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N-phenylquinazolin-4-amines derivatives were obtained in high yields with excellent purity from the reaction of 2-
aminobenzamide, orthoesters, and substituted anilines in the presence of Silica-Supported Preyssler Nanoparticles and

various heteropolyacids (HPAS).
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INTRODUCTION

In recent years, multicomponent reactions
(MCRs) have become important tools in modern
preparative synthetic chemistry because these
reactions increase the efficiency by combining
several operational steps without any isolation of
intermediates or change of the conditions [1] and
MCRs have recently emerged as valuable tools in
the preparation of structurally diverse chemical
libraries of drug-like heterocyclic compounds [2].
They showed various applications in organic,
medicinal chemistry [3] and in drug discovery as
well as ‘green chemistry’[4]. On the other hand
heteropolyacid (HPA) has been successfully
employed as a heterogeneous catalyst in organic
synthesis [5]. They are noncorrosive and are
environmentally benign, as they can be reused and
recycled [6]. Owing to all these characteristic
features of  multicomponent reaction and
heteropolyacid, heterogeneous systems show great
potential since the use of toxic solvent is drastically
reduced, the chemo selectivity and atom-efficiency
are often improved, the product isolation is
simplified, and the volume of waste is significantly
reduced. Over the last decade, due to the unigque
properties of nanoparticles along with their novel
properties and potential applications in different
fields [7] the synthesis and characterization of
catalysts with lower dimension has become an
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active topic of research. Moreover, due to quantum
size effects, nanometresized particles may exhibit
unique properties for a wide range of applications
[8]. Along this line, polyoxometalates (POMSs) are
attracting much attention as building blocks for
functional composite materials because of their
interesting nanosized structures [9]. In recent years,
considerable effort has been devoted to the design
and controlled fabrication of nanostructured POMs
for using in green reactions. This interest has
resulted in the development of numerous protocols
for the synthesis of nanostructured materials over a
range of sizes. Therefore the field of nano POMs
and their applications continue to attract significant
attention, so the number of publications and patents
continue to grow, and new researchers are entering
the field. However, in spite of extensive
investigations on synthesis and characterization of
Keggin-type nanocatalysts [10], the synthesis of
sodium  30-tungstopentaphosphate nanocatalysts
has been largely overlooked. The catalyst consists
of an anion with a formula of [NaPsW3o0110]™"
which has an unusual five-fold symmetry achieved
by fusion of five {PW¢Ox} groups. The central
sodium ion lies not on the equator of the anion but
in a plane roughly defined by oxygen atoms of the
phosphate groups. The presence of the sodium
cation reduces the overall anion symmetry from Dg,
to Cs, [11].

Natural and synthetic compounds possessing the
quinazoline structural motif display a wide range of
biological activities. Recently, quinazolin-4(3H)-
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ones were prepared via cyclocondensation of 2-
aminobenzamides with orthoesters catalyzed by
H,SO,/Si0O, under anhydrous and microwave
conditions [12]. In other work, quinazolin-4(3H)-
one and quinazolin-2,4-dione derivatives were
obtained under microwave irradiation [13]. There
has been renewed interest in N-phenylquinazolin-4-
amines connected with reports on the very high
activity of 6,7-dimethoxy-4-(3-bromophenylamino)
guinazoline (PD 153035) as a tyrosine Kkinase
inhibitor [14]. Analogues of PD 153035 with more
complex structures [15] as well as simple
derivatives of 4-phenylaminoguinazoline without,
for example, methoxy groups [16], also show
interesting  biological activity. Despite their
biological activities, no recent progress on their
syntheses has been made. N-phenylquinazolin-4-
amines can be obtained via reactions of 4-halo- or
4-mercaptoguinazolines with aromatic amines [17];
however, the yields of these reactions do not
usually [18] exceed 50%. N-phenylquinazolin-4-
amines have also been produced by reactions of
4(3H)-quinazolone with aromatic amine
hydrochlorides in the presence of phosphorus
pentoxide and dimethylcyclohexylamine [19]. 4-
Phenylaminoquinazoline  was  obtained by
desulfurization of 4-phenylaminoquinazol-2-thione
using Raney nickel W7 [20]. In addition to the
reactionsmentioned above, N-phenylquinazolin-4-
amines have been obtained by the reaction of 2-
aminobenzonitrile and various anilines in the
presence of AICIs, and by subsequent condensation
of the productswith formic acid [21]. The drawback
of this method is that the synthesis of 2-amino-N-
aryl-benzamidines is limited by the substituents on
the anilines. Since the pathogenesis of allergic
diseases is associated with elevated levels of
immunoglobulin E (IgE), Berger et al, developed a
high throughput reporter gene assay in a human B-
cell line to screen for low molecular weight IgE
inhibitory compounds. Monitoring the IL-4 driven
IgE-germline promoter activity (Ige-GLP) [22].
Quinoline, isoquinoline, guinoxaline, and
quinazoline derivatives were synthesized using
microwave-assisted synthesis and their CB1/CB2
receptor activities were determined using the
[®*S]GTPyS binding assay. Most of the prepared
quinoline, isoquinoline, and quinoxalinyl phenyl
amines showed low-potency partial CB2 receptor
agonists activity [23]. An efficient “one-step”
synthesis of cyclic amidines and guanidines has
been developed. Treatment of cyclic amides and
ureas with benzotriazol-1-yloxytris (dimethyl-
amino) phosphonium hexafluorophosphate (BOP),
base, and nitrogen nucleophiles leads to the
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formation of the corresponding cyclic amidines and
guanidines, typically in good to excellent yields.
This method has also been used to prepare
heteroaryl ethers and thioethers using phenol and
thiophenol nucleophiles. [24]. A new multi-
component synthesis of 4-arylaminoquinazolines
from the reaction of 2-aminobenzamide, orthoesters
and substituted anilines in presence of catalytic
amounts of sodium 30-tungstopentaphosphate, so-
called Preyssler heteropolyacid, is reported [25] .
Also, some  4-N-(3'- or  4'-substituted-
phenyl)amino-6,7-dimethoxyquinazolines and the
corresponding unsubstituted compounds were
synthesized from 2-amino-4,5-dimethoxybenzoic
acid and the appropriate substituted anilines [26].

EXPERIMENTAL

Chemicals and Apparatus

All the chemicals were obtained from Merck
Company and used as received. The melting points
were obtained using an Electrothermal 1A 9100
digital melting point apparatus. The IR spectra were
recorded on a Bruker (4000-400 cm™)
spectrometer. *"H NMR spectra were recorded on a
400 MHz spectrometer using TMS as internal
standard (in most spectra trimethylsilane (TMS) is
used to reference the signal to a zero (0.00) and all
other signals are relative to this standard).

Catalyst Preparation

Heteropolyacid  Preyssler  was  prepared
according to the procedure reported before [29-31].
Supported heteropolyacid catalysts were prepared
by impregnating a support in the form of powder
(nanoSiO,) with an aqueous solution of the
heteropolyacid with different concentrations.
Samples were dried at 120-140°C, and the catalysts
were calcined at 220°C in a furnace prior to use.
H14[NaPsW300110]/SiO- nanoparticles,
H[PM01,VOy], Hs[PM01oV;040], Hs[PM0gV3040],
H.14[NaPsW300110]/Si0,(40%),
H3[PM012040]/Si02(40%),
H4[PM011VO40]/Si02(40%), and
H3[PW1,040]/Si0,(40%) and Hs[PMo01,049] were
prepared according to reports in the literature [29,
30]. Melting points were measured using Barnstead
Electro thermal. Yields are based on GC/mass
analysis using an Agilent 6890 GC system Hp-5
capillary 30 m x 530 um X 1.5 pm nominal.

General Procedure

Synthesis  of  N-phenylquinazolin-4-amine
derivatives from the reaction of 2-aminobenzamide,
orthoester (trimethoxymethane ) with substituted
aniline:
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A mixture of 2-aminobenzamide (10 mmol),
orthoester (10 mmol), and substituted aniline (15
mmol) and heteropolyacid (0.03 mmol) was
refluxed in proper solvent (10 mL). The progress of
the reaction was monitored by TLC and GC. After
completion of the reaction, the catalyst was filtered
off. The pure products were obtained by column
chromatography. All products were identified by
comparison of their physical and spectroscopic data
with those reported for authentic samples [21, 24].

Selected spectral data

N-phenylquinazolin-4-amine (3a): mp: 220 °C,
'H-NMR (400 MHz, DMSO-ds, d/ppm): 9.15 (s,
1H, NH) 8.67 (s, 1H, CH=N), 7.44 (m, 5H), 7.76
(m, 4H); *C-NMR (400 MHz, DMSO-ds 6/ppm):
169.6 (C-1), 156.4 (C-2), 149.9 (C-3), 140.8 (C-4),
132.2 (C-5), 129.5 (C-6), 128.6 (C-7), 127.8 (C-8),
126.5 (C-9), 122.5 (C-10), 117.9, 116.7. IR (KBr,
cm™): 3325, 1604; Anal. Calc. for CyHy:N3: C,
76.00; H, 5.02; N, 18.99%. Found: C, 75.93; H,
4.98; N, 18.96%. HRMS (EI) Calcd. for Ci4H;1Ns
[M]*, 221.1005, Found 221.1008;

N-p-tolylquinazolin-4-amine (3e): Mp: 192 °C,
'H-NMR (400 MHz, DMSO-ds, d/ppm): 9.15 (s,
1H, NH), 8.65 (s, IH, CH=N), 7.22 (m, 4H), 7.80
(m, 4H), 2.31 (s, 3H, CHs); *C-NMR (400 MHz,
DMSO-ds o/ppm): 169.6 (C-1), 156.4 (C-2), 149.7
(C-3), 137.9 (C-4), 132.3 (C-5), 131.5 (C-6), 132.1
(C-7), 129.8 (C-8), 128.8 (C-9), 127.5 (C-10),
127.8 (C-10), 126.6 (C-11), 120.5 (C-11), 116.6 (C-
12). IR (KBr, cm™): 3327, 1602; MS: m/z 235
[M+] HRMS (El) Calcd. for CisH13N3 [M]+,
235.1002, Found 235.1004; Anal. Calc. for
CisHisNa: C, 76.57; H, 5.57; N, 17.86%. Found: C,
76.53; H, 5.51; N, 17.85%.

N-(4-nitrophenyl)quinazolin-4-amine (3g): Mp:
212 °C, 'H-NMR (400 MHz, DMSO-dg, 5/ppm):
9.20 (s, 1H, NH), 8.45 (s, IH, CH=N), 8.11 (t, 1H,
CH), 7.78 (m, 4H), 7.55 (m, 4H); *C-NMR (400
MHz, DMSO-dg, /ppm): 169.7 (C-1), 156.2 (C-2),
149.8 (C-3), 147 (C-4), 137.9 (C-5), 132.1 (C-6),
131.5 (C-7), 128.8 (C-8), 127.7 (C-9), 126.5 (C-
10), 124.6 (C-11), 119.1 (C-12), 116.3 (C-12). IR

(0]

(KBr, cm™): 3320, 1552, 1350; MS: m/z 266 [M+].
HRMS (El) Calcd. for C14H10N402 [M]+, 2661001,
Found 266.1003; Anal. Calc. for C14HioN,O,: C,
63.17; H, 3.79; N, 21.05%. Found: C, 63.43; H,
3.84; N, 21.23%.

N-(2-nitrophenyl)gquinazolin-4-amine (3h): Mp:
219 °C, 'H-NMR (400 MHz, DMSO-ds, 5/ppm):
9.40 (s, 1H, C-NH), 8.46 (s, IH, CH=N), 8.20 (t,
1H, CH), 7.80 (m, 4H), 7.57 (m, 4H); *C-NMR
(400 MHz, DMSO-dg d/ppm): 169.7 (C-1), 156.2
(C-2), 149.8 (C-3), 147 (C-4), 137.9 (C-5), 132.2
(C-6), 128.7 (C-7), 127.9 (C-8), 126.5 (C-9), 125.6
(C-10), 1195 (C-11), 116.1 (C-12), 110.4 (C-12).
IR (KBr, cm™): 3322, 1585, 1364; MS: m/z 266
[M+]. HRMS (El) Calcd. for Ci4sHioN,O, [M],
266.1001, Found 266.1003; Anal. Calc. for
CuH1oN4O2: C, 63.17; H, 3.79; N, 21.05%. Found:
C, 63.43; H, 3.84; N, 21.23%.

N-(2-methoxyphenyl)quinazolin-4-amine  (3i):
Mp: 208 °C, 'H-NMR (400 MHz, DMSO-ds,
olppm): 9.40 (s, 1H, NH), 8.48 (s, IH, CH=N), 8.12
(t, 1H, CH), 7.82 (m, 4H), 7.57 (m, 4H); *C-NMR
(400 MHz, DMSO-dg, 6/ppm): 169.8 (C-1), 156.1
(C-2), 149.9 (C-3), 147.2 (C-4), 137.9 (C-4), 132.7
(C-5), 132.1 (C-6), 128.8 (C-7), 127.6 (C-8), 126.6
(C-9), 122.6 (C-10), 121.7 (C-11), 116.3 (C-12). IR
(KBr, cm™): 3329, 1288; MS: m/z 251 [M+].
HRMS (El) Calcd. for Ci5H13N50 [M]*, 266.1001,
Found 266.1003; Anal. Calc. for Ci5H13N3O: C,
71.70; H, 5.21; N, 16.72%. Found: C, 71.65; H,
5.15; N, 16.79%.

RESULTS AND DISCUSSION

Herein we wish to report a simple method for
the synthesis of N-phenylquinazolin-4-amine
derivatives from reaction of 2-aminobenzamide,
orthoesters, and various substituted anilines using
silica-supported Preyssler nanoparticles,
H14[NaPsW300110]/SiO; and three different Keggin
types of HPAs including, Hs[PMo01oV,04],
H4[PMo01,VOy] and Hs[PMo01,04] as the catalysts
(Scheme 1).

NH, Heteropolyacids
(:fj\ NH, O/ NP 401l
NH, + R// + CH(OCHy)3 nanoparticles -

A
\
H, ~
N R (0]
SN NH
reflux N/) * N/)
3a-k 4

Schemel. Synthesis of N-phenylquinazolin-4-amine derivatives using Preyssler nanoparticles, Hys[NaPsW3,0110]/SiO,
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In connection with our program of using
heteropolyacid in organic reactions [27], we wish to
report the result of a study on the use of silica-
supported Preyssler nanoparticles,
H14[NaPsW3,0110]/SiO;, and three Keggin types of
HPAs including Hs[PM01,VOy], Hs[PM01oV,040]
and  H3[PM03;04] in the synthesis N-
phenylquinazolin-4-amine derivatives and the
effects of reaction parameters such as the type,
amount of HPA and solvent on the vyield of
reaction. The results of synthesis of N-
phenylquinazolin-4-amines from reaction of 2-
aminobenzamide, orthoesters, and various anilines
using His[NaPsW300150]/SiO, nanoparticles are
summarized in Table 1. In all the reactions, 3-
quinazolin-4-one, 4, was obtained as a byproduct in
low yield (Scheme 1). To investigate the effect of
silica-supported Preyssler nanoparticles, we carried
out comparative experiments with some silica-gel-
supported heteropolyacids, and the comparative
results are summarized in Table 2.

Comparison  of silica-supported  Preyssler
nanoparticles, H1a[NaPsW300110]/SiO»,
H3[PM01,040], Hs[PM01V504], Ha[PM01:VOy],
Hs[PMO0gV304], H3[PW1,04q],
H.14[NaPsW3011]/Si0,(40%),
H3[PM01,040]/Si02(40%),
H4[PMO01,VO4]/Si0,(40%), and
Ha[PW1,040]/Si0,(40%)  shows  that  silica-
supported Preyssler nanoparticles led to greater
yields.

Silica nanostructures were obtained through a
sol-gel method. All of the conditions are shown in
the experimental section. The BET surface area,
pore volume, and average pore size of nanosized
SiO, were obtained as 287 m%g, 0.28 cm®/g, and
0.25 nm, respectively. After the impregnation of
HPA (with 30% being the best loading), the BET
surface area, pore volume, and average pore size
were obtained as 201 m%g, 0.10 cm®g, and 0.21
nm, respectively. The BET surface area and pore
volume decreased, indicating that the pores of
nanosized silica are being filled and the supported
HPA blocked some pores of the support. The
obtained nano structures were characterized by
TEM as shown in Fig. 1. This figure shows 40 nm
spheres. The XRD pattern of nano-SiO,with sharp
peaks in the 26 range from 7° to 36° confirmed the
crystalline nature of SiO,. In addition, lack of an
XRD peak centered at 20 angle 22° (typical for
amorphous SiO,) confirmed the crystallinity. The
patterns of the spherical products confirm the
SiO,structure.

The synthesis of N-phenylquinazolin-4-amine
derivatives show that reaction of 2-
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aminobenzamide, orthoesters, and various anilines
using heteropolyacids under refluxing conditions
leads to better yields and anilines with electron-
donating groups gave slightly better yields than
anilines with electron-withdrawing groups. The
synthesis of N-phenylquinazolin-4-amine
derivatives from the reaction of 2-aminobenzamide,
orthoesters, and various anilines using silica-
supported Preyssler nanoparticles,
H14[NaPsW300110)/SiO, as catalyst was selected as
a model reaction. The results are summarized in
Tables 1 and 2. As shown in this table the sever
condition is required for synthesis of N-
phenylquinazolin-4-amine derivatives from the
reaction of 2-aminobenzamide, orthoesters, and
various anilines.

AT A B e

Fig. 1. TEM image of the synthesized nano-SiO,.

The efficiency of silica-supported Preyssler
nanoparticles, H14[NaPsW300110]/SiO,,
H3[PM01,040], Ha[PM01:VOy], Hs[PMO01V>04],

Hs[PMO0oV304], H3[PW1,04],
H3[PM012040]/Si02(50%),
H4[PM011VO,40]/Si02(50%), and

H3[PW1,040)/Si0,(50%) were also studied. Among
silica-supported Preyssler nanoparticles,
H14[NaPsW3,0110]/SiO, and the Keggin
heteropolyacids, H3[PM0;,04] and Keggin-type
vanadium-substituted heteropolymolybdates: silica-
supported Preyssler nanoparticles,
H14[NaP5W300110]/Si02, H4[PM011VO40] and
Hs[PMo01oV,04], the last one gave the best results
in the reactions. The Keggin anions have an
assembly of 12 corner-shared octahedral MoOg
from trimetallic groups [Mo03O.;3] around a
heteroatom tetrahedron PO,. The introduction of
vanadium (V) into the Keggin framework of
[PM012040]3' is beneficial for catalysis reactions.
Usually positional isomers are possible and coexist
when two or more vanadium atoms are
incorporated into the Keggin structure. Studies on
these isomers in catalytic reactions indicate that
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Table 1. Synthesis of various N-phenylquinazolin-4-amine derivatives in the presence of silica-supported Preyssler
nanoparticles, Hi4[NaPsW3,0110]/SiO, and under reflux conditions in water (as green solvent) for 1.5 hours.

Mp (°C)
Entry Aniline Product (3) Yield (%) Found Reported(lit.
13)
1 ™ H‘“Q 935 219-220 220221
C |
N/) a
Br H, Q
2 ©/ L e 85 130-131 131-132
N b
3 o S 88.5 190-191 189-190
Br SN
Cl
NH, H, Q
) 90.5 193-194 194-195
4 c|/©/ @N
N d
CHs
NH, H. Q
5 1y { 93 192-194 191-193
N/) e
HsC NH; H. Q
6 nel { 96.5 196-197 196.5-198
L f
QNo2
7 AT { 87.5 185-187 -
" g
NO2 H, /Q
8 ©/NH2 { e, 85.5 181-183 :
N h
cry e
9 éﬂ“z oo 97.5 177-178 -
so il
OCH,
NH, H, Q
10 e r { 98 174-175 165 [28]
N;Q i
O W 915 171-173 170-172 [22]

" solp

Yields isolated.

different isomers cause different reactivities to
show. With respect to the catalytic performances
for these catalysts and the overall effects of all
isomers, for synthesizing them, we cannot control
the reaction conditions for the synthesis of
positional vanadium-substituted isomers separately,
revealing the relationship between the structures of
H3z4PM0124V,O4 (X = 1, 2, 3) and hence study of

their catalytic activity is difficult. The abundance of
different isomers may also play an important role in
catalytic performance. In addition, different
positional Mo atom(s) substituted by the V atom(s)
in [PM01,04]> may create different vanadium
chemical environments, thus causing these catalysts
to exhibit varying catalytic performances. The
introduction of vanadium (V) into the Keggin
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framework is beneficial for redox catalysis, shifting
its reactivity from acid-dominated to redox-
dominated. In addition the amount of introduced
vanadium (V) has a dramatic effect on the yields.
One of the difficulties encountered in interpreting
data obtained from reactions of vanado-
molybdophosphate anions is that in solution, a
mixture of heteropoly anions are usually present. In
addition positional isomers of the polyvanadium
anions are also apparent. Another complication
inherent in the study of multielectron oxidations by
polyvanadium-containing anions is the capacity of
these oxidants to be reduced by one or more
electrons (reduction of each V(V) ion to V(IV).
However it is difficult to clarify the different
activities between these catalysts in this reaction.
We believe there is a complex relationship between
the activity and structure of polyanion. Transition
metal cations have an important effect on the
catalytic properties of these compounds when they
substitute molybdenum cations in the Keggin units.

Table 2. Comparative study of various heteropolyacids
catalysts for the preparation of N-phenylquinazolin-4-
amine (3a) under reflux conditions.

Entry Catalyst Time *Yield
(h) (%)

1 H14[NaP5W300110]/SiOzNanOpal’ticleS 1.5 93.5
2 H14[NaP5W300110]/Si02(40%) 1.5 90.5

3 H3[PM012040] 3 81

4 H4[PM011V040] 3 84

5 H5[PM010V2040] 3 85.5
6 HG[PM09V3040] 2 89

7 Ha[PW1,040] 3 825
8 H3[PM012040]/S|02(40%) 3 80

9 H4[PM011VO4Q]/S|02(40%), 3 82.5
10 Ha[PW1,040)/Si0,(40%) 3 81

Table 3. Effect of varying the solvent on the yield of N-
phenylquinazolin-4-amine (3a)

- Ve
Entry  Solvent Product (3) Time Yield

(h) (%)
e,
1 Water N 1.5 935
SN
[ IN/)
e
2 C,H;OH \ 2 90.5
L
N
e
3 CH5CN N 2 87.5
SN
[ IN/)
e
4 CH;0OH N 2.5 88.5
C
N
e
5 CHCl; \ 2.5 88
SN
[ I -
H,
6 THF N 2.5 84
)
N
e,
7 DMF N 2.5 735

=N
J
N

Yields isolated.

The case of vanadium, which can occupy both
anionic and cationic positions, is more complex. It
is suggested that the interactions of the polarized
polyanion with substrate and the number of
vanadium atoms are important factors in catalytic
activity in our reaction.

Selection of the solvent type

Due to the increase in environmental
consciousness in chemical research and industry,
the challenge for a sustainable environment calls
for clean procedures that avoid the use of harmful
organic solvents. One of the most important
principles of the green chemistry is the elimination
of hazardous solvents in chemical synthesis and
avoids using toxic solvent and the generation of
waste.

The use of water, the most abundant chemical
on earth, as a solvent has been neglected for many
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Yijelds isolated. °Yields were analyzed by GC. In the presence of
silica-supported Preyssler nanoparticles, His[NaPsW300110]/SiO, and
water as green solvent.

years by organic chemists since water has been
traditionally considered to have destructive effects
on many reagents and synthetic reactions, unless
water is used as a reagent or in workup procedures.
To investigate the effect of solvent in these
reactions, the reactions were done in different
solvents. The results are reported in Tables 2 and 3.

The results show that the efficiency of solvents
vary as water>ethanol>methanol>choloroform>
acetonitril>THF >>DMF.

Reusability of Catalyst

At the end of the reaction, the catalyst could be
recovered by a simple filtration. The recycled
catalyst could be washed with dichloromethane and
subjected to a second run of the reaction process. In
Table 4 the comparison of efficiency of silica-
supported Preyssler nanoparticles,
H14[NaPsW3q0110}/SiO, in the synthesis of N-
phenylquinazolin-4-amine derivatives from reaction
of 2-aminobenzamide, orthoester, and substituted
aniline after five times is reported. The results
indicated that the catalysts were not soluble in the
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solvent, and the yields of reactions using silica-
supported Preyssler nanoparticles,
H14[NaPsW3,0,10]/SIO, catalyst over three runs
indicated only a slight loss of activity (Table 4).

Table 4. Reuse of the catalyst for synthesis of N-
phenylquinazolin-4-amine (3a) using silica-supported
Preyssler  nanoparticles  heteropolyacid  catalyst,
H14[NaP5W3q0110]/SiO, at reflux conditions in 1.5 h and
water as green solvent

Yield (%)
93
92
92
90.5
90

Lﬂhwl\)H;CU
>S5

2Yields refer to isolated product.
CONCLUSION

In conclusion, we have presented use of Silica-
supported Preyssler nanoparticles as a catalyst for
efficient synthesis of N-phenylquinazolin-4-amine
derivatives and the yields are excellent. For all the
presented reactions, the water solvent was used
which is relatively environmentally benign and
supporting to Green Chemistry. The advantages of
the reported method are the use of cheap, mild, and
easily available catalyst, easy work-up, and better
yields. The catalyst can be reused after a simple
work-up, a gradual decline of its activity being
observed. High vyields, shorter reaction times,
simplicity of operation and easy work-up are some
of the advantages of this protocol.
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Preyssler heteropolyacid supported on nano-SiO,, Hi4[NaPsW3,0110]/S1O,: a green
and reusable catalyst in the synthesis of polysubstituted quinolines
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Synthesis of polysubstituted quinolines in the presence of silica-supported Preyssler nanoparticles (SPNP),
H14[NaPsW3q0110]/SiO,, Preyssler His[NaPsW3,0,19] and Keggin heteropolyacids, HiPW 1,04, H7[PM0gV404],
Hs[PM0gV3040], H5[PM01gV,040], Ha[PM01:VOy], H3[PMo01,040] as catalyst under aqueous conditions is described.
The best conditions were observed using Preyssler and silica-supported Preyssler nanoparticles as catalysts. The catalyst

is recyclable and reusable.

Keywords: Nano-SiO,-supported; Preyssler; Heteropolyacids; Polysubstituted quinoline; Quinolines; Catalyst

INTRODUCTION

The synthesis of quinoline derivatives has been
considered of great interest to organic chemists
owning to its wide range of biological and
pharmaceutical properties such as anti-malarial,
anti-inflammatory, anti-asthmatic, anti-bacterial,
anti-hypertensive and tyrosine kinase inhibiting
agents [1]. In addition, quinolines are valuable
synthones used for the preparation of nano- and
meso-structures with enhanced electronic and
photonic properties [2]. Consequently, various
methods were developed for the synthesis of
quinoline derivatives. The Friedlinder annulation
has been catalyzed by both acids and bases. Under
base catalyzed conditions 2-aminobenzophenone
fails to react with simple ketones such as
cyclohexanone or a-ketoesters [3]. Bronsted acids
like hydrochloric acid, sulphuric acid, p-toluene
sulphonic acid, phosphoric acids are widely used as
catalysts for this conversion [4]. However, many of
these classical methods require high temperatures,
longer reaction times, drastic conditions, and low
yields. Therefore, new catalytic systems are
continuously explored. As a result, recently Lewis
acids such as AQsPW1,04, Y(OTf); FeCly or
Mg(C|O4)z, NaAUC|4 .2H,0, SnC|2 or ZnCIQ,
Bi(OTf);, NaF, SnCl,.2H,0, CeCls.7H,0, ZnCl,,
and 1, have been used in presence of organic
solvent for the synthesis of quinolines [5]. Also,
microwave irradiations have been used for the
synthesis of these compounds [6]. Quinolines are
very important compounds because of their wide
occurrence in natural products [7] and their

* To whom all correspondence should be sent:
E-mail: aligharib5@yahoo.com

interesting biological activities such as antimalarial,
anti-inflammatory agents, antiasthmatic,
antibacterial, antihypertensive, and tyrosine kinase
inhibiting agents [8]. In addition, quinolines have
been used for the preparation of nanostructures and
polymers that combine enhanced electronic,
optoelectronic or non-linear optical properties with
excellent mechanical properties [9]. As a result of
their importance as substructures in a broad range
of natural and designed products, significant effort
continues to be directed toward the development of
new quinoline-based structures and new methods
for their construction [10]. Synthesis of the
corresponding heterocyclic compounds could be of
interest from the viewpoint of chemical reactivity
and biological activity. Heteropolyacids are widely
used in variety of acid catalyzed reactions [11].
Heteropolyacids as solid acid catalysts are green
with respect to corrosiveness, safety, quantity of
waste and separability and it is well known that the
use of heteropolyacid catalysts for organic
synthesis reactions can give a lot of benefits. One
of the unique features that make solid heteropoly
acids economically and environmentally attractive
is their stability and bronsted acidity.

The catalytic function of heteropolyacids
(HPAs) and related polyoxometalate compounds
has attracted much attention, particularly in the last
two decades [12]. Polyoxametalates (POMSs) are a
class of molecularly defined organic metal-oxide
clusters; they possess intriguing structures and
diverse properties [12]. These compounds exhibit
high activity in acid-base type catalytic reactions,
hence they are used in many catalytic areas as
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homogeneous and  heterogeneous catalysts.
Numerous attempts to modify the catalytic
performance of heteropolyacids, such as supporting
them on mobile composition of matter (MCM),
silica gel and others have been reported [13]. The
application of Preyssler catalysts is highly limited
and only a few examples of catalytic activity have
been reported [14]. The important advantages of
this heteropolyacid are: strong Bronsted acidity
with 14 acidic protons, high thermal stability, high
hydrolytic stability (pH 0-12), reusability, safety,
quantity of waste, ease of separation, corrosiveness,
high oxidation potential, and application as a green
reagent along with an exclusive structure. All these
characteristics have attracted much attention in the
recent literature [15,16]. Over the last decade, due
to the unique properties of nanoparticles along with
their novel properties and potential applications in
different fields [17], the synthesis and
characterization of catalysts with lower dimension
has become an active topic of research. As the
particle size decreases, the relative number of
surface atoms increases, and thus activity increases.
Moreover, due to quantum size effects, nanometre-
sized particles may exhibit unique properties for a
wide range of applications [18]. In spite of
extensive investigations on Keggin-type
nanocatalysts [19,20], the synthesis of Preyssler-
type nanocatalysts has been largely overlooked.
Recently we have explored the application of a
Preyssler catalyst in various organic reactions.

EXPERIMENTAL
Instrument and chemical materials

All Chemicals were of analytical grade and
purchased from Aldrich and Fluka companies.
'H NMR spectra were recorded on a FT NMR
Bruker 400 MHz spectrometer at 298 K. Melting
points were recorded on an Electrothermal type
9100 melting point apparatus andwere uncorrected.
Chemical shifts were reported in ppm (J-scale)
relative to internal standard TMS (0.00 ppm) and
using CDCl; as solvent a reference. IR spectra were
obtained with a Buck 500 scientific spectrometer
(KBr pellets). The products were identified by
comparison of their mp., IR and NMR spectra with
those of authentic samples. Elemental analyses
were preformed on Perkin Elmer 2400, series 1l
microanalyzer.

Synthesis of SiO2 Nanoparticles

The materials used in this work include
tetraethyl orthosilicate (TEOS) (Merck, 98%) as the
SiO, precursor. Besides the main precursor, nitric
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acid (65%) and double distilled water were used for
peptization and solvent, respectively. The sol-gel
precursor solution was obtained by mixing
tetraethyl orthosilicate (TEOS) and ethanol with
specific molar ratios of ethanol to TEOS. The
mixture was stirred using magnetic stirring.

Catalyst Preparation

Preyssler catalyst, Hy[NaPsW30119] Was
prepared by passage of a solution of the potassium
salt (30 mL) in water (30 mL) through a column
(50 cm x 1 cm) of Dowex 50wx8 in the H" form.
The eluent was evaporated to dryness under
vacuum [21,22].

Catalyst Synthesis Procedure

To a solution of the surfactant, sodium bis(2-
ethylhexyl) sulphosuccinate, in cyclohexane (0.2
mol L™), a solution of Preyssler acid in a specified
amount of water was added. The molar ratio of
water to surfactant was selected to be 3, 5 and 7.
Tetraethoxysilane (TEOS) was then added to the
micro-emulsion phase. After mixing for various
times (8, 12, 18, 25 and 30 h) at room temperature,
dispersed Preyssler acid/SiO, nanostructures were
centrifuged and the particles were rinsed with
acetone (4 times) and dried in a vacuum oven. The
optimum ratio of water to surfactant was 3:1 and
the optimum time was 30 h. The catalysts of
H[PM01,VOy], Hs[PM01oV;040], Hs[PM0gV3040],
H7[PM08V4040] and We"S-DaWSOH, He[Pnggoaz]
were prepared in according to the literature [23-33].
Hs[P.W150s2], H7[PM0gV4O0u4],  He[PM0gV304],
Hs[PMO014V,04q], H4[PM01,VOy] and
H3[PMo0,,04] were prepared according to the
literatures [30-34]. The integrity of the synthesized
heteropolyacids has been proven by comparing of
spectral data with those reported in literatur [35-
38].

General experimental procedure

Preparation of 1-(2-methyl-4-phenylquinolin-3-
yl)ethanone and ethyl 2-methyl-4-phenylquinoline-
3-carboxylate derivatives:

A mixture of 2-aminoaryl ketone (1.0 mmol), a-
methylene ketone (1 mmol) and heteropolyacid as
catalyst (0.05 mmol) and water (1.0 mL) was
stirred at room temperature for the specified time
(Table 2). The progress of the reaction was
monitored by TLC. At the end of the reaction, the
catalyst was filtered, washed with dichloromethane,
dried at 130 °C for 1 h, and re-used in another
reaction. The recycled catalyst was used for five
reactions without observation of an appreciable lost
in its catalytic activities.
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Selected spectra data:

Methyl  2,4-dimethyl quinoline-3-carboxylate
(4b): IR (neat, cm™): 1731, 1612; 'H-NMR (400
MHz, CDCls, é/ppm): 8.05 (d, J = 8.4 Hz, 1H),
7.95 (d, J = 8.4 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H),
7.47 (t, J = 7.5 Hz, 1H), 3.61 (s, 3H), 2.70 (s, 3H),
2.65 (s, 3H); ®*C-NMR (400 MHz, CDCl;, 6/ppm):
168.6, 154.5, 147.0, 141.2, 129.7, 128.9, 127.7,
126.3, 125.8, 123.7, 52.6, 23.9, 15.7; Anal. Calcd
for C13H13sNO,: C, 72.54; H, 6.09; N, 6.51. Found:
C, 72.40; H, 6.15; N, 6.58. HRMS (EI) Calcd. for
ClnggNOZ [M]+, 2151003, Found 2151005,

Methyl 4-(2-chlorophenyl)-2-methylquinoline-3-
carboxylate (4c): IR (KBr, cm™): 1725, 1612; 'H-
NMR (400 MHz, CDCls, o/ppm): 7.96 (m, 8H),
3.63 (s, 3H), 2.75 (s, 3H); ®C-NMR (400 MHz,
CDClj3, o/ppm): 168.6, 154.4, 146.9, 141.5, 133.3,
130.2, 129.8, 129.5, 128.8, 128.5, 128.1, 127.7,
127.1, 126.5, 126.1, 125.3, 52.6, 23.9; Anal. Calcd
for C;gHyCINO,: C, 69.35; H, 4.53; N, 4.49.
Found: C, 69.26; H, 4.61; N, 4.59. HRMS (EI)
Calcd. for CygH,CINO, [M]*, 311.1003, Found
311.1007;

Methyl 6-chloro-2,4-dimethylquinoline-3-

carboxylate (4d): IR (KBr, cm™): 1726, 1615; 'H-
NMR (400 MHz, CDCls, d/ppm): 8.12 (d, J = 8.4
Hz, 1H), 7.75 (s, 1H), 7.60 (d, J = 8.4 Hz, 1H), 3.62
(s, 3H), 2.75 (s, 3H), 2.65 (s, 3H); *C-NMR (400
MHz, CDClI3, é/ppm): 168.5, 154.4, 146.2, 135.5,
132.6, 130.3, 129.4, 128.5, 127.7, 124.9,
52.8, 24.4, 16.6; Anal. Calcd for C13H.,.CINO,: C,
62.53; H, 4.84; N, 5.61. Found: C, 62.47; H, 4.92;
N, 5.52. HRMS (EI) Calcd. for Cy3H;,CINO, [M]",
249.1003, Found 249.1008;

Methyl 6-chloro-2-methyl-4-phenylquinoline-3-
carboxylate (4e): IR (KBr, cm™): 1735, 1587; ‘H-
NMR (400 MHz, CDCls, d/ppm): 8.04 (d, J = 8.0
Hz, 1H), 7.60 (dd, J = 8.0 Hz, 1H), 7.50 (m, 4H),
7.34 (m, 2H), 3.57 (s, 3H), 2.76 (s, 3H); *C-NMR
(400 MHz, CDClIs, o/ppm): 168.2, 154.9, 148.2,
1455, 135.0, 132.1, 131.0, 130.4, 129.4, 128.9,
128.4, 1275, 125.7, 125.3, 52.5, 24.8; Anal. Calcd
for C;gHyCINO,: C, 69.35; H, 4.53; N, 4.49.
Found: C, 69.29; H, 4.48; N, 4.41. HRMS (EI)
Calcd. for CigH,CINO, [M]*, 311.1002, Found
311.1004;

Methyl  6-chloro-4-(2-chlorophenyl)-2-methyl-
quinoline-3-carboxylate (4f):IR (KBr, cm™): 1733,
1606; "H-NMR (400 MHz, CDCls, 6/ppm): 8.06 (d,
J =9.2 Hz, 1H), 7.49 (m, 6H), 3.56 (s, 3H), 2.78 (s,
3H); *C-NMR (400 MHz, CDCls ¢/ppm): 168.1,
154.7, 139.5, 135.5, 134.6, 133.4, 132.4, 130.5,
129.8, 129.1, 128.7, 128.3, 128.0, 127.5, 126.5,
125.7,52.5, 23.9; Anal. Calcd for Ci5H43CIL.NO,: C,

62.45; H, 3.78; N, 4.05. Found: C, 62.38; H, 3.67;
N, 4,10. HRMS (El) Calcd. for ClgH]_gCIzNOz [M]+,
345.0005, Found 345.1008;

Methyl 6-nitro-2,4-dimethylquinoline-3-

carboxylate (4g): IR (KBr, cm™): 1736, 1615; 'H-
NMR (400 MHz, CDCls, é/ppm): 8.45 (d, J = 8.4
Hz, 1H), 7.80 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 3.65
(s, 3H), 2.76 (s, 3H), 2.65 (s, 3H), *C-NMR (400
MHz, CDCl3, o/ppm): 168.4, 154.5, 148.4, 135.5,
132.7,130.5, 129.6, 128.6, 127.5, 125.3,
52.7, 24.3, 16.8; Anal. Calcd for C;3H1,N,O,: C,
60.00; H, 4.65; N, 10.76. Found: C, 59.91; H, 4.46;
N, 10.66. HRMS (El) Calcd. for C13H12N204 [M]+,
260.1006, Found 260.1008;

Methyl  2-methyl-6-nitro-4-phenylquinoline-3-
carboxylate (4h): IR (KBr, cm™): 1731, 1620,
1525; *H-NMR (400 MHz, CDCl,, §/ppm): 7.95
(m, 8H), 3.65 (s, 3H), 2.72 (s, 3H); *C-NMR (400
MHz, CDCl3, é/ppm): 168.4, 155.2, 148.5, 145.7,
135.5, 132.5, 131.0, 130.6, 129.4, 128.9, 128.6,
127.8, 1255, 124.7, 52.6, 24.9; Anal. Calcd for
CisH1sN,04: C, 67.08; H, 4.38; N, 8.69. Found: C,
66.97; H, 4.67; N, 8.60. HRMS (EIl) Calcd. for
C1sH14N204 [M]7, 322.1002, Found 322.1006;

Methyl 4-benzyl-2-methylquinoline-3-
carboxylate (4i): IR (KBr, cm™): 1725, 1567; 'H-
NMR (400 MHz, CDClj, d/ppm): 8.05 (d, J= 8.4
Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.60 (t, J = 7.5
Hz, 1H), 7.47 (t, J = 7.5 Hz, 1H), 7.30 (m, 5H),
3.97 (s, 2H), 3.54 (s, 3H), 2.60 (s, 3H); *C-NMR
(400 MHz, CDCl; d/ppm): 168.2, 154.6, 147.4,
1415, 131.2, 129.7, 128.8, 128.5, 128.2, 127.9,
127.7, 126.6, 126.2, 124.3, 51.9, 37.7, 23.6; Anal.
Calcd for C19H17N02: C, 78.33; H, 5.88; N, 4.81.
Found: C, 78.24; H, 5.82; N, 4.97. HRMS (EI)
Calcd. for CyHsNO, [M]’, 291.1002, Found
291.1006;

Methyl 4-benzyl-6-chloro-2-methylquinoline-3-
carboxylate (4j):IR (KBr, cm™): 1725, 1580; 'H-
NMR (400 MHz, CDCls, d/ppm): 8.06 (d, J = 8.4
Hz, 1H), 7.73 (s, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.32
(m, 2H), 7.20 (m, 3H), 3.96 (s, 2H), 3.62 (s, 3H),
2.65 (s, 3H); ®*C-NMR (400 MHz, CDCl; 6/ppm):
168.6, 154.2, 146.5, 135.8, 132.5, 131.6, 130.4,
129.4, 128.9, 128.4, 128.2, 127.9, 127.6, 125.6,
52.4, 37.8, 24.4; Anal. Calcd for Cy4H;sCINO,: C,
70.05; H, 4.95; N, 4.30. Found: C, 69.86; H, 4.87;
N, 4.38. HRMS (EI) Calcd. for C;gH1cCINO, [M]",
325.1002, Found 325.1007;

Methyl  4-benzyl-2-methyl-6-nitroguinoline-3-
carboxylate (4k): IR (KBr, cm™): 1733, 1619; 'H-
NMR (400 MHz, CDCl3, o/ppm): 8.44 (d, J= 8.4
Hz, 1H), 7.85 (s, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.36
(m, 5H), 4.01 (s, 2H), 3.64 (s, 3H), 2.65 (s, 3H);
BC-NMR (400 MHz, CDCl; ¢/ppm): 168.6, 154.5,
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148.6, 135.1, 133.1, 131.4, 130.7, 129.5, 129.2,
128.6, 128.2, 127.9, 127.8, 126.1, 52.7, 37.9, 24.8;
Anal. Calcd for CigHsN,O,: C, 67.85; H, 4.80; N,
8.33. Found: C, 67.72; H, 4.73; N, 8.40.
HRMS (El) Calcd. for C19H15N204 [M]+, 3361002,
Found 336.1004;
1-(2-methyl-4-phenylquinolin-3-yl)ethanone
(3q): IR (KBr, cm™): 3027, 2963, 1708, 1615,
1573, 1480, 705; 'H-NMR (400 MHz, CDCls,
olppm): 1.80 (s, 3H), 2.02 (s, 3H), 7.12 (m, 2H),
7.23 (t, J = 8.4 Hz, 1H), 7.26 (m, 3H), 7.30 (d, J =
8.6 Hz, 1H), 7.35 (t, J = 8.4 Hz, 1H), 7.94 (d, J =
8.6 Hz, 1H); *C-NMR (400 MHz, CDCl; 6/ppm):
23.2,29.1, 31.4, 124.5, 125.4, 126.0, 128.1, 128.4,
129.6, 134.8, 147.0, 153.1, 205.5; Anal. Calcd for
CigHisNO: C, 82.73; H, 5.78; N, 5.36. Found: C,
82.71; H, 5.80; N, 5.33. HRMS (EI) Calcd. for
C1gH1sNO [M]*, 261.1004, Found 261.1009;
1-(6-chloro-2-methyl-4-phenylquinolin-3-yl)
ethanone (4l): IR (KBr, cm™): 3030, 2962, 1702,
1606, 1569, 1485, 909, 695; 'H-NMR (400 MHz,
CDCls, d6/ppm): 1.91 (s, 3H), 2.62 (s, 3H), 7.32 (m,
2H), 7.56 (m, 5H), 7.92 (d, J = 8.7 Hz, 1H); **C-
NMR (400 MHz, CDCl; o/ppm): 23.5, 31.7, 124.6,
125.7, 128.6, 129.2, 129.8, 130.7, 132.4, 134.5,
135.6, 142.8, 145.8, 153.8, 204.7; Anal. Calcd for
C1gHuCINO: C, 73.09; H, 4.77; N, 4.73. Found: C,

R>

Cataly st

73.05; H, 4.74; N, 477. HRMS (El) Calcd. for
C1gH14CINO [M]", 295.1000, Found 295.1006;

RESULTS AND DISCUSSION

Herein we wish to report the catalytic ability of this
catalyst in the synthesis of Polysubstituted
Quinolines by the reaction of a variety of a-
methyleneketones and or 2-aminoaryl ketones and
dimedones under mild reaction conditions with the
use of heteropolyacids (HPAs) as a catalyst in the
synthesis of quinolines with excellent yields. The
effects of wvarious parameters such as solvent,
catalyst type, temperature (under relux and room
temperature) and times of the reactions were
studied.

Using the best conditions reported in Table 1,
we then continued to study the reaction by using
variety of 2-aminoaryl and a-methylene ketones
respectively. The results were summarized in Table
1 indicating that both cyclic and acyclic ketones
underwent smooth reaction with 2-aminoaryl
ketones to give high yields of products. The present
protocol is highly effective for substituted 2-
aminoaryl ketones such as 2-aminobenzophenone
and 2-amino-5-chlorobenzophenone. In general, the
yields of the quinoline dervetives were high. It is
noteworthy to mention that the method is clean and
free form side reactions which normally observed
under basic conditions.

O O
Ry
\@O ¥ HsCJ\/U\Rg
NH,

1 2
RZZ CH3, PhCHz-, Ar-
R3: CH3, OCH3, OC2H5
Rl:H, NOZ, Cl

- . Rl X
silica-supported Preyssler nanoparticles R3
> =

reflux, H,O N CHs

Scheme 1. The reaction of 2-aminobenzophenone (1), and ethyl acetoacetate (2) under solvent-free condition at reflux
conditions in the presence of silica-supported Preyssler nanoparticles catalyst, Hi4[NaPsW30110]/SiO»

Table 1. Synthesis of quinolines in the presence of silica-supported Preyssler nanoparticles, Hi4[NaPsW3,0110]/SiO,
under reflux and solvent-free conditions in 2 hours (3a-Z4). (®Isolated yield)

. Mp(°C)
a 0,
Entry Substrate (1) Substrate (2) Product Yield (%) Found Reported
CHj3 CH; O
P Y cH 93 112
1 o]
H3CMCH3 P :
NH, N" CH; g
CH, CH; O
P 1 Sy "ocH 97 il Qil,(lit .39
2 o oi il,(lit.
H3CMOCH3 - ’ ( )
NH, N" CH; p
CHj O
3 g “ i 95 123-126
@] -
H3CMCH3 O Y7 CH,
NH, Z
N~ "CHy ¢
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Effect of the catalyst

As could be seen in Table 3, the best result was
obtained in the presence of silica-supported
Preyssler nanoparticles heteropolyacid,
H14[NaPsW3,0110]/SiO, under reflux and room
temperatures and any further increase in the
reaction time did not have any effect on the yield.
Furthermore, we also tested the catalytic activity of
different catalysts such as HCIO,, p-toluenesulfonic
acid (TsOH), H,SQ,, silica sulfuric acid (SSA), and
ZnCl,, and obtained only moderate yields at reflux
and room temperatures conditions. One of the most
interesting points in this work is the difference of
the catalytic activity between simple mineral acids
(HCIO,4 and H,S0O,, Table 3, entries 10, 11), silica-
supported Preyssler nanoparticles,
H14[NaPsW3,0110]/SiO,, Preyssler heteropolyacid,
H14[NaPsW3,0110] and other keggin heteropolyacids
catalysts at reflux and room temperatures
conditions (Table 3). Encouraged by this result, we
turned our attention to various substituted
substrates. The procedure gave the products in high
yields and avoids problems associated with solvents
and liquid acids use (cost, handling, safety,
pollution, corrosiveness, separation, and recovery)
(Tables 1 and 3). In a control experiment, it was
observed that in the absence of the catalyst, the
reaction did not proceed even at higher
temperatures. Lowering the reaction temperature
was detrimental to the efficiency of this procedure.
Usually positional isomers are possible and coexist
when two or more vanadium atoms are
incorporated into the Keggin structure (for example
5 and 13 isomers for x=2 and 3, respectively) [39].
Studies on these isomers in catalytic reactions
indicate that different isomers cause to show
different reactivities [40]. Because the metal
substitution may modify the energy and
composition of the LUMO and redox properties, for
mentioned heteropolyacids with different charges,
the energy and composition of the LUMOs have
significant effects on the catalytic activity [41].
Substitution of vanadium ions into the molybdenum
framework stabilize the LUMOs because these
orbitals derive, in part from vanadium d-orbitals
which have been assumed to be more stable than
those of molybdenum and tungsten [41]. The
abundance of different isomers may also play an
important role in catalytic performance. In addition,
different positional Mo atom(s) substituted by the V
atom(s) in [PMo1,04]> may create different
vanadium chemical environments, thus causing
these catalysts to exhibit varying catalytic
performances. By variation of the addenda atoms,

the electrochemical character of them can be widely
changed. The addenda atoms can be ordered by
decreasing oxidizing ability in the following way:
V(V) > Mo(VI) > W(VI) [33].

In order to confirm the utility of HPAs, as
effective catalysts, this reaction was repeated in the
absence of the HPAs.

Effect of the solvent

The effect of solvent on the model reaction was
studied by carrying out the reaction in a solvent-
free system and in a variety of solvents including
chloroform, dichloromethane, and acetonitrile at
different temperatures. As shown in (Table 2) the
best results in terms of yield and time have been
achieved in solvent-free systems. The synthesis of
quinoline derivatives at reflux temperature was
carried out using various common solvents such as
acetic acid, ethanol, methanol, THF and
acetonitrile. The results are shown in Table 2. With
using all of the catalysts the highest yield of
products was obtained under solvent-free condition.

Table 2. Synthesis of methyl 2,4-dimethylquinoline-3-
carboxylate (3b) and ethyl 2-methyl-4-phenylquinoline-
3-carboxylate (3r) in the presence of silica-supported
Preyssler nanoparticles heteropolyacid catalyst and
different solvents under reflux conditions.

Temperature  Time _ *Yield (%)
Entry  Solvent (OC) ) T
1 Free Reflux 2 98.5 97.5
2 Water Reflux 25 92 90.5
3 C,Hs;OH Reflux 2.5 88 83
4 CHCl, Reflux 35 775 745
5 CCl, Reflux 45 73 70
6 THF Reflux 5 70 66.5
7 CH5CN Reflux 4 90 88
8 CH,Cl, Reflux 45 76 735
9 CH;COOH  Reflux 3 86.5 82

dIsolated yield.

In addition, the time required for completion of
the reaction was found to be less under solvent-free
condition. In our studies, we investigated the
activity of silica-supported Preyssler nanoparticles
H14[NaPsW300410]/SiO,,  Preyssler and various
Keggin-type  heteropolyacids.  Representative
results in (Table 2) are shown. The results indicate
that the nature of the catalyst plays an important
role on their catalytic activities. The highest yield
of products has been achieved in the presence of
silica-supported Preyssler nanoparticles
H14[NaPsW3,0110}/SiO; as catalyst, and H,SO, gave
the lowest yields. Due to the complicated nature of
the reaction, obtaining the variety of products, it
seemed rather difficult to make an exact assessment
of the catalyst role. The Keggin anion has an
assembly of 12 cornershared octahedral MoOg from
trimetallic groups [Mo3045] around a heteroatom
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Table 3. Effect of silica-supported Preyssler nanoparticles, Preyssler and various Keggin-type heteropolyacids on the
yields of Polysubstituted Quinolines (3b and 3r) under reflux and room temperatures and in solvent-free conditions

&Yield (%) aviald (0
Entry Catalyst Time (h) at Room Ztlerglfjf)
Temperature
Reflux Room 3b 3r 3b 3r

Silica-supported Preyssler
1 nanoparticles, Hi4,[NaP5W3q0110]/SiO, 2 14 515 59.5 98.5 97.5
2 H14[NaPsW30110] 2 16 455 46 97 96

H7[PMO05V.4Ou0] 3 16 425 445 925 94
2 He[PM0gV304] 3 16 39 43.5 90.5 92.5
3 Hs[P M01oV,040] 3 16 41 43 88.5 90.5
4 H4[PMo1;V1040] 3 16 40.5 42 86 88
5 H3[PW1,04] 3 16 375 39 83.5 84
6 H4[SiW1,040] 4 18 34 325 80 815
7 H3[PM01,04] 4 18 29 32 77 79
8 H4[SiM01,04] 4 18 315 305 75 76
9 He[P2W150¢,] 4 18 40 41 91 93
10 HCIO, 6 21 19.5 20 41 43
11 H,SO, 6 21 10.5 10 35 36.5
12 TsOH 6 21 31 30 53.5 52
13 SSA 6 19 28.5 31 64 63
14 ZnCl, 6 21 12 11 37 37.5
15 Free 10 24 - - - -

tetrahedron PO,. The introduction of vanadium (V) have found that silica-supported Preyssler

into the Keggin framework of [PM01204o]3' is
beneficial for catalysis reactions [42].

Effect of the catalyst type

To study the effect of catalyst type, the synthesis
of Polysubstituted Quinolines was selected as a
model reaction and the efficiency using Preyssler
and four Keggin-type heteropolyacids
(H14[NaPsW300110], H7[PM0gV4O04q],
Hs[PM0gV3040], Hs[PMO010V;040], Ha[PM01,VOy],
H6[P2W18062] and H3[PM012040]) was studied. The
results are reported in Table. 3 with the order of
efficiency as follows: silica-supported Preyssler
nanoparticles, H14[NaPsW3,0410)/SiO,>
Hl4[NaP5WSOOlIO]>H?[PM08V4O40]>H6[P2W18062]
>Hg[PM0gV3040]>H5[PM010V2040]>H4[PM01,V Oy
1>H3[PM0,20,].

Reusability of the catalyst

In order to know whether the catalysts would
succumb to poisoning and lose of catalytic activity
during the reaction, we investigate the reusability of
the catalyst. For this purpose, we first carried out
the reaction in the presence of the catalyst. After
completion of the reaction, the catalyst was
removed and washed with diethyl ether, dried at 80
°C for 1 h, and subjected to a second run of the
reaction process with the same substrate. The
results of the first experiment and subsequent
experiments were almost consistent in yields. We
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nanoparticles catalyst can be reused several times
without any appreciable loss of activity. The
several time recoveries had only slightly decreased
the catalytic activity, pointing to the stability and
retention capability of this useful polyanion. In
Table 4 the comparison of efficiency of the catalyst
after five times reuse is reported.

Table 4. Reuse of the silica-supported Preyssler
nanoparticles, His[NaPsW300,10)/SiO, for the synthesis
of 3r (ethyl 2-methyl-4-phenylquinoline-3-carboxylate)
in solvent-free under reflux conditions.

Entry  Run Time  ?Yield (%)
(h)
1 1 2 97
2 2 2 97
3 3 2 95.5
4 4 2 95
5 5 2 94

3Isolated Yields.
CONCLUSIONS

In conclusion, we have developed a simple,
convenient and efficient protocol for the synthesis
of wide range of quinolines under solvent-free
conditions is reported. The high yields of products,
easy work up procedure, and use of a very small
amount of heteropolyacid make it the preferred
procedure for the preparation of different kind of
quinolines. In our studies, we investigated the
activity of various Keggin-type heteropolyacids.
The highest yield of products has been achieved in
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the presence of silica-supported Preyssler
nanoparticles, H.14[NaPsW3,011]/SiO, and
H;[PMogV4Oy4] as catalyst, and H,SO, gave the
lowest yields.
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PREYSSLER’OBH XETEPOITIOJIMKUCEJIMHU H14[NAPsW3,0110], HAHECEHU BBPXY
HAHOYACTULIU OT CUJIIMOUEB JJUOKCU: 3EJIEH 1 PELIUKIIMPYEM KATAJIU3ATOP
3A CUHTE3ATA HA I1OJIN-3AMECTEHU XMHOJIMHA

A. Fapn6l’2*, B.P.X. Xopa:saHI/IZ, M. I[)KaxaHmpl, M. Pomanu®, JI. Baxmapnz, C. Moxaz[ecsaz[ez, C.
Ahmadi?

1 “

Jlenapmamenm no xumus, Hcaamcku ynueepcumem “Asad”, Mawixao, Hpan
2
3emedencku yenmvp 3a uscneosanus u ycayeu, Mawxao, Upan

TlocTenmna Ha 28 mait 2012 r.; kopurupana Ha 5 peyapu, 2013 r.
(Pesrome)

Omnucanu ca CHHTE3UTE Ha MOJIM-3aMECTEHH XHHOJIMHU B MPUCHCTBHE HA KATAIM3aTOPU OT HAHOYACTHUIIM, HAHECCHU
BbpXy mommoxka or cumunueB guokcum (SPNP): Hig[NaPsW300,110]/SiO,, Preyssler’ou Hig[NaPsW30110] u
Keggin’OBI/I XCTCPOIIOJIUKHUCCIINHH, H3PW 1,040, H7[PM08V4O40], H5[PM09V3O40], H5[PM010V2040], H4[PM011VO40],
H3[PM01,04] BBB Bomna cpena. Haii-moOpu ycnoBusi ca HaOmogaBaHW TNpu H3Moi3BaHeTo Ha Preyssler’osu
XETEePOIOIUKUCEIIMHN KaTo KaTanu3atop. Karannzatopure ca pelUKINpyEeMH U TOJHHU 32 MHOTOKpaTHA yrnoTpeoa.
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The acute toxicity of the polyether ionophores monensin, salinomycin and their metal complexes with Na(l), Mg(ll),
Ca(ll), Mn(I1), Co(ll), Zn(11) was evaluated in mice. The experimental data revealed that Ca(ll) and Mg(ll) complexes
of salinomycin display the highest toxicity among the compounds tested, with LDz, values of 20.5 mg/kg b.w. (13
pmol/kg b.w.) and 25.8 mg/kg b.w. (17 umol/kg b.w.), respectively. The preliminary evaluation of biochemical indices
of survived animals showed that no significant changes occur within a three-day treatment with ionophorous antibiotics

and their complexes.

Keywords: polyether ionophores, metal complexes, acute toxicity, biochemical indices

INTRODUCTION

Polyether ionophores are natural compounds
produced by Streptomyces spp. and are applied in
veterinary medicine as coccidiostats, antimicrobial
agents and growth promoters [1]. Although known
as monovalent ionophores for their affinity to bind
alkali cations, these compounds also form various
divalent metal derivatives depending both on the
antibiotic form (acidic or sodium) and on the nature
of the metal(ll) ion [2-9].

Generally, the metal complexes of monensin
and salinomycin possess more pronounced
biological activity than non-coordinated ionophores
as the antibacterial (B. subtilis, B. mycoides, M.
luteus) and the anticancer studies (human squamous
cell carcinoma, glioblastoma multiforme, cancers of
lung, breast, liver and uterine cervix, chronic
myeloid leukemia) revealed [9-12]. At the same
time there are limited data on the toxicity of the
polyether ionophorous antibiotics and especially of
their metal-containing compounds in animal models
[13, 14]. The aim of the present research is to
evaluate both the acute toxicity of metal complexes
of monensin and salinomycin in mice and their
effect on some clinical parameters of survived
animals.

* To whom all correspondence should be sent:
E-mail: ipancheva@chem.uni-sofia.bg

EXPERIMENTAL

The protocol was approved by the Institutional
Animal Care and Use Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences
(IN-BAS) according to the Guidelines for Animal
Experimentation.

Test compounds

Sodium forms of monensin and salinomycin
were kindly provided by Biovet Ltd. Peshtera,
Bulgaria. Acidic forms of antibiotics and their
metal(I11) complexes were prepared as previously
described [2,3,5,6,9].

Animals and house conditions

Male ICR mice (18-25 g) were used in the
experiments, housed in plastic cages with stainless
steel top in the animal care facility of IN-BAS,
where room temperature, humidity and ventilation
were controlled according to international
standards. The animals had access to food and
water ad libitum and were maintained at 24 + 2 °C
with a 12 h light/dark cycle.

Experimental design

The compounds tested were administered per os
(gavage) on an empty stomach (12 h without food
before testing) as aqueous suspensions. The acute
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toxicity (LDsp, mg/kg b.w., umol/kg b.w.) was
measured by the Prozorovsky’s method [15].

The animals survived after acute toxicity test
with the selected substances were subjected to
additional ~ two-day  treatment  with  the
corresponding dose of the compounds (total 72 h
treatment). After that the animals were sacrificed
under anesthesia (chloralhydrate, 50 mg/kg, i.p.).
Blood samples were collected by cardiac puncture.

Clinical observations

The observation period was one or three days
post administration for acute toxicity assay and 72
h treatment, respectively. Clinical signs of
toxidromes (tremors, excitability, salivation, etc.)
and mortality were observed while dosing, during
the first two hours after administration and on the
12" / 24™ h after the treatment.

Biochemical analyses

Biochemical examinations were performed
using blood collected in plain tubes. Blood samples
were centrifuged (3 000 rpm / 5 min) and the serum
was collected for assays. The following parameters
were measured on a Mindray clinical chemistry
analyzer (China) using Sentinel (Italy) diagnostic
kits: aloumin (ALB), total protein (TP), aspartate
aminotransferase (AST), alanin aminotransferase
(ALT), alkaline phosphatase (ALP),
lactatdehydrogenase (LDH), creatinine (CR), urea
(URE).

Statistical analysis

The reference biochemical values of control
animals were calculated by the parametric method
[16]. The values of biochemical parameters do not
usually follow the normal distribution and for that
reason the reference limits are calculated using 2.5
and 97.5 percentile ranges.

RESULTS

The majority of acute toxicity tests performed
aims to determine only the minimum lethal or
maximum non-lethal dose. At the same time these
tests can provide preliminary but useful information
on the toxic nature of compounds for which no
toxicological information is available. Such data
base can be used to deal with cases of accidental
ingestion of a large amount of the corresponding
compound; to determine possible target organs
and/or special tests that should be conducted in
repeated-dose toxicity tests; and to select doses for
short-term and sub-chronic toxicity tests when no
other toxicology information is existing [17].

Monensin and salinomycin are well known and
widely applied antibiotics in veterinary medicine.
These compounds form metal(ll) complexes of
various compositions and structures depending on
the antibiotic form used in the synthetic procedure
(acidic or sodium) and on the nature of the metal(ll)
ion [2-9]. To the best of our knowledge there are no
literature data regarding any toxicology information
about metal(ll) complexes of polyether ionophores.
The following compounds were used in the present
study:
- sodium monensin (MonNa), [Mn(MonNa),Cl,],

[Co(MonNa),Cly],

- monensic acid (MonH),
[Zn(Mon)2(H20)],

- sodium salinomycin (SalNa), [Mg(Sal),(H,0),],
[Ca(Sal)>(H20).], [Co(Sal)2(H:0)] and
[Zn(Sal)z(H20).].

The complexes of sodium monensin with Mn(ll)
and Co(ll) have distorted tetrahedral geometry,
while the rest of the divalent metal compounds are
isostructural with an octahedral environment of the
metal(Il) ion.

[Co(Mon),(H,0)],

Table 1. LDs, of monensin, salinomycin and some of their metal complexes (ICR mice, per 0s, 24 h treatment)

LDs, (confidence interval)

Compound

mg / kg b.w. pumol / kg b.w.
MonNa ™ > 100 > 144
[Mn(MonNa),Cl,] >79.4 > 52
[Co(MonNa),Cl,] >31.6 >21
MonH 87.0 (63-120) 130 (94-179)
[Co(Mon),(H,0),] >31.6 > 22
[Zn(Mon),(H,0),] 34.2 (23-51) 24 (16-35)
SalNa 21.6 (15-32) 28 (19-41)
[Mg(Sal),(H,0),] 25.8 (21-32) 17 (13-21)
[Ca(Sal),(H,0),] 20.5 (17-25) 13 (11-16)
[Co(Sal),(H,0),] 44.7 (38-60) 27 (23-37)
[Zn(Sal),(H,0),] 108.0 (73-160) 67 (46-100)

“"» _to be precisely determined
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Table 2. Representative biochemical indices of survivals (ICR mice, per 0s, 72 h treatment)

Compound n'aoflf' ALB, T/FI’_' AST, ALT, ALP, LDH, CR, erJnF;'IE/'L
P bgwg gL ¢ UL UL UL UL  umolL
20.0 36.6 ; 640 91 362 1435 434 -
25.0 29.4 - 173 68 203 1888 - -
[Mg(Sal)(H0).] 576 33.0 ; 385 83 330 905 62.2 .
50.1 28.1 - 510 93 391 1750 - -
10.0 358 ; 178 58 228 796 - -
126 343 600 240 95 216 - 665  12.7
15.8 348 645 173 73 316 - 605 115
20.0 43.7 - 175 95 219 954 372 -
[Ca(Sal)(H0).] 25.0 403 556 280 108 317 1571 40.4 10.2
316 379 511 705 305 412 - 441 -
398 346 634 255 70 129 - 553  13.9
50.1 50.3 - 385 170 324 1255 431 -
Controls 32- 150- 695-
23-34 50-74 95474 oo ol oo 2159 517

“-“_not determined

The data on the acute toxicity of the compounds
tested are presented in Table 1. As it can be seen,
the most toxic compounds are [Ca(Sal),(H,0),] and
[Mg(Sal)2(H,0),], whereby MonH is the least toxic
among all substances studied with precisely
determined LDs, values. It should be mentioned
that Zn(1l) analogues of monensin and salinomycin
differ significantly in their toxicity, as compared to
the starting antibiotics. Thus monensic acid is five
times less toxic than [Zn(Mon),(H,0),], while
sodium salinomycin possesses two-fold increased
acute toxicity if juxtaposed with [Zn(Sal)2(H,0),].

The clinical signs of the treated animals depend
both on the type and concentration of compounds
studied. The death of animals treated with MonH
and MonNa is not accompanied by any behavior
changes and other symptoms, while the treatment
with  [Zn(Mon),(H,0),] leads to adynamia,
bradypnea, loss of postural reflex, clonic seizures.
The treatment with low doses of SalNa during the
first 2-3 hours is accompanied by increased
physical activity, while at high doses decreased
physical activity and tachypnea were observed.
Later ataxia, loss of postural reflex and aggressive
behavior in survived animal groups were noticed.
The compounds [Co(Sal),(H,0),] and
[Zn(Sal),(H,O),] do not provoke significant
changes in the animal status at the beginning — the
animals are agitated with increased physical
activity.  After several hours, considerable
alterations are noted — mice become oppressed,
drowsy and lose postural reflex. In the group
treated with [Mg(Sal),(H,0O),] and [Ca(Sal),(H,0).]
tremor, disorientation and ataxia are observed. All

clinical signs of toxicity are indicative for central
nerve system (CNS) toxic effect of high doses of
antibiotics administered (acute toxicity).

Salinomycin complexes with ions of Mg(Il) and
Ca(ll) showed highest toxicity, and for that reason
we studied their effect on animals by additional
biochemical assays using survivals. For this
purpose a three-day treatment was applied with the
same dose of the given compound used during
acute toxicity experiments. Representative data on
the parameters tested (ALB, TP, AST, ALT, ALP,
LDH, CR, URE) upon treatment with salinomycin
complexes are summarized in Table 2.

From the clinical chemistry results obtained it
can be concluded that 72 h treatment (once per day)
with salinomycin metal(Il) complexes does not
significantly influence most of the paraclinic
laboratory parameters of the treated animals and the
differences with the control group are not
significant. The normal serum creatinine and urea
values are indicative that there is no acute kidneys
damage displaying renal insufficiency. Increased
ALB in the group treated with [Ca(Sal),(H,0),] can
result from dehydration of the animals (referred to
behavior changes of intoxicated animal) followed
by subsequent hemoconcentration. The increased
AST values measured for some animals suggest
possible myocardial damage when salinomycin
complexes were applied because the toxicity
mechanism of the tested compounds is related to
ion-channel disturbances in the myocardium.
However, more detailed studies on the myocardium
toxicity related to high doses of these compounds
must be performed combined with histological
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studies. The liver function seems to be intact for the
period of testing without serious disturbances.

From the biochemical analyses performed it can
be concluded that a three-day treatment with Mg(ll)
and Ca(ll) complexes of salinomycin does not
affect liver and Kkidneys functions. Possible
myocardium dysfunction is suggested, but to have
more deep insights into the mechanism of toxicity
resulting from application of antibiotics complexes,
a prolonged treatment (chronic/sub-chronic toxicity
studies) should be performed.

CONCLUSION

The LDs, values of monensin, salinomycin and
their metal complexes were determined on ICR
mice. The data showed that the least toxic
compound among the substances studied is
monensic acid, whereby the Ca(ll) and Mg(ll)
complexes of salinomycin are the most toxic ones.
The 72 h treatment of animals does not
significantly change most of the biochemical
parameters. From the clinical signs of toxicity
observed and based on the preliminary biochemical
data obtained it can be suggested that the lethal
outcome is associated with CNS toxicity and breath
insufficiency.

Acknowledgement: The authors are grateful to
Sofia University Fund for Science Research for the
financial support of this work (grant 068/20009,
project leader Ju. lvanova).
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IN VIVO TOKCUYHOCT HA MOHEH31H, CAJIMHOMUIINH
N TEXHU METAJIHU KOMIUIEKCHU (ITPEJIBAPUTEJIHO N3CJIEIBAHE)

B. H. Atanacos®”, C. C. Croiikosa®, 5I. A. Topanosa®, A. H. Hemwxku6 °, JI. I1. Tanuesa ,
10. M. I/IBaHOBad, U. H. [Tanuyepa ®

‘

& Jlabopamopus no 6UOKOOPOUHAYUOHHA U OUOAHATUMUYHA XUMUSL, Kameopa ,, Anarumuyuna xumus “,
Daxynmem no xumus u papmayus, Cogpuiicku ynusepcumem “Ce. Knumenm Oxpuocku”, Cogus
® Knunuxa no cnewna moxcukonoeus, Boenno-weouyuncka akademus, Cogus
¢ Uncmumym no nespobuonoeus, Bvieapcka axademus na naykume, Coghus
¢ Kameodpa no xumus, buoxumus, ¢pusuonozus u namogusuonozus, Meouyuncku gpaxyimem,
Coguiicku ynusepcumem “‘Ce. Knumenm Oxpuocku”, Cogus

TlocTenmna Ha 8 oxroMBpy, 2012 r.; npuera Ha 7 stHyapu, 2013 T.

HW3cnenBana € ocTpaTa TOKCHYHOCT Ha TOJHETEPHUTE HOHO(DOPH MOHEH3WH, CATMHOMHIIMH H KOMIUIEKCHTE MM C
Na(l), Mg(ll), Ca(ll), Mn(l1), Co(Il), Zn(ll) Bepxy muriku, nopoaa ICR. YcTaHOBEHO €, 4e OT TECTBAHUTE ChEIUHEHHUS
Ca(ll) 1 Mg(ll) komIuTeKCH Ha CaTHHOMHIIMH Ca HAal-TOKCHYHH Che cToiHOCTH 3a LDsy 20.5 mg/kg b.w. (13 pmol/kg
b.w.) u 25.8 mg/kg b.w. (17 pumol/kg b.w.), ceotBeTHO. IIpeaBapuTenHaTa OlleHKa MOKa3a, ye TPHIHEBHOTO TPETUPAHE
¢ moJueTepHH HOHOMOPHH aHTHOHOTHIIM M TEXHUTE KOMIUIEKCH HE BOIH JI0 CHIICCTBEHH MPOMEHU B OHMOXMMHIHHTE
MOKa3aTeNy Ha MPEKUBEIUTE KUBOTHH.
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Syntheses, structural and biological studies of Mn(1l), Cu(ll), Zn(ll), Fe(l11) and
MoO,(VI) complexes of a tridentate OOS donor thiazolidin-4-one
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A new thiazolidinone, N-(2-hydroxymethylphenyl)-C-(3'-carboxy-2'-hydroxyphenyl)thiazolidin-4-one, LH3 (I) has
been synthesized by the cyclization of a dry benzene solution of the Schiff base, N-(2-hydroxymethylphenyl)-3'-
carboxy-2'-hydroxybenzylideneimine with mercaptoacetic acid. A methanolic solution of I reacts with Mn(ll), Cu(ll),
Zn(I1), Fe(111) and MoO,(V1) ions and forms the coordination compounds, [Mn(LH)(MeOH);], [M'(LH)(MeOH)] [here
M' = Cu (1), Zn(Il), MoO,(VI)] and [FeCI(LH)(MeOH),]. All the coordination compounds are monomeric in nature.
The coordination compounds have been characterized on the basis of elemental analyses, molar conductance, molecular
weight, spectral (IR, NMR, reflectance, ESR) studies and magnetic susceptibility measurements. | behaves as a dibasic
tridentate OOS donor ligand in these compounds. The compounds are non-electrolytes (Ay = 6.1-13.5 mho cm?® mol™)
in DMF. A square-planar structure for [Cu(LH)(MeOH)], a tetrahedral structure for [Zn(LH)(MeOH)] and an
octahedral structure for the remaining compounds are suggested. The compounds were screened for antimicrobial
activity.

Keywords: thiazolidin-4-one, monomeric, gram positive, magnetic susceptibility, strong field and covalent

character
INTRODUCTION

Thiazolidin-4-ones are a traditionally known
class of biologically active compounds. They have
played an important role in medicinal chemistry.
Moreover they have been studied extensively
because of their ready accessibility, diverse
chemical reactivity and broad spectrum of
biological activity [1]. In recent years, a large
number of innovative drugs containing the
thiazolidinone moiety have been developed,
including hypoglycemic thiazolidinediones
(pioglitazone and its analogs), dual COX-2/5-LOX
inhibitors (darbufelon), new generation diuretics
(etozolin) etc [2].

Metal complexes play an important role in plant
and animal life due to their physico-chemical and
biological properties. Organosulphur compounds,
in the form of their metal complexes, exhibit a wide
range of biological properties. Heavy metals in
traces are essential for all forms of life. Heavy
metals like Cu, Fe, Mo and occasionally Mn assist
oxidation-reduction equilibria while those like Zn
and Mn are concerned with hydrolytic processes
[3]. However, coordination metal complexes are
gaining increasing importance in the design of
respiratory, slow release and long acting drugs.

* To whom all correspondence should be sent:
E-mail: amit_vashistha2004@yahoo.co.in

Metal ions are therefore known to accelerate drug
actions. The efficacies of some therapeutic agents
are known to increase upon co-ordination [4]. Some
metal complexes are known to exhibit remarkable
antitumour, antifungal, antiviral and special
biological activities [3].

Thiazolidin-4-ones, a saturated form of thiazole
with carbonyl group on fourth carbon, possess
almost all type of biological activities like
antitubercular [5], antibacterial [6], anticonvulsant
[7], antifungal [8], amoebicidal [9], antioxidant
[10], pesticidal [11], antiviral [12] and antitumour
[13].

Due to this, the investigation of chemistry and
biology of these compounds continue to appeal the
synthetic and medicinal organic chemists. A perusal
of the literature reveals that much has been reported
on the syntheses and characterization [14] of a
variety of thiazolidin-4-ones, relatively little is
known about their coordination compounds [15,
16].

Keeping this in mind, it was worth while to
synthesize and characterize a new thizaolidinone,
N-(2-hydroxymethylphenyl)-C-(3'-carboxy-2'-
hydroxyphenyl)thiazolidin-4-one, LH; (I) and its
coordination compounds with Mn(ll), Cu(ll),
Zn(11), Fe(111) and MoOy(VI) ions.

© 2013 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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[Schiff base]

EXPERIMENTAL

Materials
0-Aminobenzylalcohol [Aldrich];
manganese(ll) acetate tetrahydrate, iron(llI)

chloride (anhydrous) [Sarabhai]; copper(ll) acetate
monohydrate, zinc(ll) acetate dihydrate [SD’s
Fine]; ammonium molybdate(VI) tetrahydrate,
methanol, ethanol, mercaptoacetic acid, dry
benzene, sodium bicarbonate [Ranbaxy] were used
as supplied for the syntheses. 3-formylsalicylic acid
and  Dbis(acetylacetonato)dioxo-molybdenum(V1)
were synthesized by following the reported
procedures [17].

Analyses and physical measurements

The organic skeleton of the respective
coordination compounds was decomposed by the
slow heating of ~ 0.1 g of the latter, with conc.
HNO;. The residue was dissolved in minimum
amount of conc. HCI and the corresponding metal
ions were estimated as follows: The Mn(ll) and
Zn(Il) contents of the respective coordination
compounds were estimated by complexometric
titration method against standardized EDTA
solution using eriochrome black-T and xylenol
orange as the indicators respectively. The Cu(ll)
contents was estimated iodometrically against a
standard solution of sodium thiosulphate to the
starch end point. The Fe(lll) ions were reduced to
Fe(Il) ions with aqueous SnCl, and then estimated
against standard K,Cr,0O; solution using N-
phenylanthranilic acid as an indicator. The
molybdenum contents was estimated
gravimetrically after decomposing the given
MoO,(VI) compound with a few drops of conc.
HNO; and conc. H,SO, and then igniting the
residue in an electric Bunsen at 500 °C. MoO;
obtained was dissolved in 6N NaOH and then
molybdenum  was  estimated as  bis(8-
hydroxyquinolinato)dioxo-molybdenum(VI). The
C, H and N contents of LH; and its coordination
compounds were determined by CHN Eager
analyzer model-300. The S and CI contents were

Ho H
Hoc”
|
o
s ¢c
¢
N HO \c/\o
H” \H
(1

estimated gravimetrically as BaSO, and AgCl
respectively. The molecular weight measurements
were carried out by the Rast method using diphenyl
as the solvent [18] The molar conductances (Ay) of
the coordination compounds were measured in
DMF with the help of a Toshniwal conductivity
bridge (CL01-02A) and a dip type cell calibrated
with KCI solutions. The ESR spectrum of
[Cu(LH)(MeOH)] was recorded at liquid nitrogen
temperature in polycrystalline solids on a Varian
V4502-12 X-band ESR spectrophotometer with 100
KHz modulation using diphenylpicrylhydrazide as
a g-marker and monitoring the frequency with
frequency meter. The IR spectra were recorded in
KBr pellets (4000-400 cm) on a Beckman-20
spectrophotometer. The reflectance spectra were
recorded on a Beckmann DU spectrophotometer
attached with a reflectance arrangement. The
magnetic susceptibility measurements were carried
out at room temperature, using Hg[Co(NCS),] as
the standard [19]. The diamagnetic corrections were
computed using Pascal’s constants. The magnetic
susceptibilities were corrected for temperature
independent paramagnetism term (TIP) [19] using
value of 60 x 10° cgs units for Cu(ll), zero for
Mn(I1) and Fe(lll) ions.

Synthesis of N-(2-hydroxymethylphenyl)-3'-
carboxy-2'-hydroxybenzylideneimine (Schiff
base). A MeOH solution (30 mL) of o-
aminobenzylalcohol (1.23 g, 10 mmol) was added
to a MeOH solution (30 mL) of 3-formylsalicylic
acid (1.66 g, 10 mmol) and the mixture was then
refluxed for 1 h. The precipitates formed were
suction filtered, washed with MeOH and dried in
vacuo at room temperature over silica gel for 24 h.
Yield = 58%. The elemental analyses of the
compound gave the satisfactory results.

Synthesis of N-(2-hydroxymethylphenyl)-C-(3'-
carboxy-2'-hydroxyphenyl)thiazolidin-4-one, LH;
(). A dry benzene solution of the Schiff base (2.71
g, 10 mmol) and mercaptoacetic acid (0.92 g, 10
mmol) were refluxed for 12 h on a water bath. The
mixture was cooled to room temperature and then
was washed with 10% sodium bicarbonate solution.
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The benzene layer was separated using a separating
funnel. The partial evaporation of the benzene layer
gave a solid product, which was filtered, washed
with and recrystallized from petroleum ether. The
compounds were dried as mentioned above. Yield =
14%. Anal: (I, C;;H5sNOsS) (obsd: C, 58.91%; H,
4.37%; N, 4.12%; S, 9.11%. calc.: C, 59.13%; H,
4.35%; N, 4.06%; S, 9.28%); IR bands (KBr): 2860
cm™ [v(O-H)(intramolecular H-bonding)], 1710
cm™® [v(C=0) (thiazolidinone ring)], 1675 cm™
[v(C=O)(carboxylic)], =~ 1570  cm™  [v(C-
N)(thiazolidinone  ring)], 1520 cm® [v(C—
0)(phenolic)], 1225 cm™ [v(C-O)(alcoholic)], and
830 cm™ [v(C-S)(thiazolidinone ring)].

Syntheses of coordination compounds of 1. A
MeOH solution (30-50 mL) of the appropriate
metal salt (10 mmol) was added to a MeOH
solution (50 mL) of I (3.45 g, 10 mmol) and the

Schiff base

mixture was then refluxed for 3-4 h. The solid
products formed were suction filtered, washed with
and recrystallized from MeOH and were then dried
as mentioned above. Yield = 50-75%.

RESULTS AND DISCUSSION

A dry benzene solution of the Schiff base reacts
with  mercaptoacetic acid and forms N-(2-
hydroxymethylphenyl)-C-(3'-carboxy-2'-
hydroxyphenythiazolidin-4-one, LH3; (I). The
reaction of | with appropriate metal salt in 1:1
molar ratio in MeOH produces the coordination
compounds, [Mn(LH)(MeOH);], [M'(LH)(MeOH)]
[where M' = Cu(ll), zZn(ll), MoO,(VD)] and
[FeCI(LH)(MeOH),]. The formations of | from the
Schiff base and the coordination compounds of |
take place according to the Schemes 1 and 2.

HS-CH, COOH

dry benzene

>
>

Scheme 1: Preparative scheme of LH;3 (1)

MeOH

LH;+ Mn(OAC)24H20 T) [Mn(LH)(MeOH)3]+ 2AcOH + 4H,0
enux

MeOH

LHs;+ M'(OAc), yH,0 T} [M'(LH)(MeOH)] + 2AcOH + yH,0
[M'= Cu(ll), Zn(11), MoO,(V1)]

MeOH

LH;+ FeCls T) [FeCI(LH)(MeOH),] + 2HCI
eflux

Scheme 2: Preparative schemeof coordination compounds of LH; (1)

The coordination compounds are air-stable at
room temperature. They are insoluble in H,O,
partially soluble in MeOH, EtOH and completely
soluble in DMSO and DMF. Their molar

nature. The analytical data of I and its coordination
compounds are presented in Table 1.

Infrared spectral studies

The infrared spectra of the Schiff base, |1 and the
coordination compounds of the latter were recorded
in KBr and the prominent peaks (in cm™) are shown

conductance measurements (Ay = 6.1-13.5 mho
cm? mol™) in DMF indicate their non-electrolytic

in Table 2
Table 1. Analytical, molar conductance (Ay) and molecular weight data of | and its coordination compounds.
Compound Mol. formula C/r;'\z" ,(\;In Or}-ol) Ob'\SAdOI.(C\Qﬁ:d) v C Oblid(caICd)O/,o\l S
LHs (1 CurkisNOsS - (33;5?;) - (gg:%) (3%) (j:(l)é) (géé)
[MA(LH)(MeOH)]  MCusNois 61 @R aim ase e 21 &
[Cu(LH)(MeOH)] CuC1sH1INOsS 96 s (ij:ig) (jg:gg) é;ig‘) (22(1)3) (;:gg)
[Zn(LH)(MeOH)] ZnCisHirNOsS 8.2 (i%f) (ﬂ;g) (ig:gg) (gigg) (2:(1’2) (;é%
FeCI(LH)(MeOH),] FeC1sH»NO; SCI 135 (‘1'1%%55; (ﬂ:g;) (jg:‘;i) (3:;‘1‘) é:g‘l‘) (g:i;)
[MoO,(LH)(MeOH)] MoCi5H1/NOsS 7.1 é%é%b) (ig:g% (g:;é) é:gg) é:gg) (gigé)

Abbreviations: 2Mass spectral data, "Rast method data
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Table 2. IR, reflectance spectral data (cm-1) and magnetic moments of the coordination compounds of |

Compound vas(CO0)  v(COO) (pvh(ecn'gi)c) Vg): (Kﬁgé% Vmax ngl\%h)t
LH;(1) - - 1520 830 - - Diarr;agn'etic
[M(LH)(MeOH);] 1562 1350 1525 815 o7 /'0) 22380, 5.84
[Cu(LH)(MeOH)] 1560 1335 1530 800 974 17240 1.89
[Zn(LH)(MeOH)] 1567 1352 1527 805 964 - Diamagnetic
[FeCILH)(MeOH),] 1572 1352 1528 812  o9go 200023300 5.85
[MOO,(LH)(MeOH)] 1577 1365 1525 795 969 _ Diamagnetic

The Schiff base exhibits the
v(C=N)(azomethine) stretch at 1640 cm™. This
band disappears in | and a new band appears at
1570 cm™ due to the v(C—N)(thiazolidinone ring)
stretch [20] indicating the conversion of the
Schiff base into I. The formation of 1 is further
supported by the appearance of a new band at 830
cm™ due to the v(C-S)(thiazolidinone ring) stretch
[21]. A negative shift of 15-35 cm™ of the v(C—
S)(thiazolidinone ring) stretch in the coordination
compounds indicates the involvement of the S atom
of the thiazolidinone moiety towards coordination
[22]. 1 shows the v(C=O)(thiazolidinone ring)
stretch [23] at 1710 cm™ This band remains
unchanged in the coordination compounds
indicating the  non-involvement of O atom
towards the coordination. The v(C-O)(alcoholic)
stretch [24] of | occurs at 1225 cm™ which
remain unchanged in the complexes. | exhibits a
strong band at 2860 cm™ due to the intramolecular
H-bonded OH group of phenolic and/or carboxylic
acid moieties [25]. This band disappears in the
coordination compounds indicating the breakdown
of H-bonding and subsequent deprotonation of the
OH group followed by the involvement of phenolic
and carboxylic acid O atoms towards coordination.
The presence of a broad band at ~ 3400 cm™ due to
v(O-H)(MeOH) and the decrease of v(C-
0)(MeOH) stretch from 1034 cm™ to lower energy
by 54-70 cm™ in the coordination compounds of 1
indicate the involvement of the O atom of MeOH
towards coordination [26]. The appearance of two
new bands between 1560-1577 cm™, v,(COO) and
1335-1365 cm™, v{(COO) stretches indicate the
presence of the coordinated carboxylate group in
the coordination compounds. The energy difference
(Av = 212-225 cm™) between these stretches is >
210 cm™ which indicates the monodentate nature of
the carboxylate moiety [27]. The v(C-O)d stretch
[26] of I occurs at 1520 cm™. This band shifts to
higher energy by 5-10 cm™ in the coordination
compounds inicating the involvement of phenolic O

atom of 3-formylsalicylic acid moiety towards
coordination. The absence of a band between 820-
860 cm™ in [FeCl(LH)(MeOH),] precludes the
presence of the (Fe—O—Fe) bridged structure [28].
[M0oO,(LH)(MeOH)] exhibits the v{(O=Mo0=0) and
va(O=M0=0) stretches at 945 and 908 cm™
respectively [29]. These bands occur in the usual
ranges: vs(O=Mo0=0) stretch, 892-964 cm™ and
va(O=Mo0=0) stretch, 842-928 cm™, reported for
the majority of MoOy(VI) compounds. The
presence of two bands due to the v(O=Mo=0)
stretch is indicative of a cis-MoO, configuration as
the compound with trans-MoO, structure shows
only v,s(O=Mo=0) stretch since the vs(O=Mo0=0)
stretch is IR inactive [30]. The absence of a band at
~775 cm™ in the MoO,(VI) compound indicates the
absence of an oligomeric chain  with
+*Mo---Mo---Mo--- interaction [31]. The new non-
ligand bands in the present coordination
compounds in the low frequency region are
assigned to the v(M-0)(550-570 cm™) and the
v(M-S)(345-375 cm™) and these bands [32] are in
the expected order of increasing energy: v(M-S)<
v(M-0).
NMR Spectral Studies

The NMR spectra of | and [Zn(LH)(MeOH)]
were recorded in DMSO-ds. The chemical shifts (&
) are expressed in ppm downfield from TMS. The
prominent resonance signals of these compounds
were compared with the reported peaks [33]. |
exhibits a singlet at 517.5 ppm due to the
carboxylic proton, a sharp singlet at & 13.60 ppm
due to phenolic proton, a singlet at § 2.35 ppm due
to alcoholic proton, multiplets due to methylene
protons at & 4.70-4.79 ppm, multiplets between &
7.34-7.50 ppm due to the aromatic protons. The
occurrence of the resonance signal at the same
frequency (6 2.35 ppm) due to alcoholic proton
(CH,OH) indicates the non-involvement of the
alcoholic group towards coordination. The absence
of the signal at §17.5 ppm due to the COOH
proton in  [Zn(LH)(MeOH)] indicates the
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deprotonation of the COOH group, followed by the
involvement of its O atom in coordination. The
absence of the resonance signal at § 13.60 ppm due
to the phenolic proton in [Zn(LH)(MeOH)]
indicates the deprotonation of the phenolic OH
group followed by its involvement in coordination
[34]. The appearance of resonance signals at 2.81-
2.85 ppm due to alcoholic proton and at 3.0-3.1
ppm due to methyl protons in the coordination
compound supports the presence of MeOH in it.

Reflectance spectral studies

[Mn(LH)(MeOH);] exhibits three bands at
17460, 22380 and 25280 cm™ due to °A; —
Ti(G), Ay — T(G) and Ay — “Ayy(G)
transitions,  respectively in an  octahedral
environment [35]. The presence of an asymmetric
broad band at 17240 cm™ due to the “Bg — Ay,
’B,, and ’E, transitions in [Cu(LH)(MeOH)]
suggests a square-planar arrangement of I around
Cu(Il) ion [36]. The absence of a band in the range
8000-10000 cm™ precludes the presence of a
tetrahedral structure. [FeCI(LH)(MeOH),] exhibits
three bands at 12500, 15900 and 24300 cm™ due to
6Alg — 4T1g(G), 6Alg — 4ng(G) and 6Alg — 4Alg(G)
transitions,  respectively in an  octahedral
environment [37].

Magnetic measurements

The room temperature magnetic moments of the
coordination compounds of | are presented in Table
2. The magnetic moments of [Mn(LH)(MeOH)s],
[Cu(LH)(MeOH)] and [FeCl(LH)(MeOH),] are
5.84, 1.89 and 5.85 B.M. respectively. These values
are indicative of the magnetically dilute high-spin
octahedral coordination compounds of Mn(ll) and
Fe(lll) ions [38]. The coordination compounds of
other ions are diamagnetic.

ESR Studies

[Cu(LH)(MeOH)] exhibits two g values (g, =
2.25, g; = 2.09) and this indicates the presence of
tetragonal type symmetry about the Cu(ll) ions
[39]. The spin Hamiltonian parameters are: A; =
1.683 x 107 cm™, A, = 4.49 x 10° cm™, G = 2.73,
ag, =079, (a)*=0.27, x = 0.58 and Py = 1.58 x

10? cm™. The data indicate that g;> g, and Aj> A,
which are indicative of the presence of the unpaired

electron in the dxz_y2 orbital [19]. For ionic

environments, g; is normally > 2.3 and is < 2.3 for
covalent environments. The g; value (2.25)
indicates that the metal-ligand bonding in the
compound is covalent. For tetragonal Cu(ll)
compounds, if G is less than 4.0, the ligand forming
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the Cu(ll) compound is regarded as a strong field
ligand. G value (2.73) indicates the strong field
nature of the ligand. The in-plane covalence

parameter (ocf:u) has been calculated using the
relation: o2, = (g — 2.002) + 3/7 (g, — 2.002) —
(A;/0.036) + 0.04, where ais related to the overlap
integral (S) according to the relation [40]: o —
200'S + (o')® = 1. The values of a2, (0.79) and o?
(0.35) indicate its covalent nature. The smaller the
value ofa?,, the more covalent is the bonding;

aZ, =1 indicates completely ionic bonding, while
aZ, = 0.5 indicates completely covalent bonding.

The larger the value of a2, the more covalent is the
bonding; o> = 0 suggests a complete ionic bonding
[19]. The symbol P4 represents the Fermi contact
contribution (A) to the coupling, where Py is the
dipolar contribution. The value of P4 and x have
been calculated using the relation [39]: Pyq=—(A; —
A, )/0.78 and « = — 0.48 — (A}/Pg). The positive
value of « suggests that A, should be greater than
A, and it has also been observed by us. The lower
value of Py in comparison to that of the free ion
value (3.5 x 10 cm™) indicates the presence of
covalent character between the metal-ligand
bonding. The absence of any band ~1500 G due to
the AMs = 2 transition precludes the presence of
M-M interaction.
Antimicrobial Activity

The antimicrobial activity of the ligand and
the complexes were tested against two selected
bacterias which include E.Coli (Gram Negative)
and S. aureus (Gram positive) by using disc-
diffusion method. Stock solution was prepared by
dissolving compounds in DMSO. Under aseptic
conditions, plain sterilised discs were soaked in
solution of compounds for overnight. Test culture
was spread over the plates containing Mueller
Hinton Agar (MHA) by using sterile swab.
Inoculated plates were dried for 30 minutes and
discs were placed on these inoculated plates. The
plates were left for 30 minutes at room temperature
to allow diffusion. The plates were then incubated
at 37 °C for 24-48 hours. After incubation diameter
of zone of inhibition was noted on each disc.

As we consider all results obtained from
antibacterial tests we can say that the entire
compounds tested are active towards both gram
positive and gram negative bacteria. The metal
complexes are more active than the parental ligand.



D. Kumar et al.: Syntheses, structural and biological studies of Mn(11), Cu(ll), Zn(ll), Fe(I11) and MoO,(VI) complexes of .....

Table 3. Antimicrobial activity of Ligand (I) and its
Coordination compounds (zone of Inhibition in mm)

CONCLUSIONS
Thus, on the basis of analytical data, valence

E. coli S. aureus requirements, molecular weight, spectral and the
Compound (Gram (Gram magnetic studies, it is proposed that | behaves as a
RN negaltllve) posugve) dibasic tridentate OOS donor ligand in the square-
[MI’SI((L)H)(MGOH)] 8 9 planar coordination compound, [Cu(LH)(MeOH)]
[Cu(LH)(M eOH)]3 6 19 (1), in  the  tetrahedral ~ compound,
[Zn(LH)(MeOH)] 10 10 [Zn(LH)(MeOH)] (“l) and in the octahedral
[FeCI(LH)(MeOH),] 8 11 compounds, [Mn (LH)(MeOH);] (1V),
[MoO,(LH)(MeOH)] 12 14 [FeCI(LH)(MeOH),] (V) and [M0oO,(LH)(MeOH)]
(VI).
n
H,
AP /Z” Lon
Va . \ 2
A S c 3 \ c
. ~ — \ (6]
O’:_{_C_Lf>o'/ T / /,\S/ \C//
CH,OH C 0
o ’ 7 CH,OH
c—N —n
H H
[11, A = MeOH] [111, A = MeOH]
gz
H, A 0
AL R0 A é(; """ 57 N7
,,/A'\'d,,'n';;,s c 0=
0'4.1_50' \C cl
ol A CH,OH 4 CH:0H
7 o
C—N
g |
H H
[IV, A = MeOH] [V, A = MeOH]
H,
0 C
0o S/ \C//O
/// \\Mo///
0/4_ el
>/c A CH,OH
o]
(ll—N
H
[VI, A = MeOH]
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CUHTE3H, CPYKTYPHH 1 BUOJIOTMYHU U3CIIEJBAHNS HA KOMITIEKCH HA Mn(Il),
Cu(ll), Zn(11), Fe (1) ¥ MoO,(VI) C IOHOP OT TPUJIEHTAT-4-OH

JI. Kymap', A. Kymap®*, I1. Jlac®

Ylenapmamenm no xumus, Hayuonanen mexnonoeuuen uncmumym, Kypyxuempa 136119, Xapusana, Hnous
2,ZZemzpmaJwe)Ltm no xumus, Konexc no mexnonoeus u ynpasnenue ¢ Xapusna, Kauman 136027, Unous
* llenapmamenm no xumus, Uncmumym no unocenepcmeo u mexnonozus ,, Llpu KpuwnanKypykwempa 136118,
Xapusna, Hnous

[ocrermna wa 7 sayapu 2013 r.;.kopurupana Ha 4 ssHyapu 2014 T.
(Pe3stome)

Cunresnpan e HOB THazonuauHoH N-(2-xumpoxkcumernngpennn)-C-(3'-kapOokcn-2'-XuapoKcu(eHIIT) THA30TH AN H-4-
o, LH; (1) wupes 1mxmsupanero Ha Iludosa 6Gaza (N-(2-xumprcumermiadenmnn)-3'-kapOookcu-2'-
XAAPOKCHOCH3MINICHUMIH) C MEpPKanTo-OlleTHA KucennHa. MetanomoB pa3tBop Ha | pearupa ¢ moru Mn(lIl), Cu(ll),
Zn(I1), Fe(111) 1 MoO,(VI) n o6pasysa koopaunaimonu ceeaunaerust, [Mn(LH)(MeOH);], [M'(LH)(MeOH)] [tyk M' =
Cu (I1), Zn(ll), MoOy(VN] u [FeCI(LH)(MeOH),]. Bcuuki KOOpIMHAIMOHHH CheAWHEHHs ca MoHOMepu. Te ca
oxapakTepu3WpaHd Ha 0a3ara Ha CJIEMCHTHH aHalW3W, MOJIAPHA MPOBOANMOCT, MOJIEKYJIHA Maca, CICKTPaIHH
uscnenBanus (IR, NMR, orpaxarenuu cnekrpu, ESR) u marautHus cycuentubummureT. | ce oTHacs KaTo ABY-OCHOBEH
tpunentaren OOS oHOpeH Urany B Te3u cheauHeHns. ChenHeHusTa ca He-enekrpoauru (Ay = 6.1-13.5 mho cm?
mol™) 8 DMF. Ipemtoxenn ca KBagpaTHO-ITaHapHa cTpykTypa 3a [Cu(LH)(MeOH)], Tetpaeapuuna ctpykrypa 3a
[Zn(LH)(MeOH)] u oktaenpuyHa 3a oCcTaHANIUTE CheMHEHHA. Te ¢ H3ciaeBaHu 32 AaHTUMUKPOOHA aKTHBHOCT.
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The benzimidazole nucleus has a significant importance in medicinal chemistry and many benzimidazole-containing
compounds exhibit important biological activities. In the present study, synthesis, spectral studies and biological
evaluation of nine novel benzimidazole derivatives were investigated. The structures of the synthesized compounds

1 13
were characterized by IR, H-NMR, C-NMR, Mass spectroscopy and CHN elemental analyzer and the target new
synthesized compounds (1c-9c) screened for antibacterial activity against various strains of Escherichia coli and
Staphylococcus aureus and antifungal activity against Candida albicans.

Keywords: Benzimidazole, Antibacterial activity, Antifungal activity, Gram-positive bacteria, Gram-negative

bacteria.
INTRODUCTION

Infectious microbial diseases remain pressing
problems worldwide, because resistance to a
number of antibiotics agents among variety of
clinically significant species of microorganisms has
become an important global health problem. One
way to battle with this challenge is the conscious
usage of the currently marketed antibiotics and the
other is the development of novel drugs. They are
natural and synthetic heterocyclic compounds and
classified by medicinal chemists as the privileged
sub-structures for drug design. In light of the
affinity, they display towards a variety of enzymes
and protein receptors [1] i.e., as selective
neuropeptide YY1 receptor antagonists [2-5], 5-li-
poxygenase inhibitors for use as novel anti-allergic
agents [6], factor Xa (FXa) inhibitors [7], poly
(ADP-ribose) polymerase (PARP) inhibitors [8]
and as human cytomegalovirus (HCMV) inhibitors
[9]. A wide variety of Benzimidazole derivatives
are known for their chemotherapeutic importance
and antimicrobial [10-15], antifungal [16-18], anti-
inflammatory [19] and antioxidant [20-24]
activities in this context. Because of their wide
range of pharmacological activities and industrial
and synthetic applications, several methods have
been reported in the literature for their synthesis
and biological evaluations. Traditionally, the
synthesis of  benzimidazoles involves the
condensation  of  o-phenylenediamine  with
aldehydes and carboxylic acids or their derivatives.

* To whom all correspondence should be sent:
E-mail: ahmadikiau@yahoo.com

These methods include cyclo-condensation reaction
of o-phenylenediamines with carboxylic acids or
derivatives [25-29]. In view of these valid
observations and as a continuation of our work,
prompted us to synthesize new 2-substituted
benzimidazole derivatives ( 1b-9b and 1c-9c)
(Figure 1) and the structures of the synthesized
compounds were characterized by analysis
techniques  and the target  synthesized
compounds (1c-9¢c) were screened for their
antibacterial activity against various strains of
Escherichia coli and Staphylococcus aureus and
antifungal activities against Candida albicans.

EXPERIMENTAL
Material and Equipment

All chemicals and solvents were obtained from
E-Merck and Sigma-Aldrich and used without
further purification. All melting points are
uncorrected and taken with an Electrothermal
melting point apparatus (Electrothermal Eng. Ltd,
Essex, UK). IR spectra were determined in KBr on
a Shimadzu Dr-8031 instrument. The 'H and **C-
NMR spectrums of the synthesized compounds
were measured in DMSO-dg or CDCl; solution and
TMS as the internal standard using a Varian
Mercury 400, 400MHz instrument. All Chemical
shifts were reported as o (ppm) values. The Mass
Spectra were recorded on a LCQ ion trap mass
spectrometer (Thermo Fisher. San Jose.CA, USA),
equipped with an EI source. Elemental analyses
were carried out using a Perkin-Elmer, CHN
elemental analyzer.

© 2011 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Figurel. Structural formulae for intermediates (1a-9a) and final synthesized compounds (1b-9b, and 1c-9c).

Synthesis of Compounds

These compounds (1a-9a) were prepared based
on a known methods with some modification
[30,31].

1H-benzimidazole (1a):

o-phenylenediamine (5.4 g, 0.25 mole) and
formic acid 90% (3.2 g, 0.34 mole) were heated on
water bath for 2 h at 100 °C . The mixture was
slowly cooled, basified with aqueous sodium
hydroxide and the solid compound was obtained,
filtered and re-crystallized from boiling water
(Scheme 1).

(1a: White powder, m.p. 169-171 °C, 92.8%
yield).

2-Methyl-1H-benzimidazole (2a):

o-phenylenediamine dihydrochloride (5.43 g,
0.03 mole) in 20 ml of water and (5.4 g, 0.09) of
acetic acid were heated under reflux for 45 min.
The mixture was slowly cooled, basified with
ammonia solution and the solid compound filtered
and re-crystallized from ethanol (Scheme 1).

(2a: Light beige to brown powder, m.p. 175—
177 °C, 91.8% vyield)

General procedure for the preparation of the
compounds (3a-9a):

o-phenylenediamine (0.055 mol), appropriate
benzoic acid (0.05 mol) and HCI (4N, 25 ml) were
refluxed for 2 h. The reaction mixture was cooled,
poured into crushed ice and the product was re-
crystallized in boiled water (Scheme 1).

2-Phenyl-1H-benzimidazole (3a):

(3a: White to beige-grey powder, m.p. 293-296
°C, 89.1% vyield)

IR (KBr, cm™): 3345, 3060, 2925, 1671, 1444,
1276, 922, 744, 696; ‘H NMR (CDCls, &/ppm):
7.22 (m,2H), 7.48 (m, 5H), 7.58 (s, 1 H), 8.04 (dd,
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6 7 8 9
2H); “C-NMR (CDCl;, &/ppm): 111.6
(benzimidazole, CH=), 122.1 (benzimidazole,

CH=), 135.4 (benzimidazole, C), 149.3 (N-C=N),
134.3 (phenyl, C), 126.8, 129.4 (phenyl, CH=);
Anal. Calcd. for Ci3HgN,: C, 80.33; H, 5.15; N,
14.42 %. Found: C, 80.12; H, 5.08; N, 14.22%j;
MS, m/z: 195 [M+H] *.
2-(4-Chlorophenyl)-1H-benzimidazole (4a):

(4a: White powder, m.p. 301-303 °C, 90.7%
yield)

IR (KBr, cm™): 3369, 2918, 1604, 1515, 1341,
855, 745, 710; 'H NMR (DMSO-ds, 8/ppm): 12.70
(br s, 1H), 8.08 (d, 2H), 7.59 (m, 1H), 7.26 —7.20
(m, 3H), 7.18-7.04 (m, 2H); *C-NMR (CDCl,,
o/ppm): 1115 (benzimidazole, CH=), 119.1
(benzimidazole, CH=), 136.7 (benzimidazole, C),
142.1 (N-C=N), 132.4 (phenyl, C), 130.9 (phenyl,
Cl), 128.8, 129.8 (phenyl, CH=); Anal. Calcd. for
C13HoCIN,: C, 68.21; H, 3.93; N, 12.24 %. Found:
C, 68.12; H, 3.89; N, 12.18%; MS, m/z: 229
[M+H]".

2-(4-Hydroxyphenyl)-1H-benzimidazole (5a):

(5a: White powder, m.p. 240-242 ° C, 91.1%
yield)

IR (KBr, cm™): 3420, 2921, 1610, 1447, 1280,
838, 746; '"H NMR (DMSO-ds, 5/ppm): 8.16-8.22
(m, 2H), 7.21-7.73 (m, 6H), 4.60 (d, 1H); **C-
NMR (CDCl;s, &/ppm): 111.6 (benzimidazole,
CH=), 120.2 (benzimidazole, CH=), 137.8
(benzimidazole, C), 144.1 (N-C=N), 151.9 (phenyl,
OH), 128.4 (phenyl, C), 127.8, 117.8 (phenyl,
CH=); Anal. Calcd. for Cy;3H,ON,: C, 74.28; H,
4.76; N, 13.33 %. Found: C, 74.01; H, 4.65; N,
13.18%; MS, m/z: 211 [M+H]".

2-(4-Nitrophenyl)-1H-benzimidazole (6a):

(6a: Cream powder, m.p. 312-314 °C, 88.4%
yield)
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IR (KBr, cm™): 3369, 3058, 1604, 1515, 1341,
855, 745; 'H NMR (DMSO-ds, &/ppm): 8.00-8.08
(m, 2H), 7.20-7.60 (m, 6H); *C-NMR (CDCl,,
o/ppm): 112.2 (benzimidazole, CH=), 119.2
(benzimidazole, CH=), 138.6 (benzimidazole, C),
1435 (N-C=N), 150.1 (phenyl, NO,), 1444
(phenyl, C), 125.8, 128.6 (phenyl, CH=); Anal.
Calcd. for Ci3HyO,N3: C, 65.27; H, 3.76; N, 17.57
%. Found: C, 65.14; H, 3.69; N, 17.43%; MS, m/z:
240 [M+H] ™.

2-(4-Methoxyphenyl)-1H-benzimidazole (7a):

(7a: White powder, m.p. 225-226 °C, 85.9%
yield)

IR (KBr, cm™): 3675, 3346, 1650, 1548, 1420,
1182, 812, 742; 'H NMR (DMSO-d, 5/ppm): 8.00
— 8.08 (m, 2H), 7.20-7.60 (m, 6H), 3.52 (m, 3H);
BC-NMR (CDCl;, &/ppm): 56.7 (CHj), 111.7
(benzimidazole, CH=), 118.9 (benzimidazole,
CH=), 136.9 (benzimidazole, C), 142.3 (N-C=N),
161.1 (phenyl, OMe), 129.3 (phenyl, C), 113.8,
127.9 (phenyl, CH=); Anal. Calcd. for C14;H;,0ONy:
C, 75.02; H, 5.36; N, 12.51 %. Found: C, 74.91; H,
5.30; N, 12.43%; MS, m/z 224 [M]".

2-(2-Chlorophenyl)-1H-benzimidazole (8a):

(8a: White powder, m.p. 232-234 °C, 86.3%
yield)

IR (KBr, cm™): 3372, 2922, 1599, 1521, 1348,
850, 739, 712; 'H NMR (DMSO-ds, 8/ppm): 8.00—
8.08 (m, 2H), 7.20-7.60 (m, 6H): “C-NMR
(CDCls, o&/ppm): 112.3 (benzimidazole, CH=),
121.1 (benzimidazole, CH=), 135.9 (benzimidazole,
C), 140.9 (N-C=N), 139.4 (phenyl, C), 134.6
(phenyl, CI), 127.8, 128.8, 130.1 (phenyl, CH=);
Anal. Calcd. for C3HoCIN,: C, 68.21; H, 3.93; N,
12.24 %. Found: C, 68.14; H, 3.87; N, 12.15%;
MS, m/z: 228 [M]".

2-p-Tolyl-1H-benzimidazole (9a):

(9a: White to beige-grey powder, m.p. 268-270
°C, 84.9% vyield)

IR (KBr, cm™): 3392, 2919, 1616, 1515, 1384,
1274, 821, 747; 'H NMR (CDCls, &/ppm): 8.00-
8.08 (m, 2H), 7.20-7.60 (m, 6H), 2.60 (m, 3H);
BC-NMR (CDCl;, &/ppm): 21.3 (CHj), 112.4
(benzimidazole, CH=), 119.9 (benzimidazole,
CH=), 138.3 (benzimidazole, C), 145.1 (N-C=N),
138.9 (phenyl, Me), 134.7 (phenyl, C), 128.8, 130.1
(phenyl, CH=); Anal. Calcd. for CyyHi:N,: C,
80.77; H, 5.77; N, 13.46 %. Found: C, 80.65; H,
5.59; N, 13.37%; MS, m/z: 209 [M+H]".

General procedure for the preparation of the
compounds (1b-9b):

A solution of 2-Chloro-4-nitrobenzoyl chloride
(2.2 g, 0.01 mol) in acetone (2.5 ml) was drop wise

added to the solution (25 ml) of benzimidazoles
(1a-9a) (0.01 mol) in NaOH (1g). The mixture was
stirred and heated under reflux for 2 h. After
completion, the reaction was slowly cooled, water
added and the solid compound obtained, filtered,
dried and re-crystallized from THF (Scheme 1)
[30].

Benzimidazole-1-yl-(2-chloro-4-nitrophenyl)-
methanone (1b):

(1b: Yellowish powder, m.p. 137-142 °C, 86.3%
yield)

IR (KBr, cm™): 3068, 2973, 1731, 1571, 1501,
1285, 684; 'H-NMR (CDCl;, 8/ppm): 7.40-7.75
(m, 4H, benzimidazole), 8.01(s, 1H), 7.95-8.21
(m,3H, Ar-H); *C-NMR (CDCl;, &/ppm): 112.9-
135.2 (benzimidazole, C), 120.6-151.9 (Phenyl, C),
145.1 (N-C=N), 187.6 (C=0). Anal. Calcd. for
C1sHsCIN3O3: C, 55.74; H, 2.67; N, 13.93 %.
Found: C, 55.68; H, 2.60; N, 13.85 %. MS, m/z:
301[MT]".

(2-Chloro-4-nitrophenyl)-(2-methyl-
benzimidazole-1-yl)-methanone (2b):

(2b: Pale cream powder, m.p. 145-147 °C,
88.9% yield)

IR (KBr, cm™): 3059, 2963, 1745, 1580, 1483,
1270,825, 684; 'H-NMR (CDCl;, &/ppm): 2.52
(s,3H), 7.38-7.80 (m, 4H, benzimidazole), 7.95-
8.21 (m,3H, Ar-H); *C-NMR (CDCls, 8/ppm): 17.9
(CH3), 116.1-136.2 (benzimidazole, C), 121.6-
154.3 (Phenyl, C), 144.3 (N-C=N), 191.1 (C=0).
Anal. Calcd. for C45sH;,CIN;O5: C, 57.06; H, 3.19;
N, 13.31 %. Found: C, 57.01; H, 3.05; N, 13.22 %.
MS, m/z: 315[M]".

(2-Chloro-4-nitrophenyl)-(2-phenyl-
benzimidazole-1-yl)-methanone (3b):

(3b: Cream powder, m.p. 155-157 °C, 90.7%
yield)

IR (KBr, cm™): 3033, 2955, 1756, 1570, 1496,
1263,840, 675; 'H-NMR (CDCls, 8/ppm): 7.30-
7.75 (m, 4H, benzimidazole), 7.45-8.52 (m,8H, Ar-
H); “C-NMR (CDCl;, &/ppm): 113.1-135.7
(benzimidazole, C), 124.5-133.4 (Phenyl, C), 146.7
(N-C=N), 190.8 (C=0). Anal. Calcd. for
C,H12CIN;O3: C, 63.59; H, 3.20; N, 11.12 %.
Found: C, 63.51; H, 3.16; N, 11.02 %. MS, m/z:
377[M]".

(2-Chloro-4-nitrophenyl)-[2-(4-
chlorophenyl)-benzimidazole-1-yl]-methanone
(4b):

(4b: Yellow powder, m.p. 160-162 °C, 93.1%
yield)

IR (KBr, cm™): 3044, 2966, 1766, 1578, 1501,
1272,851, 669; 'H-NMR (CDCls, 8/ppm): 7.32-
7.80 (m, 4H, benzimidazole), 7.51-8.48 (m,7H, Ar-
H); ®C-NMR (CDCl;, &/ppm): 112.4-136.9
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(benzimidazole, C), 130.5-157.4 (Phenyl, C), 142.5
(N-C=N), 191.3 (C=0). Anal. Calcd. for
C20H11C|2N303: C, 5827, H, 269, N, 10.19 %.
Found: C, 58.19; H, 2.60; N, 10.10 %. MS, m/z:
411[M]".

(2-Chloro-4-nitrophenyl)-[2-(4-
hydroxyphenyl)-benzimidazole-1-yl]-methanone
(5b):

(5b: White-grey powder, m.p. 175-178 °C,
88.1% yield)

IR (KBr, cm™): 3430, 3015, 2940, 1750, 1540,
1478, 1233,902, 701; 'H-NMR (CDCls, 8/ppm):
544 (s, 1H, OH), 7.30-7.75 (m, 4H,
benzimidazole), 7.44-8.56 (m,7H, Ar-H); *C-NMR
(CDClj3, &/ppm): 111.9-137.3 (benzimidazole, C),
130.5-148.4 (Phenyl, C), 160.3 (Phenyl, C-OH),
1475 (N-C=N), 195.3 (C=0). Anal. Calcd. for
CxH1,CIN;O4: C, 61.01; H, 3.08; N, 10.67 %.
Found: C, 60.92; H, 3.01; N, 10.58 %. MS, m/z;
393[M]".

(2-Chloro-4-nitrophenyl)-[2-(4-nitrophenyl)-
benzimidazole-1-yl]-methanone (6b):

(6b: White-grey powder, m.p. 175-178 °C,
88.1% yield)

IR (KBr, cm™): 3022, 2970, 1801, 1555, 1465,
1238,889, 707; 'H-NMR (CDCl;, d/ppm): 7.25-
7.75 (m, 4H, benzimidazole), 7.90-8.45 (m,7H, Ar-
H); “C-NMR (CDCl;, &/ppm): 112.8-138.8
(benzimidazole, C), 129.8-143.4 (Phenyl, C), 154.3
(Phenyl, C-NO,), 145.5 (N-C=N), 194.4 (C=0).
Anal. Calcd. for C,oH;CIN4Os: C, 56.82; H, 2.62;
N, 13.25 %. Found: C, 56.75; H, 2.53; N, 13.11 %.
MS, m/z: 422[M]".

(2-Chloro-4-nitrophenyl)-[2-(4-
methoxyphenyl)-benzimidazole-1-yl]-methanone
(7b):

(7b: White-cream powder, m.p. 163-167 °C,
90.8% yield)

IR (KBr, cm™): 3053, 2975, 1781, 1563, 1488,
1247,1115, 877, 705; 'H-NMR (CDCls, 3/ppm):
369 (s, 3H, CHj), 7.33-7.75 (m, 4H,
benzimidazole), 7.01-8.22 (m,7H, Ar-H); *C-NMR
(CDCls, d/ppm):59.6  (CHy) 115.8-137.6
(benzimidazole, C), 114.8-140.4 (Phenyl, C), 167.3
(Phenyl, O-CH,), 144.1 (N-C=N), 192.2 (C=0).
Anal. Calcd. for C,;H14CIN;O,4: C, 61.85; H, 3.46;
N, 10.30 %. Found: C, 61.79; H, 3.40; N, 10.22 %.
MS, m/z: 407[M]".

(2-Chloro-4-nitrophenyl)-[2-(2-
chlorophenyl)-benzimidazole-1-yl]-methanone
(8b):

(8b: Pale yellow powder, m.p. 160-162 °C,
93.1% yield)

IR (KBr, cm™): 3044, 2966, 1766, 1578, 1501,
1272,851, 669; 'H-NMR (CDCl,, 8/ppm): 7.28-

248

7.85 (m, 4H, benzimidazole), 7.19-8.40 (m,7H, Ar-
H); ®C-NMR (CDCl;, &/ppm): 113.8-137.9
(benzimidazole, C), 131.5-149.4 (Phenyl, C), 146.3
(N-C=N), 1909 (C=0O). Anal. Calcd. for
C20H11C|2N303: C, 5827, H, 269, N, 10.19 %.
Found: C, 58.22; H, 2.63; N, 10.12 %. MS, m/z;
413[M+2H]".

(2-Chloro-4-nitrophenyl)-(2-p-tolyl-
benzimidazole-1-yl)-methanone (9b):

(9b: White powder, m.p. 170-172 °C, 88.3%
yield)

IR (KBr, cm™): 3044, 2983, 1786, 1575, 1492,
1265,1133, 881, 693; 'H-NMR (CDCls, &/ppm):
283 (s, 3H, CHj;), 7.25-7.80 (m, 4H,
benzimidazole), 7.10-8.30 (m,7H, Ar-H); *C-NMR
(CDCls, d/ppm):30.6 (CHs,) 114.4-135.8
(benzimidazole, C), 118.7-142.5 (Phenyl, C), 142.1
(N-C=N), 193.1 (C=0O). Anal. Calcd. for
C,H1CIN3Os: C, 64.37; H, 3.60; N, 9.05 %.
Found: C, 64.28; H, 3.52; N, 8.95 %. MS, m/z;
391[M]".

General procedure for the preparation of the
compounds (1c-9c¢):

Reduction of 2-substituted-1H-benzoyl imidazol-
1-yl (2-Chloro-4-nitrophenyl) methanone

Synthesized products (1b-9b) (0.1 mol), tin
powder (30 g, 0.25 mol) and conc. HCI solution (15
ml) were refluxed for 1 h. The reaction mixture was
then cooled; added water and ammonia solution,
heated on water bath for 30 min, filtered and wash
with hot water for obtaining the liquid compound,
acidified with glacial acetic acid, evaporated,
filtered and dried (Scheme 1) [30].

(4-Amino-2-chloro-phenyl)-(benzimidazol-1-
yl)-methanone (1c):

(1c: Pale brown powder, m.p. 270-272 °C,
79.3% yield)

IR (KBr, cm™): 3304,3298, 2956, 2983, 1645,
1601, 1482, 1275, 890, 705; 'H-NMR (DMSO-ds,
d/ppm): 4.40 (br s, 2H, NH, ), 7.05-7.60 (m, 4H,
benzimidazole), 6.69-7.68 (m, 3H, Ar-H), 8.01
(s,1H); ®C-NMR (CDCl;, &/ppm): 115.4-131.98
(benzimidazole, C), 123.7-140.8 (Phenyl, C), 143.8
(N-C=N),166.3 (Phenyl, C-NH,), 189.1 (C=0).
Anal. Calcd. for C14H,oCIN;O: C, 61.89; H, 3.71;
N, 15.47 %. Found: C, 61.78; H, 3.66; N, 15.39 %.
MS, m/z: 271[M]".

(4-Amino-2-chloro-phenyl)-(2-methyl-
benzimidazol-1-yl)-methanone (2c):

(2c: Brown powder, m.p. 282-285 °C, 76.8%
yield)

IR (KBr, cm™): 3245,3198, 2920, 2893, 1678,
1586, 1469, 1315, 907, 659; 'H-NMR (DMSO-ds,
d/ppm): 2.11 (s, 3H, CHs), 5.20 (br s, 2H, NH, ),
7.12-7.65 (m, 4H, benzimidazole), 6.45-7.68 (m,



A. Ahmadi: Synthesis, Characterization and Biological Evaluation of Some Novel Benzimidazole Derivatives

3H, Ar-H); *C-NMR (CDCls, 8/ppm): 12.8 (CHy),
116.4-132.8 (benzimidazole, C), 126.7-142.8
(Phenyl, C), 146.2 (N-C=N),159.8 (Phenyl, C-
NH,), 190.8 (C=0). Anal. Calcd. for C;5H;,CIN;O:
C, 63.05; H, 4.23; N, 14.71 %. Found: C, 62.92; H,
4.06; N, 14.62 %. MS, m/z: 285[M]".

(4-Amino-2-chloro-phenyl)-(2-phenyl-
benzimidazol-1-yl)-methanone (3c):

(3c: Pale brown powder, m.p. 298-301 °C,
75.6% yield)

IR (KBr, cm™): 3225, 3075,3171, 2938, 2893,
1671, 1595, 1455, 1323, 875, 708; 'H-NMR
(DMSO-dg, 6/ppm): 5.10 (br s, 2H, NH, ), 7.18-
7.85 (m, 4H, benzimidazole), 6.95-7.55 (m, 8H, Ar-
H); “C-NMR (CDCl;, &/ppm): 111.9-129.5
(benzimidazole, C), 122.7-146.8 (Phenyl, C), 142.2
(N-C=N),156.5 (Phenyl, C-NH,;), 188.1 (C=0).
Anal. Calcd. for C»,H14CIN;O: C, 69.07; H, 4.06;
N, 12.08 %. Found: C, 68.92; H, 3.98; N, 11.95 %.
MS, m/z: 347[M]".

(4-Amino-2-chloro-phenyl)-[2-(4-chloro-
phenyl)-benzimidazol-1-yl]-methanone (4c):

(4c: Pale yellow powder, m.p. 288-291 °C,
74.7% yield)

IR (KBr, cm™): 3346, 3267,3028, 2946, 2812,
1680, 1611, 1501, 1312, 885, 720; 'H-NMR
(DMSO-ds, 6/ppm): 4.90 (br s, 2H, NH, ), 7.22-
7.75 (m, 4H, benzimidazole), 6.85-7.75 (m, 7H, Ar-
H): C-NMR (CDCl;, &/ppm): 113.1-128.6
(benzimidazole, C), 125.7-139.8 (Phenyl, C), 145.2
(N-C=N),160.5 (Phenyl, C-NH,), 189.4 (C=O0).
Anal. Calcd. for C,H13CI,N;O: C, 62.84; H, 3.43;
N, 10.99 %. Found: C, 62.78; H, 3.38; N, 10.91 %.
MS, m/z: 383[M+2]".

(4-Amino-2-chloro-phenyl)-[2-(4-hydroxy-
phenyl)-benzimidazol-1-yl]-methanone (5c):

(5c: Pale orange powder, m.p. 302-304 °C,
71.9% yield)

IR (KBr, cm™): 3448, 3367,3128, 2956, 2832,
1690, 1641, 1511, 1332, 890, 672; 'H-NMR
(DMSO-dg, o/ppm): 4.95 (br s, 2H, NH, ), 7.12-
7.65 (m, 4H, benzimidazole), 6.65-7.85 (m, 7H, Ar-
H) 11.95 (br s,1H,0H) ; *C-NMR (CDCl;, 8/ppm):
114.1-129.8 (benzimidazole, 0, 128.7-
142.8(Phenyl, C), 141.9 (N-C=N),161.1 (Phenyl,
C-NH,),164.2 (Phenyl, C-OH) 181.4 (C=0). Anal.
Calcd. for CyHi4CIN;O,: C, 66.03; H, 3.88; N,
11.55 %. Found: C, 65.95; H, 3.82; N, 11.49 %.
MS, m/z: 363[M]".

(4-Amino-2-chloro-phenyl)-[2-(4-nitro-
phenyl)-benzimidazol-1-yl]-methanone (6c):

(6¢c: Orange powder, m.p. 300-302 °C, 72.5%
yield)

IR (KBr, cm™): 3342,3136, 2948, 2844, 1685,
1652, 1493, 1312, 897, 721; 'H-NMR (DMSO-ds,
&/ppm): 4.60 (br s, 2H, NH, ), 7.13-7.80 (m, 4H,
benzimidazole), 6.51-8.35 (m, 7H, Ar-H); “C-
NMR (CDCls, &/ppm): 115.3-134.6
(benzimidazole, C), 126.3-143.5(Phenyl, C), 143.6
(N-C=N), 164.3 (Phenyl, C-NH,),178.4 (C=0).
Anal. Calcd. for CyH3CIN,O;: C, 61.16; H, 3.34;
N, 14.26 %. Found: C, 61.10; H, 3.28; N, 14.19 %.
MS, m/z: 392[M]".

(4-Amino-2-chloro-phenyl)-[2-(4-methoxy-
phenyl)-benzimidazol-1-yl]-methanone (7c):

(7c: Cream powder, m.p. 283-286 °C, 75.8%
yield)

IR (KBr, cm™): 3203, 2948, 1745, 1602, 1542,
1321,1175, 802, 715; 'H-NMR (CDCls, /ppm):
2.29 (s, 3H, CHjy), 5.34 (br s, 2H, NH; ), 7.18-7.65
(m, 4H, benzimidazole), 6.53-7.42 (m,7H, Ar-H);
BC-NMR (CDCls, 8/ppm):54.7 (CH,) 116.8-138.1
(benzimidazole, C), 122.8-148.4 (Phenyl, C), 147.1
(N-C=N), 169.5 (Phenyl, O-CH), 179.2 (C=0).
Anal. Calcd. for C,HsCIN;O,: C, 66.76; H, 4.27;
N, 11.12 %. Found: C, 66.69; H, 4.20; N, 11.02 %.
MS, m/z: 377[M]".

(4-Amino-2-chloro-phenyl)-[2-(2-chloro-
phenyl)-benzimidazol-1-yl]-methanone (8c):

(8c: Yellow powder, m.p. 275-278 °C, 73.4%
yield)

IR (KBr, cm™): 3332, 3222, 2931, 2825, 1692,
1601, 1495, 1344, 875, 707; 'H-NMR (DMSO-ds,
&/ppm): 4.93 (br s, 2H, NH; ), 7.23-7.78 (m, 4H,
benzimidazole), 6.88-7.83 (m, 7H, Ar-H); *C-
NMR (CDCls, d/ppm): 113.5-128.2
(benzimidazole, C), 125.1-139.3 (Phenyl, C), 144.8
(N-C=N),162.5 (Phenyl, C-NH,), 180.1 (C=O0).
Anal. Calcd. for C,H15CIN5O: C, 62.84; H, 3.43;
N, 10.99 %. Found: C, 62.76; H, 3.36; N, 10.90 %.
MS, m/z: 383[M+2]".

(4-Amino-2-chloro-phenyl)-(2-p-tolyl-
benzimidazol-1-yl)-methanone (9c):

(9c: White-grey powder, m.p. 268-272 °C,
74.8% yield)

IR (KBr, cm™): 3033, 2975, 1778, 1582, 1465,
1287,1167, 892, 722; 'H-NMR (CDCls;, &/ppm):
2.78 (s, 3H, CHy), 5.22 (br s, 2H, NH, ), 7.20-7.85
(m, 4H, benzimidazole), 7.14-8.20 (m,7H, Ar-H);
BC-NMR (CDCls, 8/ppm): 32.1 (CH;), 115.8-136.5
(benzimidazole, C), 120.1-145.5 (Phenyl, C), 144.1
(N-C=N), 189.8 (C=0). Anal. Calcd. for
C,HiCIN;O: C, 69.71; H, 4.46; N, 11.61 %.
Found: C, 69.66; H, 4.39; N, 11.55 %. MS, m/z:
361[M]".
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Scheme 1. Schematic synthesis of intermediates (1a-9a) and new compounds (1b-9b and 1c-9c).

In Vitro Biological Evaluation Test

The antibacterial and antifungal screening of
newly synthesized compounds (1c-9c) were tested
by filter paper disc method. The antibacterial
activity of test compounds were evaluated against
Gram-positive bacteria, Staphylococcus aureus and
Gram-negative  bacteria, Escherichia  coli.
Antifungal activity was screened against fungal
strain, Candida albicans. The antimicrobial
activity was performed at concentrations 50 & 100
ug/ml. Mueller hinton agar (MHA) & Potato
dextrose agar (PDA) were employed as culture
medium and DMSO was used as solvent control
for antimicrobial activity. Ciprofloxacin and
Amphotericin B were used as standard for
antibacterial and antifungal activities respectively.
The potato dextrose agar (PDA) media dissolved in
distilled water then was sterilized by autoclaving at
121°C for 20 min at the appropriate pressure. The
media removed and cooled at 40-45 °C. Whatman
filter paper-1 discs (6 mm) were sterilized by dry
heat were saturated with test solution and placed on
(PDA) media in Petri dishes in triplicate. The Petri
dishes were covered and set aside for an hour, and
then incubated at 37 °C for 48 hrs. After incubation,
the zones of inhibition around the disc were
observed. Results were interpreted in terms of
diameter (mm) of zone of inhibition. The zones of
inhibition were measured and the average of three
readings was calculated [32-34].
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RESULTS AND DISCUSSIONS
Chemistry

In continuation of our interest to investigate of
new pharmaceutical potential compounds, the
syntheses of biologically active 2-substituted
benzimidazole derivatives were carried out in this
study. To materialize the proposed project,
initially, some intermediates were synthesized
(1a-9a) in good vyields by coupling of o-
phenylenediamine dihydrochloride with some
carboxylic acids such as formic, acetic, benzoic, 4-
chloro-benzoic, 4-hydroxy-benzoic, 4-nitro-
benzoic, 4-methoxy-benzoic, 2-chloro-benzoic and
4-methyl-benzoic respectively based on a known
method with some modification for increasing
yields. Benzoylation of the 2-substituted
benzimidazoles were applied in presence of 2-
Chloro-4-nitrobenzoyl chloride yield 2-substituted-
1H-benzoyl imidazol-1-yl (2-Chloro-4-nitrophenyl)
methanones  (1b-9b). Reductions of these
compounds by tin powder produce the final
products (1c-9c). TLC was used for monitoring the
progress of the reaction and the structures of new
compounds were assessed by interpretation of
obtained spectra (IR, 'H-NMR,“C-NMR, Mass
Spectra and CHN analysis).

Biological Evaluation

For evaluation of the biological activities, the
synthesized compounds (1c-9c) were screened for
their in vitro antibacterial activity against



A. Ahmadi: Synthesis, Characterization and Biological Evaluation of Some Novel Benzimidazole Derivatives

Tablel. Zone of inhibition (mm=+S.D) of test sample and Standard Drug (Ciprofloxacin and Amphotericin B) against S.
Aureus, E. coli and C. albicans

Diameter of zone of inhibition in mm [mean + SD (n=3)]

Test samples S. Aureus E.coli C. albicans
50 pg/ml 100 pg/ml 50 pg/ml 100 pg/ml 50 pg/ml 100 pg/ml
1c 9.52+0.42 12.281+0.42  8.42+0.50 11.60+0.32 N/A N/A
2c 9.90+1.30 12.80+0.30 8.15+0.50 11.22+0.60 N/A N/A
3c 9.70+0.75 12.95+0.20 8.10+0.64 11.25+0.15 N/A N/A
4c 9.75+0.44 12.96+0.40 8.40+0.25 11.86+£0.36 N/A N/A
5¢c 9.58+0.71 12.64+1.30 8.86£1.11 11.10+0.46 N/A N/A
6c 9.3240.36 12.88+0.32  8.88+0.78 11.66+0.35 N/A N/A
7c 9.8540.66 13.10+£0.68  8.76+0.38 11.20+0.45 N/A N/A
8c 9.45+0.60 13.25+0.20 8.26+0.30 11.20+0.25 N/A N/A
9c 9.35+0.60 13.15+0.20 8.46+0.40 11.30+0.40 N/A N/A
Ciprofloxacin 14.36+£0.36  19.24+0.35 11.36+£0.44 16.45+0.28 - -
Amphotericin B - - - - 9.35+0.24  14.56+0.45
“N/A” = Not Active, " — " = Not Applicable

Staphylococcus aureus and Escherichia coli and
antifungal activity against Candida albicans by
measuring the zone of inhibition in mm in
comparison with those of the standard drugs
Ciprofloxacin and  Amphotericin  B. The
preliminary screening results for the compounds
(1c-9c) established that the newly synthesized
compounds have not shown antifungal activity
against Candida albicans. But the antibacterial
activity data reveals that the compounds (1c-9c)
exhibited good antibacterial activity against various
strains of bacteria as compared to standard
Ciprofloxacin. The results are tabulated in Table 1.

CONCLUSION

A series of some novel 2-Substituted
benzimidazole derivatives were synthesized and
evaluated for their potential antimicrobial and
antifungal activities. Based on results, it can be
concluded that all the target synthesized
compounds (1c-9c) showed good to moderate
antimicrobial activities. The results indicated that
new antimicrobial compounds could be prepared by
changing of different substrates on various
benzimidazole derivatives.  Although  further
pharmacological activities of these new compounds
could be evaluated in future studies.
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CHUHTE3A, XAPAKTEPUCTUKHU U bBUOJIOI'MYHA OLIEHKA HA HAKOUW HOBU
[MTPOU3BOJHU HA BEH3UMUNJIA3ZO0JIA

A. Axmanu
Henapmamenm no xumus, Hayuen cpaxynmem, Ucnamcku ynusepcumem “Azao”’, Knon 6 Kapaoosc, Hpan
IMocrbnuina Ha 18 deBpyapu; kopurupauna na 17 ronu, 2013

(Pesrome)

BCHSI/IMI/IILaSOJ'IOBOTO AApO MMaA BAXXHO 3HAYCHHUE B MCAHMIHMHCKATA XHUMHUS, @ MHOI'O CBCAMHCHUA, CbAbpIKAIIA
6€H31/IMI/IZ[330J'IOBO AAPO MPOABABAT BAaXKHU OMOJIOTHYHO aKTHMBHU CBOWCTBa. B HacTodAmara pa60Ta C€ Hu3ci€aBa
CHUHTE3aTa, CICKTPAJIHUTEC CBOIicTBa M ce OILICHsBa OMOJIOrHYHATA AKTHBHOCT Ha ACBCT HOBU MPOU3BAOJHU Ha

1
6eH3uMpazona. CTpyKTypuTe Ha CHHTE3UPAHUTE CHEIMHEHUS ca oxapakTepusupanHu upe3 MY-cmexkrpockormms, H-

13

NMR, C-NMR, wmac-cnekrpockornusi u CHN — enementen ananu3. lleneBute HoBu chenaunenus (1¢-9¢) ca
CKpPUHHMpaHH 3a aHTHOAKTepHajHAa aKTUBHOCT cpemry mmamoBe Ha Escherichia coli u Staphylococcus aureus,
anTurpOuyHarta aktuBHOCT cpenry Candida albicans.
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The direct synthesis of dimethyl carbonate (DMC) from methanol and urea using iron-chloride ionic liquid as
catalyst was investigated with a batch operation. The results showed that the ionic liquid EtsNHCI-FeCls is an effective
catalyst; the raised yield (about 27%) and high selectivity (ca.100%) of DMC at 180°C were achieved without any
specially designed equipment. The effect of the reaction conditions, such as reaction temperature, the molar ratio of urea
to methanol, the amount and composition of catalysts, on the reaction was also discussed. The suggested reaction
mechanism was proposed, which is very different from the reported ones in literatures.

Keywords: dimethyl carbonate; urea; methanol; ionic liquids; carbonylation

INTRODUCTION

Dimethyl carbonate (DMC) has been attracting
much attention as an important chemical
feedstock. It can be effectively used as an
environmentally benign substitute for highly toxic
phosgene and dimethyl sulfate in carbonylation
and methylation [1], as monomer for several types
of polymers and an intermediate in the synthesis
of pharmaceutical and agricultural chemicals.
Furthermore, DMC has been considered as an
option for meeting the oxygenate specifications
for transportation fuels [2]. The conventionally
synthesis method of DMC is the oxidative
carbonylation of methanol by carbon monoxide
and transesterification of ethylene (or propylene)
carbonate with methanol [3, 4]. It is expensive in
using CO, epoxide as raw materials and
accompanied by a potential explosion and poison
hazard. Recently, utilization of carbon dioxide, a
readily available, inexpensive and
environmentally acceptable starting material, as
raw material of DMC synthesis has widely been
investigated [5-7]. But, the direct synthesis of
DMC from methanol and carbon dioxide is still
far from satisfactory due to the difficulty in
activation of carbon dioxide, deactivation of the
catalysts and the thermodynamic limitation. As an
indirect method of utilizing CO, for DMC

* To whom all correspondence should be sent:
E-mail: caiginghai@yahoo.com

synthesis, the synthesis of DMC from urea and
methanol has been developed recently due to some
advantages, such as abundant resource and low cost of
urea and methanol, ternary azeotrope of
methanol-water-DMC not to be formed because of no
water produced and easiness of the product separation.
Thus, this new route is considered to have alluring
foreground in industry application. Although many
research works on the new route have been reported
yet [8-10], there are also several shortcomings, such as
low conversion of the reactant or selectivity to DMC,
higher reaction temperature and specially designed
equipment to be used etc.

Recently, our group has disclosed the homogeneous
and heterogeneous synthesis of DMC from urea and
methanol catalyzed by zinc-chloride ionic liquid [11]
and over Fe,0s/HMCM-49 [12]. As our continuous
research work, here we wish report the direct synthesis
of DMC from urea and methanol catalyzed by the ionic
liquid EtNHCI-FeCl;. The raised yield and high
selectivity to DMC were achieved. The effect of
various reaction conditions, such as reaction
temperature, time and amount of the catalyst was also
discussed in this paper.

EXPERIMENTAL SECTION

Et;NHCI-FeCl;
literature method

The catalyst
according to

was synthesized
[11, 13]. Al

© 2011 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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experiments were carried out in a stainless steel
reactor with inner volume of 500 mL fixed with a
mechanical stirrer and an electric heater. In a
typical procedure, 67 mL (1.83 mol) of anhydrate
methanol, 1 g (0.017 mol) of urea and 6.5 mmol
of catalyst were added to the reactor. After being
purged three times with N, gas, the reactor was
heated to 180°C with stirring and the reaction was
carried out for 6 h. At the end of the reaction, the
reaction mixture was distilled to separate the
catalyst from the mixture. The distillate was
cooled, sampled and analyzed by GC and GC-MS.
The yield was calculated on the basis of urea.

RESULTS AND DISCUSSION

lonic liquid, Et;NHCI-FeCls;, exhibited a good
catalytic activity for synthesis of DMC from
methanol and urea (Fig. 1). The yield of DMC
increased with amount of catalyst, it reached
maximum  26.8% with 6.5 mmol of
Et;NHCI-FeCl; used. Then it declined as the

amount of the catalyst was continuously increased.

The fall of the yield was ascribed to the reduction
of the selectivity to DMC since excess catalyst
can also catalyze further conversion of the
products into some by-products such as N-methyl
urea, N-methyl methyl carbamate etc, which were
detected by GC-MS in the reaction mixture.

According to the report [14], the synthesis
reaction (1) from methanol and urea includes two
steps: at first, urea reacts with one molecule of
methanol to generate

2CH;OH + CO(NHp), =
CH;0OCOOCH; + 2NH; (1)

carbamate (i); and then the carbamate
continuously reacts with another one molecule of
methanol to produce DMC (ii), as shown in
following:

CH3OH + CO(NH2)2 = NH2COOCH3 +NH3 (|)

NH,COOCH;+CH;3;0H = CH;0COOCH;+NH;

)

It was found that methyl carbamate (MC) was
easily prepared from urea and methanol even in
the absence of catalyst. It means the step (i) is a
fast one and the second step (ii) is
rate-determining step. In the case that the amount
of the catalyst dose not exceeds 6.5 mmol, MC
has been not detected in the samples, implying
that the rate of the step (ii) was so fast that the
intermediate rapidly reacted with urea once it was
generated. In other words, the catalyst catalyzing
the step (ii) is very effective and the selectivity is
very high, nearly 100%.
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Fig. 1. Effect of catalyst amount on the reaction
Conditions: T=180°C; CH3;OH/Urea ratio = 107.6/1; t =6 h;
FeCly/Et;NHCI = 2:1.

The effect of the reaction time on the yield of DMC
was investigated (the data not list here). It is known
from the data that the yield reached to about 27% at the
reaction time of 6 h. With the time continuously
prolonged, the yield basically kept on constant. This
finding suggested that the equilibrium state of the
reaction was almost achieved under this condition. In
addition, we can also calculate the ratio of initial urea
concentration C, to its surplus concentration C in the
reacting mixture from the data, then the ratio was taken
logarithm, and the plot of In(C,/C) vs t (reaction time)
is drawn in Fig. 2. It is evident that the relation curve is
almost straight line, which indicated that the synthesis
reaction is one order reaction for urea concentration in
this system. Rate constant obtained from the figure is
kee = 0.0584 h™'. As compared with zinc-chloride ionic
liquid system (kz, = 0.0412 h™), Et;NHCI-FeCl,
system possesses higher reaction rate.

0.35 4
0.30 1 FeCl,-ionic liquid
0.25

0.20
]

/C)

5 0.15

ZnCl-ionic liquid
0.10 A

0.05 - . /A

0.00

In(C

1 2 3 4 5 6
Time (h)

Fig. 2. Plot of In(C,/C) vs time.The lines fit the kinetic
equation of first-order reaction.

As the raise of temperature, the yield increased
rapidly to about 27% at 180 °C, and then fell to very
low at 200 °C (Fig. 3). The changing rule of the yield is
maybe attributed to the thermodynamic character of
the reaction and reactant urea at higher temperatures. It
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was reported that the heat of the synthesis reaction
is AH? = 47.11 KJ/mol [15], which shows that it
is an endothermic reaction. Thus, in view of the
thermodynamics, the increase of the reaction
temperature is of a great advantage to the
generation of DMC. On the other hand, from a
view point of Kkinetics, raise of the reaction
temperature can accelerate the reaction and
shorten the time approaching to the equilibrium.
Therefore, the vyield increased with the
temperature rising in the range from 130°C to
180 °C. On the other hand, it was recorded that
the melting point of urea is 133-135 °C and it
begins to decompose into HNCO and NH; [16]
when the temperature increased more than its
melting point. The increase of the temperature can
promote the decomposition leading to
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Fig. 3. Effect of reaction temperature on the
reaction. Conditions: catalyst 6.5 mmol; CH3OH/urea
ratio = 107.6/1; t = 6 h; FeCI3/Et3NHCI = 2:1.

the increase of the HNCO concentration. The
excess active particles HNCO caused some side
reactions happened, resulting in the fall of the
selectivity and the reduction of the yield.

Molar ratio of FeCl; to Et;NHCI in the ionic
liquid can greatly affect the synthesis reaction; the
results were shown in Fig. 4. It is evident that a
maximum of DMC yield was achieved when the
ratio was 2:1; and when only the salt FeCl; was
used as catalyst, the yield of DMC was merely
10.9%. This result implied that the ionic liquid
formed by FeCl; and Et;NHCI is very important
for catalyzing DMC synthesis reaction. The better
performance of the ionic liquid is most likely due
to its enhancement to polarity and electrostatic
field of the reaction medium, which may stabilize
the charged intermediate [17]. In addition, the
catalytic activity of metal-chloride ionic liquids is
ascribed to their stronger acidity, which can
absorb the released NH; to shift the reaction
equilibrium to the direction producing DMC [11,

12]. Contrarily, too strong acidity of the ionic liquid is
disadvantageous to the reaction according to our
previous reports, which may cause strong

28+
u
26
24
- |

224 /

201 = \
18+ ]
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Yield (%)

10

1.0 15 20 25 30 35 4.0
Molar ratio of FeCIalEtaNHCI

Fig. 4 Effect of molar ratio of FeCl; or ZnCl, to
Et;NHCI on the reaction. Conditions: catalyst 6.5 mmol;
CH3;OH/urea ratio = 107.6/1; t = 6 h; T=180°C.

interaction with NH, in urea molecule to restrain its
further reaction. Therefore, the catalyst with medium
acidity could effectively activate urea and methanol
and interact with release NH; gas produced in the
reaction to promote shift of the reaction equilibrium to
the direction producing DMC.

Suggested reaction mechanism

It was reported that the molecular structure of urea
involves resonance between the three structures
(following molecular structure of urea), the observed
values of the interatomic distance indicating 30%
double bond character for the carbon-to-nitrogen bonds
leaving 40% for carbon-to-oxygen bond [18].

+

NH,,

NH,

o= -0«
NH, NH
+

The molecular structure of urea

2

Therefore, the complexes were easily formed by
urea molecules coordinating with metal ions through
the oxygen as well as the nitrogen atoms. For example,
SiX
urea molecules coordinate with iron chloride to
generate a complex, Fe[OC(NH;)2]¢Cls. the complex
was formed by urea molecules coordinating with iron
(11) ion through the oxygen atom [19]. On the basis of
the above facts, the reaction mechanism of DMC
synthesis from urea and methanol involved mutual
activation of methanol and urea by the catalyst was
proposed, as shown in Scheme 1.

This network involves the activation of urea and
methanol by means of interaction of them with
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o O > Fe-Cl
FeCl, + HN—Z=NH, —= HN— =N~ (1)
Fe-Cl
i ——= CH,O + FeCl-H ©)
CH,-O-H
_—— 0 T FeCl 0 = Fecl
CHO  + HN—=NH,¥ — CH,0—=NH, +  NH, (FeCl)  (3)
O > Fe-Cl R
..... ..
A + - — CH,0——0OMe + NH, - Fe-
CH,0 —NHZ/ CH,O 3 , " Fe-Cl 4
Fe-Cl--H + NH, —= Fe-Cl + NH, )

Scheme 1. Suggested reaction mechanism.

catalysts to form two activated intermediates,
complex of urea coordinated with (1) and methoxide
anion CHs;O" (2). Then, methoxide anion CH;O
attacks the carbon charged positively in the molecule
of activated urea to generate methyl carbamate(3),
which is also in the form of complex coordinated to
FeCl;. The produced NH, was stabilized by the
ionic liquid EtsNHCI-FeCl; due to its higher polarity
and the stronger electrostatic interaction between the
cations and anions, which is very advantageous to
the step shifting to the right hand side. Finally, the
activated methyl carbamate reacts with another
CH3O" to produce the target product DMC (4), and
the step (5) realize the catalytic cycle. As seen from
the mechanism, it was the existence of the three
activated particles, such as methoxide anion,
complexes of wurea and methyl carbamate
coordinated with the transition metals Fe (I11) in the
catalyst, which results in high efficiency of the
synthesis reaction via greatly accelerating the step (3)
and (4). This is also the reason that no byproduct,
methyl carbamate, was detected in the samples.

CONCLUSIONS

When the synthesis reaction of DMC was carried
out in a batch operation and without any specially
designed equipment, the ionic liquid Et;NHCI-FeCl;
is an effective catalyst for the direct synthesis of
dimethyl carbonate (DMC) from methanol and urea
by one step reaction; the raised yield (27%) and high
selectivity (100%) to DMC under temperature of
180°C were achieved. Besides, the results were
basically explained by the thermodynamics and
kinetics of the reaction. The reaction mechanism that
is different from that reported was proposed
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CHUHTESA HA TUMETUJI-KAPBOHAT OT KAPBAMUJ 1 METAHOJI, KATAJIM3UPAHA
OT NOHHA TEUHOCT U XEJIE3EH TPUXJIOPU/I)

I1I. ®enr’, T. Cyn?, B. JIy?, K. Iaii®

1 . . .
Koneowc 3a nayka, Xetinoneoocuan, 3emedencku ynueepcumem Baviu, Kumati
2
Lenesa nabopamopus 3a pomonnu u erekmpounu mamepuaiu, Munucmepcmeo na oopazosanuemo, Yuunuwa no
XUMUSL U XUMUYHO UHJicenepemeo, Ynueepcumem 6 Xapbun, Xapoun 150025, Kumai

TlocTenmna Ha 25 ¢espyapu; kopurupana Ha 5 romu, 2013
(Pestome)

UscnenBana e cuHre3ara Ha quMeruin-kapoonar (DMC) ot kapbamua ¥ METaHON MPU MEPHOJUYHH YCIOBHUS TPH
M3MO3BAHETO Ha JKEJIC3eH TPH XJIOPH/] KaTO KaTaln3aTop M HOHHA TEYHOCT. Pe3ynraTuTe mokas3par ue HOHHATA TEYHOCT
Et;NHCI-FeCl; e edektuBen karanusarop ¢ moBuiieH 100uB (0komo 27%), Karto ce MOCTUTa BHCOKA CENICKTHBHOCT
(6mm30 10100%) crpsmo DMC at 180°C B mpocta amapatypa. OO6cbhleHn ca edeKkTa Ha yCIOBHATA HA pEaKiuATa
(Temmeparypa, MONApHOTO OTHOLICHHWE HAa KapbamuIa KbM METaHOJa, KOIMYECTBOTO W ChCTABA HA KAaTAllM3aTopa).
IMpensioxeH € HOB MEXaHW3bM Ha PEaKIUsITa, Pa3InUeH OT H3BECTHHUTE J0CETa.
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Characterization and electrokinetic properties of montmorillonite
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The determination of surface properties of montmorillonite clay is an important criterion for establishment of its
adsorption ability against anionic and cationic species from wastewaters. In this study, electrokinetic surface properties
of montmorillonite were investigated using the microelectrophoresis technique. The zeta-potential ({) analysis of the
montmorillonite was done by streaming potential measurements as a function of salt concentration and equilibrium pH
of solution. It was found that the zeta potential of the clay particles was negative for monovalent cations (KCI, LiCl,
NaCl) added to solution phase. Divalent cations (CaCl,, Ca(NOs),, Pb(NO3),) could provide a neutral charge at just
maximum concentrations. In addition, montmorillonite had a negative charge even at pH 2 and only trivalent cations
(Fe(NOs)s, FeCls) provided positive surface charge at just maximum concentration. The characterization of the
montmorillonite was performed by using XRD, XRF, FTIR, SEM imaging, and N,-BET analyses. The determined
porous structure and strong negative surface charge of the montmorillonite showed that this clay would be used

effectively in removal of cationic species from waters.

Keywords: Montmorillonite; XRD; Electrokinetic; Zero charge point; SEM; FTIR

INTRODUCTION

Clay is a soil particle smaller than 2 um. Clays
have a high specific surface area which mainly
influences the soil colloidal properties as well as
the stability of soil structure. Besides, clays have a
high stability in both wet and dry conditions.
Colloid is a particle which may be a molecular
aggregate with a diameter changing from 0.1 to
0.001pm. Clay and soil organic matter are often
called as soil colloids because they have particle
sizes that are within, or approach to the colloidal
dimensions. Clay minerals which are hydrous
aluminum silicates have a large interlayer space
that can retain significant amounts of water. Clays
are encompassed of large surface area that allow
swelling and shrinking [1, 2].

Montmorillonite is a very soft phyllosilicate
mineral that typically forms in microscopic crystals.
Montmorillonite, a member of the smectite family,
is 2:1 layered clay and it has 2 tetrahedral sheets
sandwiching a central octahedral sheet. The
montmorillonite particles are plate-shaped with an
average diameter of approximately 1 micrometer.
The particle thickness is extremely small (~1 nm).

* To whom all correspondence should be sent:
E-mail: baybarsalifil2@gmail.com
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It is the main constituent of the volcanic ash
weathering product, bentonite. The water constent
of montmorillonite is variable and it increases

greatly in volume when it absorbs water.
Chemically it is hydrated sodium calcium
aluminum magnesium  silicate  hydroxide

(Na,Ca)g.33(Al,MQ),(SisO10)(OH).nH,O. Potassium,
iron, and other cations commonly substitutes with
structural cations of the monmorillonite and the
exact ratios of cations vary based on the clay
deposit [3-5].

Montmorillonite is used in the oil drilling
industry as a component of drilling mud to make
the mud slurry viscous which helps in keeping the
drill bit cool and in removal of drilled solids.
Montmorillonite is also used as a soil additive in
dry soils to hold soil water content at maximum
ratio. Montmorillonite is preferred in construction
of earth dams to prevent the leakage of fluids. It is
also used as a component of foundry sand and as a
desiccant to remove moisture from air and gases.
Montmorillonite clays have been extensively
utilized in catalytic processes for over 60 years.
Other acid based catalysts also utilize acid treated
montmorillonite clays [6].

© 2011 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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The clay samples shows different surface charge
density and cation content based on its mined
deposit. Therefore, the characterization and surface
properties of the montmorillonite samples
belonging to different regions should be determined
as separately. Also, the purity of the
montmorillonite samples changes from a deposit to
another. For these reason, in this work, we
investigated the effect of the mono- and multivalent
salts including NaCl, KClI, LiCl, CaCl,, Ca(NO3),,
Pb(NOz),, Fe(NOgz);, and FeCl; on the
electrokinetic behavior of montmorillonit. The
effects of clay concentration, initial pH, and
electrolyte type on the zeta potential were also
investigated. In addition, the structure and
properties of the montmorillonite were examined
by XRD, XRF, SEM, FT-IR and N,-BET
analysises.

MATERIAL AND METHODS
Characterization of Montmorillonite

The montmorillonite sample was obtained from
Std-Chemie Clay Processing Plants located in
Balikesir in Turkey. Before being used in the
experiments, the montmorillonite sample was
treated as follows: the bulk solution containing 10 g
L™ montmorillonite was mechanically stirred for
24 h, and the bulk solution delayed for about two
minutes and then the supernatant suspension was
filtered through a what-man filter paper (® = 12.5
cm (diameter of filter paper)). The clay sample was
dried at 110 "C for 24 h, and then sieved by 45-90-
mesh sieve. The sample of montmorillonite was
characterized by using X-ray diffraction (XRD), X-
ray fluorescence (XRF), infrared (FT-IR), scanning
electron microscopic (SEM) and BET N,
adsorption technique.

Zeta Potential

The zeta potential of samples were measured
using a Zeta Meter 3.0 (Zeta Meter Inc.) equipped
with a microprocessor unit. The unit automatically
calculates the electrophoresis mobility of the
particles and converts it to the zeta potential using
the Smoluchowski equation. This equation is the
most elementary expression of zeta potential and
gives a direct relation between zeta potential and
electrophoresis mobility of particles;

=gy 1)

Where, EM is electrophoresis mobility at actual
temperature, V; is viscosity of the suspending
liquid, Dy is dielectric constant, x is constant and {
is zeta potential. A 0.15 g montmorillonite amount

was conditioned in 100 ml distilled water for 3 h.
Each data point is an average of approximately 10
measurements. All zeta potential measurements
were carry out at natural pH of the suspension
except those in which the effect of pH was
investigated. The pH of the suspension was
adjusted using diluted HCI and NaOH. The
electrolyte concentrations of the solutions were
adjusted using 1 M electrolyte solutions containing
different salts. Electrolyte concentrations of the
solutions were adjusted with an automatic pipette.

RESULTS AND DISCUSSION
Characterization of Montmorillonite Clay

XRD, XRF, N,-BET, SEM and FT-IR analysis.
The XRD pattern of the montmorillonite is shown
in Figure 1 and the crystallographic parameters are
evaluated by measuring the (001) and (080) peaks.
The peaks marked as montmorillonite are indicative
of 2:1 swelling clay and confirm the characteristics
of the montmorillonite type clay. The other peaks
are  impurities  corresponding to  quartz.
Montmorillonite exhibits a diffraction peak of the
(001) plane at 206 = 19.733, which corresponds to its
basal spacing of 4.99 A. The (080) reflection at 260
= 68.823 indicates that montmorillonite has a
dioctahedral structure [7, 8].

Montmorillonite

Montmorillonite

Montmorillonite

Montmorillonite

a an 40 50 60 Y 80

Position, [°2Th.]
Fig. 1. XRD pattern of montmorillonite clay.

X-ray fluorescence (XRF) method has been used
to identify the major minerals and chemical
compounds present in the clays. The specific
surfaces area of montmorillonite (measured by N,-
BET) was 95.36 m* g™*. The chemical compositions
and some index properties of the montmorillonite
sample were given in Table 1.

SEM image of the montmorillonite is given in
Figure 2. The surface morphology of
montmorillonite demonstrates a layered surface
with some large flakes, which is the typical
structure for montmorillonite. When this image was
analyzed, it could be observed that surface of the
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Table 1. Chemical composition of montmorillonite
(@) and physicochemical properties of montmorillonite

(b).

Component Weight (%)
SiO, 49.40
Al,O3 19.70
MgO 0.27
@) Ca0 1.50
Fe,04 0.30
Na,O 1.50
H,O 25.67
Parameters Value
Color White
Density (g cm™®) 23-3
Semi-transparent
(b)  Transparency and opaque
Brightness Matt
Surface Area (m® g™) 95.36
Reflective index 1-2

Fig. 2. SEM picture of montmorillonite pacles.

clay didn’t have homogenous dispersion. In
addition, clay structure has pores which randomly
distributed with different sizes. Surface images of
montmorillonite clay sample used in this study are
similar to the literature [9, 10].

In the FT-IR spectrum (Fig. 3) of
montmorillonite the broad band centered near 3495
cm™ is due to the —OH stretching mode of the
interlayer water. The overlaid absorption peak in
the region of 1654 cm™ is assigned to the —OH
bending mode of adsorbed water. The characteristic
peak at 1127 cm™ is due to the Si—O-Si stretching
and out of plane Si—O-Si stretching mode for
montmorillonite. The band at 1048 cm™ is assigned
to the Si—O-Si stretching (inplane) vibration for
layered silicates. The band in the region of 873 cm™
is due to the Si—-O-Al stretching mode for
montmorillonite. The FT-IR peaks at 531 cm™ and
472 cm™ are assigned to the Si—-O-Al and Si-O-Si
bending vibration, respectively [11, 12].

260

80

60

40

T [%]

0
4200 3400 2600 1800 1000 200

Wavenumber [cm]

Fig. 3. FT-IR spectra of montmorillonite.

Measurement of Zeta Potential and pH profiles of
montmorillonite

The pH profiles of montmorillonite in a 1.5 wt
% suspension as a function of time is presented in
Fig. 4 at natural, acidic and basic pHs. When
montmorillonite was added to distilled water of pH
5.45, the suspension pH raised to 8.15 in 45 min
and to 7.7 after 75 min and then remained almost
constant upon reaching to the equilibrium pH of
7.7. The reason for the rapid rise in the suspension
pH in the first 45 min can be ascribed to the rapid
adsorption of H* ions in water both onto the
negatively charged montmorillonite surface and as
potential determining ions (pdi) in the electrical
double layer (EDL) in order to provide
electroneutrality. In addition, the H* ions in
solution exchanged with some of the cations in
the montmorillonite lattice leading to the
consumption of H* ions in suspension. When
the initial pH was adjusted to 4.00, after
montmorillonite addition, the suspension pH
raised to 6.20 in 30 min, and then increased till
it reached equilibrium around pH 7.24.

—e—pH: 4.00

—=—pH: 9.00

—&—pH: 5.45 (Natural)

0 25 50 75 100 125 150 175 200
Time [min]
Fig. 4. The pH variation of montmorillonite suspension
at different pHs.
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The reasons for the rapid rise in pH are the
same as above. When the initial pH was
adjusted to 9.00, after montmorillonite
addition, the suspension pH decreased to 8.89
in 90 min, and reached its equilibrium at pH
8.72 in about 180 min. The decrease of the
suspension pH can be attributed to the
adsorption of OH’ions onto the positive sites on
the montmorillonite surface. Thus,
montmorillonite suspensions exhibited a buffer
pH around pH 8 [13, 14].

Effect of solid concentration

The solid concentration in solution is a major
parameter governing the surface charge generation.
To determine the effect of solid-to-solution ratio on
the =zeta potential, different montmorillonite
dispersions were prepared at concentrations
between 0.01-0.50 g/100 mL in distilled water and
their zeta potentials were measured (Fig. 5). It was
observed that there is no significant effect of the
solid concentration on the zeta potential of
montmorillonite suspensions. Thus, subsequent
experiments were carried out at 0.15 g/100 mL
solid-to-solution ratio [15].

-3

4

-5

|

Zeta potential [mV)]

0.00 0.05 0.10 0.15 0.20 025 0.30

Clay concentration [g/100 mL]

Fig. 5. Zeta potential of montmorillonite as a function of
solid concentration.
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—e—Initial pH-Initial pH

00 20 40 60 80 100 120 140
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Zero point charged of montmorillonite

The zeta potential of montmorillonite particles
was plotted as a function of the dispersion pH
(Figure 6). Zeta potential has low negative value for
pH values less than pH 8.04 and it is essentially pH
independent at pH range of 2 and 8.04. But, zeta
potential has more negative value for pH values
higher than pH: 8.04. In this figure, two different
types of charge on the montmorillonite particle
surface are apparent. The decrease in zeta potential
at pH>8.04 was mainly due to the adsorption of
OH" on the positive edges of the clay particles,
which acquire negative charge. At the lowest pH
values, the zeta potential analysis indicated lower
negative values owing to the H* adsorption on the
negative charged sites on the particle surface [17].
The montmorillonite particles dissolved at pH
values lower than 2 and this resulted in more
negative surface charge.

Effect of metal salts on the zeta potential of
montmorillonite

The results obtained at natural pH of the
medium with monovalent electrolytes such as
NaCl, KCI and LiCl and were shown in Figure 7.
The increasing concentrations of monovalent
cations (NaCl, KCI and LiCl) converted the
negative surface charge to less negative value. This
result can be explained in the following manner: the
monovalent ions added to the solution are known as
indifferent electrolytes except their ion exchange
tendency [18]; they cannot adsorb specifically onto
montmo-rillonite, and are not capable of causing a
charge reversal. Fig. 7 showed the zeta potential of
montmorillonite in the presence of various divalent

electrolytes such as. CaCl,, Ca(NOs), and
Pb(NO3),.
0
-15
é-so ]
§.4s
£
2 -60
g
N -75
90 T T T T T T T
0 2 4 G 8 10 12 14
Final pH

Figure 6. Zeta potential of montmorillonite as a function of pH
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As the concentration of divalent electrolytes
ions increase in the solution, the zeta potential of
montmorillonite decreases (becomes less negative).
CaCl,, Ca(NOs), and Pb(NO:s), electrolytes species
were selected as divalent ions because natural water
normally contains an appreciable quantity of them.
It was found that montmorillonite were negatively
charged each of the three electrolyte concentrations
less than 1x10 2 M. In each of the three types of
salt, at 1x10* M concentration montmorillonite
surface of the electrolyte concentration is almost
zero charged [15]. Fig. 7 has shown the effect of
trivalent electrolyte ions such as FeCl; and
Fe(NOs); on the zeta potential of montmorillonite
sample. Addition of FeCl; and Fe(NOs); reduces
the zeta potential of montmorillonite suspensions
steadily starting from 1x10° to 1x10™" M. Zeta
potentials of montmorillonite samples were positive
in the presence of FeCl; and Fe(NO;s); at
concentration of more than 1x10° M and 1x10°?
M, respectively [14]

20

—e—NaCl —a—LiCl

——KCl —e—CaCl2
——Ca(N03)2 —8—Pb(NO3)2
—A—Fe(NO3)3 —€—FeCl3

Zeta potential [mV]

0 -1 2 3 -4 -5 -6
Log [C]

Figure 7. The variation of zeta potential of
montmorillonite samples with monovalent, divalent and
trivalent electrolytes at various concentrations.

CONCLUSIONS

The main results of the present study can be
given as follows:

e The characterization of the montmorillonite was
performed by using XRD, XRF, FTIR, SEM
imaging, and N»,-BET analysis

e Montmorillonite suspensions exhibit a buffer pH
around pH 8.

o It was observed that there is no significant effect
of the solid concentration on the zeta potential
of montmorillonite suspensions.

e Natural montmorillonite particles didn’t have
point of zero charge even at pH 2.

o In presence of monovalent electrolytes (NacCl,
KCI and LiCl), the surface is, at first, more
negatively charged, and then the negative charge
decreases as the concentration of electrolyte
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increases. While the divalent cations such as
Ca®* and Pb?* provided neutral charge at 1x10"'
M concentration, iron ions caused the charge
reversal from the negative to positive at 1x10™'
M concentration.

e The results of characterization and
elektrokinetic ~ experiments  showed  that
montmorillonite clay would be used effectively
in removal of cationic species from waters. The
strong negative surface charge and porous
structure of montmorillonite will enable to
adsorb more organic and inorganic cations to its
interior.
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OXAPAKTEPU3UPAHE U EJIEKTPOKUHETUYHU CBOMCTBA HA MOHTMOPUJIOHUT
B. A. (DI/IJ'Il’Z, JIx. ﬁ03MeTHH2, M. K0p1<Ma32

1ﬂenapmamenm 10 eKoNo2UYHO uHICceHepcmeo, Yuusepcumem Amamiwopk, 25240 Epzypym, Typyus
2 Jenapmamenm no exonozuuno undicenepcmeso, Yuusepcumem baxxecup, 10145 Yauc-Baxkecup, Typyus

IMocrhnuna Ha 6 MapT; kopurupana Ha 29 asryct, 2013
(Pestome)

OmnpenensHeTo Ha TMOBBPXHOCTHHUTE CBOWCTBA HAa MOHTMOPHJIOHMTOBH TJHMHH € BaXEH KPUTEpU 3a
aJICOPOIIMOHHUTE MY CITOCOOHOCTH CIPSIMO aHUOHU M KaTHOHH, CBHABPXKAIIUWE Ce B OTHaJbYHU BOIU. B HacTosimara
paboTa ca W3CIEIBAHU EIIEKTPO-KUHETHYHHTE MY MOBBPXHOCTHM CBOWCTBAa H3MOJ3BAWKKA MHKpOeneKkTpodopesa.
AHamu3bT Ha (-TIOTEHIMANA ¢ W3BBPIICH Ype3 W3MEPBAHMSA HA EIEKTPO-KMHETHUHUS MOTEHIMAN KaTo (YHKIHS Ha
KOHIIEHTpAIMATA HA CONM W paBHOBecHOTO pH Ha pastBopure. HamepeHo e, ue (-OTEHNHATBT Ha YACTHIUTE €
orpunarencH 3a eqroanentar Karnoru (KCI, LiCl, NaCl), no6asenun xbMm pasrsopa. JIsyBanenruure katronu (CaCly,
Ca(NOs3),, Pb(NOs),) morar na noBemaT 10 HEyTpaleH 3apsa NPU MAaKCUMAIHU KOHIICHTpAaUWH. B IOMbIHEHHE,
MOHTMOPHUIIOHUTHT WUMa OTpulatencH 3apsn gopu npu pH 2 wu cam tpuBanentHu katuonu (Fe(NOj)s;, FeCls)
OCHTYpsIBAT TIOJIOKUTENICH 3apsi Ha TOBBPXHOCTTa TIPH BHCOKH KOHIEHTpamuu. OxapakTepusHpaHeTo Ha
MoHTMOpuiIoHUT € u3BbpumeHo upe3 XRD, XRF, FTIR, SEM o6pa3u u N,-BET-ananuzu. Onpenenenara mopbo3Ha
CTPYKTYpa ¥ CHJIHUAT OTPHUIIATENICH TIOBBPXHOCTEH 3apsi/] MOKA3BaT, 4e Ta3d IJIMHA MOXE J1a C€ MU3I0JI3Ba YCIENIHO 32
OTCTPaHSBAHETO HAa KATHOHU OT BOJUTE.
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dihydroxymethylpyridines

D. Shahabi!, M.A. Amrollahi®, A. Mobinikhaledi*?

!Department of Chemistry, Faculty of Science, Yazd University, 89195-741, Iran
’Department of Chemistry, Faculty of Science, Arak University, Arak, Iran

Received: March 19, 2013; revised: September 11, 2013

The reduction of 2,4,6-sustituted pyridine-3,5-dicarboxylate derivatives to give novel and water-soluble
corresponding 2,4,6,-substituted 3,5-dihydroxymethylpyridines was achieved in good yields using lithium aluminum

hydride at 0-30°C in dry THF.

Keywords: Pyridine derivatives, Esters, Lithium aluminum hydride, Reduction

INTRODUCTION

The pyridine ring has found as a most prevalent
heterocyclic ring in biological active compounds,
drugs and medicinal chemistry[1-14]. In
pragmatical industry, the pyridine ring forms the
nucleus of over 7000 existing drugs.!”® Keeping in
view the above-mentioned applications of this
important ring, the synthesis of some pyridine
derivatives which can be probe in biological media
is a topic of current interest. Reduction of ester
groups of organic materials with LiAlH,, which is a
known procedure,***® increases their water
solubility. In view of this report and also as a
continuation of our work on the synthesis of
pyridine derivatives,*¥ the present work aimed at
designing and synthesizing of some water-soluble
pyridine derivatives, which could function in an
organic solvent-free solution and thereby could
function in biological systems.

EXPERIMENTAL

All chemicals were purchased from Merck
company. Hantzsch 1,4-dihydropyridines were
prepared using the appropriate aldehyde,
ammonium carbonate and ethyl acetoacetate.19
Diethyl 2,6-dimethyl-4-arylpyridine-3,5-
dicarboxylates were prepared from corresponded
1,4-dihydropyridines by oxidation with H202-
AcOH/Nal. Column chromatography was carried
out on flash silica gel (230-400 mesh, Merck) using

* To whom all correspondence should be sent:
E-mail: akbar_mobini@yahoo.com

the indicated eluent. The spectroscopic data of
synthesized compound were assigned by IR and
NMR spectroscopy. IR spectra were recorded on
Brucker spectrometer FT-IR. NMR spectra were
obtained using 9.4 T vertical bore spectrometer (1H
400 MHz; 13C 100 MHz) or 11.7 T vertical bore
spectrometer (1H 500 MHz; 13C 125 MHz; 19F
470 MHz). 1H and 13C chemical shifts are
referenced to TMS as an internal standard, 19F to a
dilute solution of trifluoroacetic acid (TFA) in
capillary column as an external reference. Chemical
shifts are given as 6 ppm values and J values are
given in hertz (Hz).The elemental analysis was
carried out in Microanalytical Lab, Department of
Chemistry, Tarbiyat Moallem University, Tehran,
Iran.

3,5-Dihydroxymethyl-4-(phenyl)-2,6-
dimethylpyridine (5a).

To a magnetically stirred slurry of LiAIH4 (2.2
mmol, 0.083 g) in anhydrous THF (5.0 mL), a
solution of diethyl 2,6-dimethyl-4-phenylpyridine-
3,5-dicarboxylate (1 mmol, 0.33 g) in anhydrous
THF (5.0 mL) was added drop-wise at 0 °C for 5
min. The reaction mixture was further stirred
magnetically for 2.5 h at 30 °C. Excess LiAlH4 was
guenched by adding saturated aqueous sodium
sulfate solution and the reaction mixture was
filtered. The solid cake was washed with THF and
the filtrate concentrated under reduced pressure.
The latter was extracted with chloroform (2x25
mL) and water (12.5 mL) and dried (Na2S04),
organic layer was concentrated under reduced
pressure to give a crud mass, which was

© 2011 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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chromatographed over SiO2 column using
chloroform/ethyl acetate (30:70) as eluent to give
3,5-dihydroxymethyl-2,6-dimethyl-4-
phenylpyridine as a pale yellow oil, Yield 87%. FT-
IR: vmax (neat): 3322 (OH-stretching); 1H NMR
(500 MHz, CDCI3): 6 2.70 (s, 6H, 2xCH3), 3.54 (s,
2H, 2xOH), 4.38 (s, 4H, 2xCH2), 7.22-7.48 (m,
5Harom) ppm; 13C NMR (100 MHz, CDCI3): &
19.9, 58.7, 127.6, 128.6, 129.5, 137.6, 150.3, 156.7
ppm. Anal. Calcd. for C15H17NO2: C, 74.03; H,
7.04. Found: C, 73.85; H, 7.34.
3,5-Dihydroxymethyl-4-(2-fluorophenyl)-2,6-
dimethylpyridine (5b)

Reduction of diethyl 2,6-dimethyl-4-(2-
fluorophenyl)-pyridine-3,5-dicarboxylate (1 mmol,
0.34 g) with LiAIH4 (2.2 mmol, 0.083 g) and work-
up as described above gave 3,5-dihydroxymethyl-4-
(2-fluorophenyl)-2,6-dimethylpyridine  as  pale
yellow oil, Yield 83%. FT-IR: vmax (neat):
3161 (OH-stretching); 1H NMR (500 MHz,
CDCI3): & 2.71 (s, 6H, 2xCH3), 3.70 (s, 2H,
2xOH), 4.32-4.45 (m, 4H, 2xCH2), 7.22-7.27 (m,
3Harom), 7.44-7.45 (m, 1Harom) ppm; 13C NMR
(100 MHz, CDCI3): & 22.5, 58.6, 115.3 (2JC-F=
21.0 Hz), 124.0 (4JC-F= 2.6 Hz), 124.9 (J= 20 Hz),
130.1 (3JC-F= 3.6 Hz), 130.2 (3JC-F= 7.9 Hz),
132.0, 143.7, 156.5, 159.5 (1JC-F= 246 Hz) ppm;
19F NMR (470 MHz, D20): § -114.69 ppm. Anal.
Calcd. for C15H16FNO2: C, 68.93; H, 6.17.
Found: C, 69.22; H, 6.24.
3,5-Dihydroxymethyl-4-(3-fluorophenyl)-2,6-
dimethylpyridine (5¢)

Reduction of diethyl 2,6-dimethyl-4-(3-
fluorophenyl)-pyridine-3,5-dicarboxylate (1 mmol,
0.34 g) with LiAIH4 (2.2 mmol, 0.083 g) and work-
up as described above gave 3,5-dihydroxymethyl-4-
(3-fluorophenyl)-2,6-dimethylpyridine  as  pale
yellow oil, Yield 84%. FT-IR: vmax (neat): 3350
(OH-stretching); 1H NMR (400 MHz, CDCI3): 6
2.70 (s, 6H, 2xCH3), 3.61 (s, 2H, 2xOH), 4.38 (s,
4H, 2xCH2), 7.00-7.43 (m, 4Harom) ppm; 13C
NMR (125 MHz, CDCI3):  22.7, 59.2, 115.6 (2JC-
F=20.8 Hz), 116.5 (2JC-F= 22.2 Hz), 125.0 (4JC-
F= 2.9 Hz), 128.3, 130.2 (3JC-F= 8.4 Hz), 139.0
(3JC-F= 7.9 Hz), 147.3, 154.1, 162.7 (1JC-F= 246
Hz) ppm; 19F NMR (470 MHz, D20): § -113.95
ppm. Anal. Calcd. for CI15H16FNO2: C, 68.93; H,
6.17. Found: C, 68.95; H, 6.02.
3,5-Dihydroxymethyl-4-(4-fluorophenyl)-2,6-
dimethylpyridine (5d)

Reduction of diethyl 2,6-dimethyl-4-(4-
fluorophenyl)-pyridine-3,5-dicarboxylate (1 mmol,
0.34 g) with LiAIH4 (2.2 mmol, 0.083 g) and work-
up as described above gave 3,5-dihydroxymethyl-4-
(4-fluorophenyl)-2,6-dimethylpyridine  as  pale

yellow oil, Yield 83%. FT-IR: vmax (neat):
3382 (OH-stretching); 1H NMR (500 MHz,
CDCI3): & 2.65 (s, 6H, 2xCH3), 2.19 (s, 2H,
2x0OH), 4.29 (s, 4H, 2xCH2), 7.09 (t, J= 8.7 Hz,
2Harom), 7.22-7.25 (m, 2Harom) ppm; 13C NMR
(100 MHz, CDCI3): 8 22.2, 58.5, 115.1 (2IC-F=
22.0 Hz), 128.4, 130.5 (3JC-F= 8.0 Hz), 132.4
(4JC-F= 2.9 Hz), 147.3, 159.3, 162.6 (1JC-F= 248
Hz) ppm; 19F NMR (470 MHz, D20): 6  -115.0
ppm. Anal. Calcd. for C15H16FNO2: C, 68.93; H,
6.17. Found: C, 69.18; H, 5.97.
3,5-Dihydroxymethyl-4-(4-trifluoromethylphenyl)-
2,6-dimethylpyridine (5e)

Reduction of diethyl  2,6-dimethyl-4-(4-
trifluoromethylphenyl)-pyridine-3,5-dicarboxylate
(1 mmol, 0.40 g) with LiAIH4 (2.2 mmol, 0.083 g)
and work-up as described above gave 3,5-
dihydroxymethyl-4-(4-trifluoromethylphenyl)-2,6-
dimethylpyridine as a pale yellow oil, Yield 78%.
FT-IR: vmax (neat): 3420 (OH-stretching); 1H
NMR (400 MHz, DMSO): § 2.54 (s, 6H, 2xCH3),
4.78 (s, 2H, 2xOH), 4.06 (s, 4H, 2xCH2), 7.46-7.48
(m, 2Harom), 7.79-7.81 (m, 2Harom) ppm; 13C
NMR (100 MHz, CDCI3): & 20.0, 58.5, 124.6,
128.8, 129.2, 129.4, 130.0, 141.8, 149.0, 156.7
ppm; 19F NMR (470 MHz, D20): § -109.77 ppm.
Anal. Calcd. for C16H16 F3NO2: C, 61.71; H,
5.17. Found: C, 61.55; H, 5.25.
3,5-Dihydroxymethyl-4-(2-pyridyl)-2,6-dimethyl-
pyridine (5f)

Reduction of diethyl 2,6-dimethyl-4-(2-pyridyl)-
pyridine-3,5-dicarboxylate (1 mmol, 0.33 g) with
LiAIH4 (2.2 mmol, 0.083 g) and work-up as
described above gave 3,5-dihydroxymethyl-4-(2-
pyridyl)-2,6-dimethylpyridine as a pale yellow oil,
Yield 81%. FT-IR: vmax (neat): 3329 (OH-
stretching); 1H NMR (400 MHz, CDCI3): 5 2.68 (s,
6H, 2xCH3), 3.68 (s, 2H, 2xOH), 4.30 (s, 4H,
2xCH2), 7.40-7.43 (m, 2Harom), 7.55-7.57 (m,
1Harom), 7.84-7.86 (m, 1Harom) ppm; 13C NMR
(100 MHz, CDCI3): 6 19.7, 59.3, 123.3, 124.0,
125.4, 136.8, 148.8, 149.0, 156.2, 157.2 ppm. Anal.
Calcd. for CL4H16N202: C, 68.81; H, 6.60. Found:
C, 68.70; H, 6.77.
3,5-Dihydroxymethyl-4-(3-pyridyl)-2,6-dimethyl-
pyridine (5g)

Reduction of diethyl 2,6-dimethyl-4-(3-pyridyl)-
pyridine-3,5-dicarboxylate (1 mmol, 0.33 g) with
LiAIH4 (2.2 mmol, 0.083 g) and work-up as
described above gave 3,5-dihydroxymethyl-4-(3-
pyridyl)-2,6-dimethylpyridine as a pale yellow oil,
Yield 82%. FT-IR: vmax (neat): 3300 (OH-
stretching); 1H NMR (500 MHz, CDCI3): 4 2.70 (s,
6H, 2xCH3), 3.58 (s, 2H, 2xOH), 4.32 (s, 4H,
2xCH2), 7.34-8.54 (m, 4Harom) ppm; 13C NMR
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(125 MHz, CDCI3): é 19.8, 58.2, 1254, 133.1,
133.8, 145.9, 147.2, 159.3 ppm. Anal. Calcd. for
C14H16N202: C, 68.81; H, 6.60. Found: C, 68.84;
H, 6.79.
3,5-Dihydroxymethyl-4-(4-pyridyl)-2,6-dimethyl-
pyridine (5h)

Reduction of diethyl 2,6-dimethyl-4-(4-pyridyl)-
pyridine-3,5-dicarboxylate (1 mmol, 0.33 g) with
LiAIH4 (2.2 mmol, 0.083 g) and work-up as
described above gave 3,5-dihydroxymethyl-4-(4-
pyridyl)-2,6-dimethylpyridine as a pale yellow oil,
Yield 80%. FT-IR: vmax (neat): 3323 (OH-
stretching); 1H NMR (500 MHz, CDCI3): § 2.62 (s,
6H, 2xCH3), 3.60 (s, 2H, 2xOH), 4.36 (s, 4H,
2xCH2), 7.20-7.26 (m, 2Harom), 8.61-8.64 (m,
2Harom) ppm; 13C NMR (125 MHz, CDCI3): §
20.0, 67.6, 124.5, 125.9, 144.2, 147.7, 148.8, 156.8
ppm. Anal. Calcd. for C14H16N202: C, 68.81; H,
6.60. Found: C, 68.53; H, 6.82.
3,5-Dihydroxymethyl-4-(3-hydroxyphenyl)-2,6-
dimethylpyridine (5i)

Reduction of diethyl 2,6-dimethyl-4-(3-
hydroxyphenyl)-pyridine-3,5-dicarboxylate (1
mmol, 0.34 g) with LiAIH4 (2.2 mmol, 0.083 )
and work-up as described above gave 3,5-
dihydroxymethyl-4-(3-hydroxyphenyl)-2,6-
dimethylpyridine as a pale yellow oil, Yield 80%.
FT-IR: vmax (neat): 3441 (OH-stretching); 1H
NMR (500 MHz, CDCI3): 6 2.68 (s, 6H, 2xCH3),
3.54 (s, 2H, 2x0OH), 4.32 (s, 4H, 2xCH2), 6.28-7.32
(m, 4Harom) ppm; 13C NMR (100 MHz, CDCI3):
0 19.2, 58.3, 115.3, 116.1, 120.1, 124.3, 1334,
142.0, 150.1, 156.9, 160.4 ppm. Anal. Calcd. for
C15H17NO3: C, 69.46; H, 6.60. Found: C, 69.63;
H, 6.48.
3,5-Dihydroxymethyl-4-(4-hydroxyphenyl)-2,6-
dimethylpyridine (5j)

Reduction of diethyl 2,6-dimethyl-4-(4-
hydroxyphenyl)-pyridine-3,5-dicarboxylate (1
mmol, 0.34 g) with LiAIH4 (2.2 mmol, 0.083 g)
and work-up as described above gave 3,5-
dihydroxymethyl-4-(4-hydroxyphenyl)-2,6-dime-

thylpyridine as a pale yellow oil, Yield 82%. FT-
IR: vmax (neat): 3268 (OH-stretching); 1H NMR
(500 MHz, CDCI3): 6 2.63 (s, 6H, 2xCH3), 3.58 (s,
2H, 2xOH), 4.20 (s, 4H, 2xCH2), 7.24-7.56 (m,
4Harom) ppm; 13C NMR (125 MHz, CDCI3): §
19.8, 58.0, 115.1, 125.4, 131.4, 132.2, 150.5, 156.3,
164.1 ppm. Anal. Calcd. for C15H17NO3: C,
69.46; H, 6.60. Found: C, 69.79; H, 6.72.

RESULTS AND DISCUSSION

Initially, the condensation of an aromatic
aldehyded 1, ethyl acetoacetate 2, and ammonium
carbonate resulted in Hantzch 1,4-dihydropyridnes
(1,4-DHPs) 3.[19] 1,4-Dihydropyridnes 3 was then
converted to corresponding pyridine derivatives
4a-j using H202-AcOH/Nal oxidation system[20]
as shown in Scheme 1. These synthesized
compounds containing one phenyl and two ester
groups are not water-soluble. The reduction of two
ester groups on the pyridine ring was tested by
using molar ratios of diethyl 2,6-dimethyl-4-
phenylpyridine-3,5-dicarboxylate/LiAIH4 of 1:2,
1:2.2 and 1:3 equiv, respectively, in anhydrous
THF to give 5a-j. It was found that the second ratio
is sufficient to carry out the reduction successfully
so as to afford the desired product namely 3,5-
dihydroxymethyl-2,6-dimethyl-4-phenylpyridine in
87% vyield (Table 1, 5a). A reduction in the amount
of LiAIH4 from 2.2 to 1.1 equiv showed one ester
group is unreacted. An increase in the amount of
LiAIH4 from 2.2 to 3 equiv showed no substantial
improvement in the vyield. The conversion
proceeded smoothly within 2.3-2.5 h at 0-30 °C.
Under this optimized cost-effective reaction
condition, the scope of the reduction of ester groups
on the pyridine ring of the diethyl 2,6-dimethyl-4-
arylpyridine-3,5-dicarboxylate was explored to
prepare the corresponding 3,5-dihydroxymethyl-4-
aryl-2,6-dimethylpyridine 5a-j. In all cases, the
yield of reaction was 78-87% (Table 1) without
further reduction products.

Table 1. Reduction of 4a-j with LiAlH, in anhydrous THF at 0-30 °C to give 5a-j.

Compound 5 Ar Time (h) Yield® (%)
a Ph 2.5 87
b 2-F-ph 2.5 83
c 3-F-ph 2.5 84
d 3-F-ph 25 83
e 4-CF3-ph 2.4 78
f 2-pyridil 2.3 81
g 3-pyridil 2.3 82
h 4-pyridil 2.4 80
i 3-OH-ph 2.5 80
j 4-OH-ph 2.5 82

Yields refer to isolated pure products.
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Scheme 1. Synthetic pathway of 3,5-Dihydroxymethyl-4-aryl-2,6-dimethylpyridines 5a-j

3,5-Dihydroxymethyl-4-aryl-2,6-dimethyl-
pyridines were easily characterized using elemental
analysis, physical and spectral data. They were pale
yellow oily liquid and water-soluble compounds.

The IR spectra showed an absorption band at
3100-3500 cm-1 belongs to the stretch vibrations of
the two hydroxymethyl groups on the pyridine ring
of 5a-j and a further hydroxy group on the phenyl
ring. The 1H NMR spectra of the products showed
a singlet at 2.54-2.71 ppm region due to the
resonance of CH3 protons at C-2 and C-6 positions
and another singlet at 4.06-4.38 ppm as a resonance
of the methylen protons of the two hydroxymethyl
groups. This singlet is indicative of the presence of
the hydroxymethyl group on the pyridine ring,
which is in support of the expected reaction. The
1H NMR spectrum of 3,5-dihydroxymethyl-4-(2-
fluorophenyl)-2,6-dimethylpyridine (Table 1, 5b)
showed a multiple signal at 4.32-4.45 ppm, typical

of the coupling of fluorine atom with
hydroxymethyl group on the pyridine ring.
CONCLUSION

3,5-Dihydroxymethyl-4-aryl-2,6-

dimethylpyridines could be synthesized in good
yields by reduction of 1 equiv of diethyl 2,6-
dimethyl-4-arylpyridine-3,5-dicarboxylate with 2.2
equiv of LiAlIH4 in anhydrous THF at 0-30 °C. The
advantage of such molecules is their water
solubility which, could function effectively in
biological systems.
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Jafari,

CHUHTE3A HA HAKOU HOBU BOJ1O-PA3TBOPUMMU 2.4,6-3AMECTEHU 3,5-
JUXUJIPOMETUII-IIMPUINHN

I.. [laxa6u®, M.A. AMponaxnl, A. Mo6unnxanean*>

YKameopa no xumus, Hayuen paxynmem, Ynusepcumem 6 530, 89195-741, Hpan
2 Kameopa no xumus, Hayuen gpaxynmem, Ynusepcumem ¢ Apax, Apex, Hpan

TlocTermna Ha 6 MapT; Kopurupana na 29 asrycr, 2013

(Pesrome)

[MocTurnara e penykuus Ha 2,4,6-3aMecTeHH IPOU3BAOIHHE HA MUPUIUH -3,5-TUKapOOKCHIIKATH3A MOJIy4aBaHETO Ha
HOBH U BOJHO-pa3tBopumH 2,4,6,-3amecteHr 3,5-IMXUIPOKCUMETHIUPUINHE C J00BP JOOHB MTPH U3IOJI3BAHETO HA
nutueBo-atymunues xuapun npu 0-30°C B cyx terpaxuapodypas.
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The antioxidant properties of Galium verum L. (Lady’s Bedstraw) and Tragopogon pratensis subsp. pratensis
(Goat’s beard) methanol extracts, from localities in Serbia were evaluated, through determination of total phenolics and
flavonoids content, as well as DPPH" (1,1-diphenyl-2-picrylhydrazyl) radical scavenging, ABTS™ (2,2-azinobis-(3-
ethylbenzthiazoline-6-sulfonic acid) radical cation decolorization and ferricyanide methods. Methanol extracts of G.
verum showed stronger free radical scavenging activity (ICsy values of 26.98 ug/mL for DPPH’ decolorization assays
and 125.14 mg Trolox/ g dry extract for ABTS"" radical cation decolorization assays) and total reducing power (70.31
ug/mL) than methanol extracts of T. pratensis (SCsy values of 59.25 pg/mL for DPPH" decolorization assays and 6.31
mg Trolox/ g dry extract for ABTS"™" radical cation decolorization assays and 15.66 ug/mL of extract for total reducing
power). Observed could be connected with a much higher content of phenolic and flavonoid constituents in G. verum
extracts. Applying modified Ellman’s method, G.verum methanol extracts showed slight activation of humane serum
cholinesterase (16.28 + 0.09 %), while methanol extract of T. pratensis was proven as a weak inhibitor of the enzyme
(4.65 £ 0.08 %). Also, methanol extracts of G. verum and T. pratensis were tested in vitro using standard Drabkin’s
method to evaluate whether these extracts have hemolytic activity. Extracts of T. pratensis showed very strong
hemolytic activity (after the first hour of incubation 50% of hemolysis induced concentration of 501.97 = 32.65 pug/mL,
the second hour 499.98 + 38.45 pg/mL, 498.656 + 39.85 pg/mL of the third and fourth 421.33 + 34.98 ug/mL) while G.
verum extracts had weak hemolytic activity.

Keywords: antioxidant activity, hemolytic activity, cholinesterase inhibition, Galium verum L., Tragopogon
pratensis subsp. pratensis
INTRODUCTION Tragopogon pratensis subsp. pratensis (Goat’s

beard) is a annual/perennial plant, growing to 0.6 m.

Serbian flora represents an abundant resource
for scientific investigation. Above all, the genus
Galium (Rubiaceae) is represented by 37 species [1,
2]. Galium verum L. (Lady’s Bedstraw) is widely
distributed a perennial herbaceous plant with
golden yellow flowers that are 2-3 mm in diameter
and grouped in many-flowered panicles [3]. The
aerial parts of G. verum were used as a diuretic,
sedative or spasmolytic, as well as for rheumatic
diseases in the traditional medicine [4]. Upper
herbaceous parts of G. verum have beneficial
effects on nervousness, phobias, cardiovascular
diseases and liver disorders [5]. This herb has been
shown to contain speruloside, monotropein,
scandoside and geniposidic acid [4, 6, 7, 8], as well
as small amounts of tannins, saponins, essential
oils, waxes, pigments and vitamin C [8].

The genus Tragopogon L. comprises
approximately 100 species with a number of widely
introduced species [9]. The genus comprises
annual, biennial or mostly perennial herbs,

* To whom all correspondence should be sent:
E-mail: violetamitic@yahoo.com

T. pratensis is considered to be a useful remedy for
the liver and gallbladder. It appears to have a
detoxifying effect and may stimulate the appetite
and digestion. Its high inulin content makes this
herb a useful food for diabetics. The root is
astringent,  depurative, diuretic, expectorant,
nutritive and stomachic. Experimental studies of
methanol extracts of T. pratensis have shown that
phenolic compounds have antiproliferative and
tumor arresting effects [10].

Polyphenols are the major plant compounds that
are characterized by antioxidant activity. This
antioxidant activity of polyphenols is believed to be
mainly due to their redox properties [11], in
adsorbing and neutralizing free radicals, quenching
singlet and triplet oxygen, or decomposing
peroxides. Flavonoids are the most common and
widely distributed group of plant phenolics
compounds, occurring in almost all plants.
Flavonoids may have an additive effect to the
endogenous scavenging compounds and can prevent
injury caused by free radicals in various ways. One
way is the direct scavenging of free radicals.
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Flavonoids are oxidized by radicals, resulting in a
more stable, less-reactive radical.

For evaluations of antiradical activity of the
herbs extracts the most spread DPPH" and ABTS™
methods were used. Both radicals show similar bi-
phase Kinetic reactions with many antioxidants.
Both of them are characterized by excellent
reproducibility under certain assay conditions, but
they also show significant differences in their
response to antioxidants. The DPPH free radical
(DPPH") does not require any special preparation,
while the ABTS radical cation (ABTS™) must be
generated by enzymes or chemical reactions [12].
Another important difference is that ABTS can be
dissolved in aqueous and organic media, in which
the antioxidant activity can be measured, due to the
hydrophilic and lipophilic nature of the compounds
in samples. In contrast, DPPH can only be
dissolved in organic media, especially in ethanol,
this being an important limitation when interpreting
the role of hydrophilic antioxidants [13].

Radical cation ABTS™ interacts with the extract
or standard Trolox that suppressed the absorbance
of the ABTS". Trolox [6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid], a water
soluble vitamin E analog, serves as a positive
control inhibiting the formation of the radical cation
in a dose dependent manner. Results are expressed
as trolox equivalents that cause the same reduction
in absorbance as an appropriate concentration of the
sample.

Reducing power is considered to be a strong
indicator of the antioxidant activity and was
determined using a modified iron (l11) to iron (1)
reduction assay. Reducing agents, react with
potassium  ferricyanide to form potassium
ferrocyanide, which then reacts with ferric chloride
to form ferric ferrous complex that has an
absorption maximum at 700 nm. Compounds with
reducing power are electron donors and can reduce
the oxidized intermediates of lipid peroxidation
processes, so they can act as primary and secondary
antioxidants. The reducing ability is generally
associated with the presence of reductants which
exert antioxidant action through breaking the free
radical chain by donating a hydrogen atom or
preventing peroxide formation [14].

Acetylcholinesterase (AChE) plays the key role
in the hydrolysis of acetylcholine at the cholinergic
synapses, ending the transmission of nerve
impulses. Inhibition of the acetylcholinesterase is
considered as a promising strategy in confronting
neurological disorders such as Alzheimer's disease,
senile dementia, ataxia and myasthenia gravis. As
potent source of AChE inhibitors is are numerous
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plant natural products. Studies carried out earlier, in
order to find new molecules or a group of molecules
that can be used in the therapy without the toxicity
of the synthesized chemical compounds, included in
the beginning screening of plant’s extracts [15,16].

Taking into account the above mentioned
characteristics of G. verum and T. pratensis we
thought that it could be of relevance for their
medical use to examine the antioxidant capacity,
hemolytic  activity and  activity  against
cholineesterase.

Methanolic herbs extracts were characterized by
total polyphenol and flavonoides content. Free
radical scavenging capacity was evaluated by
measuring the scavenging capacity of extracts on
DPPH and ABTS™ radicals scavenging methods,
and reducing power assay Fe(lll) to Fe(ll). Anti-
cholinesterase action of selected extracts was tested
applying modified Ellman’s method [17]. Hemolytic
assay was done by using standard Drabkin’s method
to determine the percentage of hemolysis in the
RBC suspension [18].

MATERIALS AND METHODS
Chemicals and reagents

Folin-Ciocalteau reagent, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferrous chloride, gallic acid,
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic  acid  (Trolox),
butyrylthiocholine iodide (purity > 99%), DTNB,
neostygmine bromide were purchased from Sigma
Co. St. Louis, Missouri, USA.

All other chemicals and reagents used
(K3[Fe(CN)6], NaH2PO4-Na2HPO4, CCI3COOH,
ascorbic acid, butylhydroxytoluene (BHT), AICI3
rutin, CH3COONa, Na2CO3, potassium persulfate,
Methanol, were purchased from Merck, Darmstadt,
Germany. All the chemicals and reagents were of
analytical grade.

Apparatus

All  spectrophotometric  measurements  of
antioxidative potential of selected plant extracts and
were performed on a spectrophotometar Perkin
Elmer lambda 15.

All  spectrophotometric  measurements  of
inhibiton of humane serum cholinesterase were
performed on a Konelab 20 analyzer
(Thermofisher’Scientific) with flow thermostatted
cells, length 7 mm (at wave lennght 405 nm). The
advantage of the Konelab 20 analyzer, besides a
significant reduction in reagent consumption (200
pL), was the possibility of performing up to 20
analyses per hour.
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Plant material

Plant samples of the selected species Galium
verum L. and Tragopogon pratensis subsp pratensis
were collected from SeliCevica (43° 13' 58" N 21°
55' 51" E) and Lalinac (43° 20" 19" N 21° 47’ 04"
E) in June 2010, identified by dr Bojan Zlatkovic,
Deparment of Biology, and voucher specimens
were deposited at the same department, Faculty of
Science and Mathematics, Nis, Serbia.

Samples were dried under shade for seven days.
Dried samples were ground into a uniform powder
using a blender and stored in polyethylene bags at
room temperature.

Preparation of extracts - ultrasonic extraction

Grounded air-dried plant material (10 g) was
extracted with 100 mL 80 % methanol in the
presence of low-frequency ultrasound. Sonication
was performed 2 x 30 minutes using an ultrasonic
cleaning bath (Sonic, Ni§, Serbia; internal
dimensions: 30, 15, 20 cm; total nominal power:
350 W; and frequency: 40 kHz). The temperature
was maintained at 25 0C. At the end of the
extraction process, the combined MeOH extracts
were evaporated under vacuum to give crude
MeOH extracts that were subject to subsequent
analysis.

Determination of total phenolic content

The total phenolic concentration was determined
spectrophotometrically according to the Folin-
Ciocalteu colorimetric method [19] with slight
modifications. Methanol extract solution (0.1 mL),
1 mL of Folin-Ciocalteau reagent, were mixed into
a 20 mL calibrated flask. After 1 min, 4 mL of
sodium carbonate (20 %, v/v) was added and the
volume was made to 20 mL with distilled water;
finally, the mixture was allowed to stand at room
temperature in dark for 30 min and the absorbance
of the solution at 750 nm was measured with a
Perkin-Elmer Lambda 15 UV-VIS
spectrophotometer. If the sample absorbance
exceeded, the sample was appropriately diluted to
give reading less than total phenolics were
guantified by calibration curve obtained from
measuring the absorbance of the known
concentrations of gallic acid standard solutions (15-
350 pug/mL in 80 % methanol). Since ascorbic acid
also contributes to the formation of the blue
molybdenum-tungsten complex, it is important to
correct for the absorbance originating from it. An
ascorbic acid calibration curve was therefore
prepared. The total phenol compounds reported in
this paper have all been corrected for ascorbic acid.

Data were expressed as mg of gallic acid
equivalents (GAE)/g of extract [20].

Determination of total flavonoid content

The amount of total flavonoids was determined
with aluminium chloride (AICI3) colorimetric assay
according to a known method [13]. Briefly, 0.5 mL
of each extract was made up to a final volume of 1
mL with reaction medium
(MeO/H20/CH3COOH=14:5:1). Prepared solution
was mixed with AICI3 reagent (4 mL, 133 mg of
AICI3x6H20 and 400 mg of CH3COONa dissolved
in 100 mL H20). After 5 min, the absorbance level
was measured versus prepared reagent blank
(containing the same chemicals, except for the
sample) at 430 nm (Perkin-Elmer Lambda 15 UV-
VIS spectrophotometer). Total flavonoid content
was calculated on the basis of the calibration curve
of rutin and expressed by mg rutin/g dry extract.
[19].

Antioxidant assay

The free radical-scavenging activity was
determined by different in-vitro methods such as the
DPPHe free radical scavenging assay, the ABTSe+
radical cation decolorization assay and reducing
power methods. All the assays were carried out in
triplicate and average value was considered.

DPPH-* radical scavenging activity

DPPHe scavenging activity of the plant extract
was carried out according to the method [13].
Briefly, 10 pL of each extract was mixed with 90
umol/L. DPPHe in methanol (1.0 mL) and made up
with methanol to a final volume of 4.0 mL. The
mixtures were shaken vigorously and incubated in
dark for 60 min at room temperature. Absorbance of
the resulting solution was measured at 517 nm
(Perkin-Elmer Lambda 15 UV-VIS
spectrophotometer). All reactions were carried out
with BHA (Butylated Hydroxy Anisole) as a
positive control. The DPPHe scavenging activity
was expressed by radical scavenging capacity using
the following equation:

DPPHe RSC (%) = 100 (A0 - A 1/ A0)

where A0 was the absorbance of the control
reaction (full reaction, without the tested extract or
BHT) and Al was the absorbance in the presence of
the sample. DPPHe stock solution was stored at 4
O0C until it was used. The SC50 value, which
represented the concentrations of the extracts in the
reaction mixture that caused 50 % inhibition, was
determined by the linear regression analysis from
the obtained. Decreased absorbance of the reaction
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mixture indicates DPPHe radical-

scavenging activity.

stronger

ABTS*+ radical cation decolorization assay

Antioxidant capacity was measured based on the
scavenging of ABTSe+ radical cation method.
Concentration of ABTS solution was 7mM and it
mixed with 2.45 mM potassium persulfate and
incubated for 12-16 h in dark to generate ABTSe+
radical cation. The ABTSe+ solution was diluted
with ethanol, to give an absorbance of 0.700 +
0.050 at 734 nm. All samples were diluted
appropriately to give absorbance values 20-80 % of
that of the blank. Then fifty microlitres of diluted
sample were mixed with 1.9 mL of diluted ABTSe+
solution.

The mixture was allowed to stand for 6 min at
room temperature and the absorbance was
immediately recorded at 734 nm. Trolox solution
(final concentration 0-15 puM) was used as a
reference standard. The results were expressed as
mg Trolox/ g dry extract [21].

Reducing power assay Fe(l11) to Fe(ll)

Each prepared extract (10 pL) was mixed with
K3[Fe(CN)6] (1 mL, 1 %) and NaH2PO4-
Na2HPO4 buffer (1 mL, 0.2 mol/L, pH 6.6). These
mixtures were incubated at 50 0C for 30 min, then
trichloroacetic acid (1 mL, 10 %) was added and
mixtures were centrifuged at 3000 rpm for 10 min.
Finally, the supernatant fractions (1 mL) were
mixed with distilled water (1 mL) and FeCI3 (0.2
mL, 0.1 %). The absorbances of resulting solutions
were measured at 700 nm. For each sample three
replicates were carried out. Reducing power assay
Fe(lll) to Fe(ll) was calculated by the following
equation:

AEAC = CA(As/ Ap)

where CA- final concentration of ascorbic acid in
ug/mL, AS- absorbance of the sample, AA-
absorbance of ascorbic acid [19]. Reducing power
was expressed as Ascorbate Equivalent Antioxidant
Capacity, AEAC, (ug of ascorbic acid/mL of
extract). Increased absorbance of the reaction
mixture indicates stronger reducing power.

CHOLINESTERASE INHIBITION
PROPERTIES

Cholinesterase source for the assay

A total of 10 healthy volunteers (18-65 years old
from both sexes), from the Pirot General Hospital,
donated blood with written consent. According to
the questionnaire, none of them had serious medical
disorders, nor are or have been drug, cigarette, or
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alcohol abusers. At least a month before the blood
donation, none of them had been taking any
medication. From all participants, a 5 mL blood
sample was collected in a Vacutainer tube,
centrifuged at 3000 rpm for 10 min and the serum
supernatant was collected and used as the source of
the enzyme for the assay and for the spiked sample
preparations.
PROCEDURE

Serum cholinesterase catalyzes the hydrolysis of
butyrylthiocholine to thiocholine, which reacts with
chromogen DTNB. The reaction rate is determined
from the rate of 5-thio-2-nitro benzoic acid
formation, measured at 405 nm, in six cycles of 28
sec. Analysed solutions (10 pL) were mixed with 10
uL of the pooled serum (diluted with the phosphate
buffer in ratio 1.9, v/v), and the phosphate buffer
solution (160 pL). These were preincubated for 10
minutes (at 310 K) when a DTNB solution (10 uL)
was added. After being allowed to stand 60 sec,
finally the substrate solution (BuTC, 10 pL) was
added.

RBC HEMOLYSIS ASSAY

Erythrocyte preparation

For the study healthy male Wistar rats 16 weeks
of age were used. Animals were kept in group cages
with 12 h light and 12 h dark cycle. Body weight
was in the range of 200-250 g and food and water
were supplied ad libitum. Experiment was done with
the approval of ethic committee of Faculty of
Medicine, University of NiS. Blood was obtained by
cardiatic puncture and collected in heparinized
tubes. Whole blood was centrifuged at 2200 rpm for
10 minutes at 4 OC. The buffy coat and plasma were
removed from the tube and the equal amount of PBS
(pH 7.4) was aded to the packed erythrocytes at the
bottom. The procedure was repeated three times to
obtain washed erythrocytes. At the end erythrocytes
were diluted with PBS to obtain 4 % suspension.
Erythrocytes suspension was used the same day for
the experiment.

Sample preparation and hemolytic assay

Plant extracts of both species were dissolved in
PBS (pH 7.4) and the final concentractions were
made up to give 750 pg/mL, 500 pg/mL, 250
pg/mL and 100 pg/mL.

Hemolytic assay was done as previously
described with some modifications [18]. Briefly,
200 pL of different concentractions of both plant
extracts were added to 200 pL of erythrocytes
suspension in a microtube. The positive control
consisted of 200 pL of distilled water and 200 pL of
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erythrocytes suspension. The negative control
consisted of 200 uL of phosphate-buffered saline
(PBS, pH 7.4) and 200 pL of erythrocytes
suspension. The mixtures were incubated at room
temperature and the percentage of hemolysis was
determinated after first, second, third and fourth
hour of incubation. Drabkin’s method was used to
measure the absorbance of hemoglobin and to
calculate the percentage of hemolysis, as previously
described [22].

In the end of incubation period, samples were
centrifuged at 2000 rpm for 10 minutes at 40C.
Supernatant volume of 200 pL was added to 3 mL
of Drabkin’s reagent. Mixture was shaken
vigorously and the absorbance was measured at 540
nm (Shimadzu UV-1650PC). Hemolysis percentage
was calculated by the equation:

% hemolysis = [(Ab of sample - Ab of negative
control) / Ab of positive control] x 100.

Statistical evaluation of data

The evaluation of the obtained analytical data
was performed by statistical means. All analyses
were run in triplicate. The elimination of outliers
was done by Grubb’s test, for each method the
arithmetic mean and the standard deviation were
calculated by Statistica 7 program. Significant

differences (p<0.05) between the means were
determined using Student’s t- test.

RESULTS AND DISCUSSION

The results of investigation of antioxidant
capacity, activity toward cholineesterase and
hemolytic activity are given in Tables 1 and 2, and
Fig. 1 and 2.

From the results it can be seen that:

- The G. verum methanol extract has much
higher antioxidant capacity compared to T. pratensis
methanol extract. Total flavonoid content was
fivefold higher, total phenol content two times
higher, and reducing power toward Fe3+
approximately four and half times higher. In DPPHe
assay the lower IC50 (extract concentration required
for 50% inhibition of the DPPH radical absorbance),
means a better radical scavenging ability [23]. G.
verum extract has 2.2 time lower IC50 than T.
pratensis extract, and 1.5 times lower than
commercial antioxidant BHT, which means that its
antioxidant capacity was 2.2 and 1.5 higher than
capacity of T. pratensis and BHT, respectively.

- Almost twenty times higher concentration of
Trolox equivalent (125.14 mg Trolox/ g dry extract)
was found in G. verum extracts than in T. pratensis
extracts (6.31 mg Trolox/ g dry extract).

Table 1. In vitro antioxidant activity, total phenols content, total flavonoids content and inhibiton of humane serum cholinesterase of

T. pratensis subsp. pratensis and G. verum L. methanol extracts

T. pratensis G. verum
Total flavonoids content (mg RE/g dry extract) 4.48 +0.38 9.05 +0.94
Total phenols content (mg GAE/g dry extract) 21.97+1.08 118.13 +9.64
Reducing power assay Fe(ll1) to Fe(ll) (ug of ascorbic acid/mL of extract) 15.66+0.67 70.31+£2.95
DPPH?e decolorization assays, ICsy (ng/mL of extract) 59.25+2.12 26.97+1.21
ABTSe«+ radical cation decolorization assays (mg Trolox/ g dry extract) 6.31 £0.66 125.14 £9.98
Inhibiton of humane serum cholinesterase ( %) * -4.65+0.08 +16.28 + 0.09

Results are average £SD for three independent observations

* Methanol extract of T. pratensis and G. Verum in concentration of 994.0 ng/mL GAE - gallic acid equivalents

RE - rutin equivalents

Table 2. Hemolytic activity (shown as percentage) of methanol exctracts T. pratensis subsp. pratensis and G. verum L. after first,

second, third and fourth hour of incubation

1h 2h 3h 4h
Conc. T T

(hg/mD} T.pr_aten G.veru p-value T.pr_ate G.ver p-value pratens G.ver p-value  praten G.ver p-value

sis m nsis um is um sis um
1.389+£0. 0.967+ 2.043+  1.042 1.699+ 0.445 - 3.127+ 0.445 .
100 45 030 %1% 066 065 %07 oog 025 000" gq9 igps 0000
2.908+0. 0.989+ . 11291 0.416 » 19443 0.224 - 27.063 0.277 .
250 27 0.22 0.000 +0.85 +0.11 0.000 +2.21 +0.19 0.000 +2.42 +0.09 0.000
26.259+  1.200+ . 51716 1599 ~ 56547 0.396 - 57.182 0.717 -
500 2.40 0.30 0.000 +1.52 +0.13 0.000 +3.16 +0.27 0.000 +3.22 +0.24 0.000
89.063+  1.981+ . 85701 2126 ~ 85651 1.123 - 85.244  1.275 .
750 13.60 0.20 0.000 +6.12 +0.19 0.000 +9.84 +0.22 0.000 +3.22 +0.21 0.000

Results are average +SD for three independent observations

*p <0.05 is significantly different by comparing methanol extracts T. pratensis subsp. pratensis and G. verum L.
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Fig. 1. Percentage of hemolysis MeOH exctracts T.
pratensis subsp. pratensis after first, second, third and
fourth hour of incubation.
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Fig. 2. Percentage of hemolysis MeOH exctracts G.
verum L. after first, second, third and fourth hour of
incubation.

- Methanol extract of T. pratensis in
concentration of 994.0 pg/mL showed only 4.65 £
0.08 % inhibiton of humane serum cholinesterase,
while G. verum in the same concentration,
showed slight activation of the enzyme (+16.28 £
0.09 %) in comparison to neostigmine bromide 30
ug/mL solution, applied as refrent standard, that
showed ihibition of -35.26 + 0.12 %.Also, extract
of T. pratensis could be considered as very weak
inhibiotor of human serum cholinesterase, but G.
verum didn’t exibit inhibition capacity at all. On
the contrary, it acted as an activator of
cholinestrase and in that way could be treated as
potentially harmful, concerning Alzheimer disease
treatment. Though in our experiments pooled
human serum was used as source of
cholinesterase, obtained data are trustworthy in
estimating potentias of the studied plants as a
source of neurological valuable compounds.

- Methanol extract of T. pratensis shows
hemolytic activity for each test exposure period
(Table 2 and Fig. 1) with the highest percentage of
89% while the highest percentage for G. verum
extract was 2.126%.
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For T. pratensis extract hemolytic activity
depends on the concentration and length of
exposure proportionally. For G. verum extract
(Table 2 and Fig. 2) applies the same, except for
the concentration of 250 t pg/mL. After the first
hour of incubation 50% of hemolysis induced
concentration of 501.97 + 32.65 pg/mL, the
second hour 499.98 + 38.45 pg/mL, 498.656 +
39.85 pug/mL of the third and fourth 421.33 +
34.98 ug/mL.

Observed results can be explained by the
chemical composition of the extracts. The
phytochemical screening of G. verum extracts and
T. pratensis extracts has shown the presence of
saponins (tragopogonosides) in T. pratensis
extracts [24].

Saponins are natural surfactants. Increasing the
hemolytic activity of methanol extracts of T.
pratensis in a dose-dependent manner may be
explained by Fick's law, diffusion flux from a
membrane is proportional to concentration
difference of both sides. So the increase in the
concentration of saponins in contact with the cell
membrane leads to its diffusion in the membrane
itself, which leads to membrane rupture and
hemolysis of erythrocytes [25].

-As far as we know there are no data
concerning the antioxidant, hemolytic and
cholinesterase inhibition properties of Tragopogon
pratensis subsp. pratensis methanol extracts as
well as for G.verum hemolytic and cholinesterase
activities.

Water and methanol extracts of G. verum in
the range 50-500 mg/L have been the subject of
research of Ahmet M. et all [26]. Methanol extract
of G. verum has higher antioxidant activity than
it's water extract. The values of published data can
not be compared with our results, because of the
different experimental protocols and expression of
results.

Our results are comparable with the results
published by Laki¢ et al. [5]. The level of G.
verum phenolics (2.44-4.65 mg and 4.57-5.16 mg
GAE/g dry extract) was less than we found
(118.13 mg GAE/g dry extract). Also, our IC50
value for G. verum extracts (26.98 pg/mL), was
higher than privously published (3.1-8.04 mg/L).

CONCLUSIONS

The results of exhibited antioxidant activities
are a good reference for performing it’s in vivo
tests, and qualify it as a promising natural source
of antioxidants. On the other hand T. pratensis
subsp. pratensis methanol extract might be a good
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hemolytic agent. T. pratensis could be considered
as very weak inhibiotor of human serum
cholinesterase, but G. verum didn’t exibit
inhibition capacity at all. On the contrary, it acted
as an activator of cholinestrase.
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AHTNOKCUJAHTHHU 1 XEMOJIMTUYHU CBOMCTBA U UHXUBUPAHE HA
XOJIMHECTEPA3A YPE3 Galium verum L. 1 Tragopogon pratensis subsp. pratensis
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TlocTenmna Ha 6 MapT; Kopurupana Ha 29 asrycr, 2013
(Pe3srome)

OrmpesieNieHn ca AaHTHOKCHAAHTHHTE CBOWCTBA HAa MeTaHOJOBH ekcrpakth ot Galium verum L. (empoBue) u
Tragopogon pratensis subsp. pratensis (mosicka ko3s Opanaa), Opanu oT pasnuunau mecta B Chpous. OmnpenensHo e
00moTo chabpkanue Ha ¢eHomu u QuaBoHouad, kakro u DPPH’ (1,1-nudennn-2-nukpuixuapasui)-pajiuKai-
oTcTpaHsBama akTuBHOCT, ABTS™ (2,2-a3uno6uc-(3-eTunben3tnasonun-6-cyndoHoBa KICEINHA) paauKai-KaTHOHOBO
obe3nBeTsiBaHe U M0 (GepUIMAHUICH METOI. MEeTaHOIOBUTE eKCTpakT oT G. VErUM MmoKa3BaT Mo-CHIIHa aKTHBHOCT 32
orcrpansiBane Ha cBoboauu paaukaiu (ICse-croiinoctu mpu 26.98 pg/mL 3a obesusersiBane na DPPH" u 125.14 mg
Trolox/g cyx exctpakt 3a ABTS ™ -paamkan-kaTmoHOBO oGe3lBeTsBaHE) M 06ma pemyKiMoHHa crocobHoct (70.31
ug/mL), orkonkoro Mmeranonosure ekcrpaktu Of T. pratensis (SCsp-croitnoctn mpu 59.25 pg/mL for DPPH' -
obesnsersizane u 6.31 mg Trolox/g cyx exctpakT 3a ABTS  -pamukan-kaTHoHoBo obesnsersBane u 15.66 pg/mL 3a
o0Ia peayKuuoHHa criocobHocT). HabmogaBaHuTe pe3ynTaTi MOXe Ja ce OOSICHAT ¢ MHOTO IT0-BUCOKOTO ChIbPIKAHHE
Ha QeHomm u praBoHOHUIN B ekcTpakTtuTe oT G. verums. C momonira Ha Monudunupanus Metox Ha Ellman’s method ce
MIOK3Ba, Y€ METaHOJOBHTE eKCTpakTH oT G. Verum mokaspaT ciaba akTUBHOCT Ha YOBEIIKATa CEpyYMHA XOJIHMHECTepasa
(16.28 £ 0.09 %), noxato ekcTpakTHTe OT T. pratensis umar ciabo HHXHOUPAIO JAeHCTBHE CIPSIMO ChIust eH3uM (4.65
+ 0.08 %). Cpuio Taka, MeTaHoJOBHTE ekcTpakTu or G. verum u T. pratensis ca msmmranm in Vitro ¢ momomrra Ha
cTaHmapTHUs MeTon Ha Drabkin’s 3a ma ce OLCHH TSXHATa XCMOJHMTHYHA aKTUBHOCT. Ekctpaktute ot T. pratensis
MOKa3BaT MHOTO CHJIHA XEMOJIUTHYHA aKTHBHOCT (ciex mbpBusi yac Ha uHKyOmpane 50% wmm of 501.97 £ 32.65
ug/mL, ciaen Bropus yac - 499.98 + 38.45 pg/mL, 498.656 + 39.85 pg/mL caen tpetust u 421.33 + 34.98 ug/mLcnen
YETBBPTHSA), TOKATO eKCTpakTuTe OT G. Verum umar ciaba XeMOJUTHYIHA AaKTHBHOCT.
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The treatment of azo dyes from the aqueous solution by adsorption process on activated carbon prepared from waste
cotton fibers from weaving plants was investigated in this study. They are waste airborne fibers that arise as a by-
product in the process of weaving. Waste cotton material is used for the production of activated carbon, which is then
used for the reduction of textile azo dyes coloration in the solution. Qualitative and quantitative characterization of
activated carbon shows that carbon is predominant in its chemical composition with the presence of several other
elements. Based on the results, it can be said that the activated carbon produced from waste cotton fibers has potential
as an adsorbent for the removal of azo dyes from aqueous solutions. Prolonged contact time means a greater amount of
dye on the adsorbent, i.e. the dye concentration in the solution decreases with the duration of the adsorption. The
percentage of removed dye decreases with the increase of initial dye concentration in the solution, but the actual amount
of adsorbed dye increases with the increase of dye concentration.

Keywords: activated carbon, waste cotton fibers, azo-dye, adsorption.

INTRODUCTION

One of the main methods for removing
pollutants from wastewater is the use of porous
solid adsorbents. Porous materials properties that
make them useful for the treatment of water are
high porosity and surface area, as well as the
physical and chemical nature of the internal
adsorption surfaces. Large amounts of waste water
polluted with dyes are discharged from the textile
industry, leather and laundries. Pollutants include
dyes, suspended solids, alkali, heavy metals and
organic matters.

There are several studies on the adsorption of
dye on different materials. These include the
absorption of basic dyes on carbon, peat, wood and
pith. Some studies indicate that the absorption rate
is determined based on the adsorption equilibrium
(unfavorable, linear, favorable or completely
irreversible) and control mechanism (external
diffusion, internal pore diffusion, inner solid-phase
diffusion or longitudinal diffusion) [1-5].

Activated carbons are the most commonly used
adsorbents in separation and purification processes.
Lately, the efforts of scientists to find alternative
adsorbent to replace the costly activated carbon

* To whom all correspondence should be sent:
E-mail: drag_64@yahoo.com

have been intensified. Some of the potential low-
cost adsorbents for the removal of metals and
organic substances are industrial waste materials.
The purpose of activation is to obtain effective low-
cost adsorbent. Activation can be carried out by
chemical and physical methods. In chemical
activation, the basic material is impregnated by
various chemical substances, and then carbonized.
Physical activation involves carbonization of
carbonaceous  feedstock, followed by gas
processing of the obtained carbonizate, or direct
activation of the initial material by activating agents
(such as CO,, water vapor, N,, H, O, ...) [4-9].

Azo dyes are aromatic nitrogen compounds that
dissolve in water due to existing sulfuric groups or
other hydrophilic groups - carboxyl and hydroxyl.
They are usually used for dyeing cellulose materials
(cotton, viscose...) in the presence of electrolytes
and wetting agents. Starting from the chemical
frame of azo dyes, there are the carriers of free
electrolyte pair groups that behave as electron
donors, and carriers of hydrogen atom group -
electron acceptor [10-14].

This paper deals with the adsorption process of
azo dyes from aqueous solution on activated carbon
produced from waste cotton fiber from the weaving
plants. These airborne waste fibers are formed as a
by-product in the weaving process using cotton
yarns on looms. The aim is to use the waste cotton
material, make it into activated carbon and use it

© 2011 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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for coloration reduction, i.e. removal of textile azo
dyes by adsorption on activated carbon.

EXPERIMENTAL
Materials

Activated carbon obtained by chemical and
physical modification of waste cotton fibers from
the weaving plants was used as an adsorbent. After
the collection of waste fibers, they were washed in
warm distilled water (40°C), dried and subjected to
the treatment by concentrated sulfuric acid (1 g of
waste fiber: 5 g H,SO,) for 24 h at room
temperature. The samples were then heated at
180°C for 1 hour, followed by rinsing with distilled
water and neutralization to pH=7 (with sodium
bicarbonate). After drying, the obtained residue
(activated carbon) was milled and then sieved to a
particle size of 0.5 mm. Thus, prepared activated
carbon was used in the experiment.

The dye used is a triazo class dye with 4 sulfo
groups and one amino functional group. It is a dye
that belongs to the group of azo dyes, Cl Direct
Blue 71, soluble in water, 10 g-dm™ (60°C), 20
g-dm® (97°C) and exists in the anionic form,
soluble in ethanol and insoluble in other organic
solvents, Fig. 1.

Adsorption process

Adsorption test was performed in Erlenmeyer
flasks in which the adsorbent (activated carbon)
was suspended in azo dyes solution (adsorbate).
Erlenmeyer flasks were placed on the shaker with
120 rpm-min™ at a temperature of 20°C and shaken
for a given time. The amount of activated carbon
was 3 g, while the solution in a constant volume of
100 cm®, contained dye concentrations of 10, 30,
50, 70 and 100 mg-dm™. Processing time, with
continuous stirring, was 10, 20, 30, 50 and 60 min.
Experiments were conducted at neutral pH of the
dye solutions, since there are no major variations in
the wide range of pH

The dye concentrations mentioned were taken
for the simple reason that they mostly correspond to
the amount of dye remaining in the waste solution
after dyeing cotton textiles. It was found that the
adsorption equilibrium time of dye adsorption on
activated carbon was achieved in 60 min, and an
extension of time of treatment did not significantly
change the adsorption. Upon completion of the
adsorption, dye solutions and activated carbon were
passed through a filter paper.

Methods

Determination of the absorption of the solution
was performed on a UV-VIS spectrophotometer
(Cary 100 Conc UV-VIS, Varian) at 595 nm
(maximum wavelength of the spectrum of the dye
solution used).

SEM measurements were carried out on a JEOL
JSM - 6610LV device using a secondary electron
detector. In addition, as the SEM is equipped with
Energy-dispersive spectroscopy (EDS) X-rays
detector, characteristic X-rays of major elements (>
10 wt.%) were measured. EDS system enabled
rapid assessment of the elemental composition of
the sample - the adsorbent.

Analyses of specific surface area and pore
distribution of the synthesized activated carbons
were carried out by nitrogen adsorption at -1960C
on a Sorptomatic 1990 analyzer (Thermo Fisher
Scientific Inc.). Before measurements, the samples
were degassed for 12 h at 1100C. Determination of
the specific surface area of samples was performed
by Brunauer-Emmett-Teller (BET) method, the
mesopore volume and surface area were determined
by Barret-Joyner-Halenda (BJH) method, and the
micropore volume was obtained by using the
Dubinin-Radushkevich equation [7-9].

The degree of dye removal (dye exhaustion) was
calculated based on the dye concentration

Fig. 1. Structure of the studied azo-dye.
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before and after treatment [7, 9]:
R= Co—C. 100 (1)
Co

where C, and Ct are the initial and final
concentrations of dye solutions, respectively.

The amount of dye adsorbed (adsorbate) per unit
mass of activated carbon (adsorbent), gt (mg-g-1),
was determined as follows [7, 9]:

(Co - Ct )V

o =) ¥ 2
q, v (2)
where: M, g - mass of adsorbent, V, dm3 - volume
of solution from which adsorption is carried out.

RESULTS AND DISCUSSION

The activated carbon used is relatively fine bulk
material with heterogeneous porous particles of
diverse shapes and forms. Within larger particles,
there are conspicuous cracks, cavities and channels
that form the basis of the microporosity of
materials. Otherwise, the inherent high porosity of
activated carbons is provided by the presence of
particles of irregular shape, a high degree of
amorphization and a number of gaps in the
structure. Micrograph in Figure 2 gives the
appearance with x750 magnification. In addition to
differences in shape, pores vary according to their
availability for adsorbate molecules, which is
associated with the fact that they can be closed,
open at one end or both ends, they can be isolated
or joined [4-7]. Taking into account the
classification of pores according to their size, meso-
and macropores can be said to be dominant in the
sample used.
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Fig. 2. Micrograph of the adsorbent used (activated
carbon).

EDS system allows rapid assessment of the
elemental composition of the sample. Sample
analysis is non-destructive and quantitative analysis
can be obtained by a spatial resolution of the order
of magnitude of 1 pm. Table 1 shows the
quantitative composition of active carbon, i.e., the
percentage of one element in relation to the sum of
all detected elements. All elements (e.g., C, O, Na,
Al, Si, S, and Ca) detected in this analysis
constitute 100 % and the individual percentages of
each element means that 100 g of all detected
elements contain that exact quantity in grams of
each element.

Textural properties of activated carbon are given
in Table 2. The results show different parameters,
which by their numeric values characterize the
specific surface area, pore volume, pore diameter,
etc.

Table 1. Quantitative composition of the adsorbent used according to EDS spectrum analysis

Spectrum C 0 Na Al Si S Ca Total
Weight % 57.69 36.13 4.16 0.05 0.10 1.84 0.03 100.00
Mean 57.69 36.13 416 0.05 0.10 1.84 0.03 100.00
Std. deviation  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Max. 57.69 36.13 416 0.05 0.10 1.84 0.03
Min. 57.69 36.13 416 0.05 0.10 184 0.03

Table 2. Activated carbon textural characteristics obtained by analyzing the adsorption and desorption of N..

Sget (mz'g_l) Voo (Cm3'g>l) Vi (CmB'g_l) Shic (mz'g_l) Vp (Cma'g_l) Dmax (nm) Dav (nm)

2.14 0.0051 0.00085

2.40 0.0041 8.7 2.3

Sget - specific area according to BET method;

Vq.gg - total pore volume at a relative pressure p/p, - 0.98 to Gurvich method;
Vmic and Sy - micropore volume and specific surface area - by Dubinin and Raduskevich method

Vp: _Dmax: Dav -
Dollimore and Heal method for mesopore

micropore volume, maximum porediameter and average pore diameter from the distribution according to
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The adsorption-desorption isotherm (Figure 3)
represents a change in the amount of adsorbed gas
(Vads), on the solid material as a function of the
equilibrium pressure (p/p0), at constant temperature.
Pore volume according to Gurvich for p/p0 of 0.98
was 0.0051 cm3-g-1. The shape of adsorption-
desorption isotherm depends on the porous structure
of the solid material. According to IUPAC
classification, there are six types of adsorption
isotherms, which enable determination of the
textural properties (specific surface area, pore

volume, pore volume distribution by diameter).
40
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Fig. 3. Adsorption-desorption isotherms of activated
carbon.

The curves shown in Figure 3 correspond to type
111 isotherms according to the IUPAC classification.
The absence of a sharp decline in the area of low
relative pressure indicates the absence of
micropores. Isotherm has a reversible form
throughout the range of the relative pressure. In type
Il the convexity to the x-axis extends along the
entire isotherm. Isotherm convexity means that the
particles that have been adsorbed tend to improve
the adsorption of other particles from the depth of
the phase. It is concluded that the interaction
between the adsorbate particles is of primary
importance here. Weak interactions at the beginning
of adsorption (at low relative pressure) results in less
pronounced adsorption. As the pressure increases,
and new particles are adsorbed, the attraction
between the adsorbate particles is increasingly
favouring the adsorption, so the isotherm becomes
CONVEX.

The effect of contact time on the removal of azo
dyes by the adsorbent is shown in Figure 4. The dye
was quickly adsorbed in the first twenty minutes,
and then the adsorption rate decreased gradually and
reached equilibrium in about 60 minutes. At the
beginning, the adsorption rate was high because the
dye ions were adsorbed by the outer surface of
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activated carbon. When the adsorption of the
exterior surface reached saturation, dye ions were
adsorbed by the interior surface of particles. This
phenomenon has a relatively long contact time. It is
believed that adsorption of matter on activated
carbon also depends on the pore structure and
chemical properties of the carbon surface as the
adsorbate. From the point of view of the free energy
of adsorption, the compounds are first adsorbed in
the pores of similar size as the adsorbate due to the
larger number of points of contact between the
molecule and the adsorbent.
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Fig. 4. The effect of adsorption time on the amount of
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Fig. 5. The effect of the initial dye concentrations in the
solution on the amount of azo dye removed.

Figure 5 shows the dependence of the degree of
dye exhaustion on the initial dye concentrations for
different times of adsorption. At lower dye
concentrations, a slightly higher degree of dye
removal is achieved. In reality, however, larger
quantities of dye are adsorbed on activated carbon at
largest initial concentration of azo dyes as will be
explained further.

The results of the changed adsorbed amount of
adsorbates on the adsorbent during time, for
different starting dye concentrations, are showed on
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diagrams on the figure 6. The continuity of changes
in the period of time is present, i.e. longer time
brings larger amount of adsorbed dye per adsorbent
mass, i.e. there is the highest adsorption at the
highest applied dye concentrations.

The continuous increase of the amount of
exhausted dyes compared to the mass of adsorbent is
also evident. At a given initial dye concentrations, a
major change of the adsorbed dye occurs in the first
10 minutes of dyeing process, while in the later
stage of adsorption these changes are minor.

.
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Fig. 6. Adsorbed amount of dye during time.

CONCLUSION

The thermochemical conversion of waste cotton
fibers in powdered activated carbon was made with
sulfuric acid as the activating agent. Activated
carbon was investigated in terms of physical and
chemical properties. A survey was done of azo dye
adsorption onto activated carbon. In the elemental
composition of the produced activated carbon
dominated carbon, which was expected and in line
with the theoretical data for activated carbon, which
lead to conclusion that this material could be
considered as a suitable carbon precursor for
effective subjection to conversion into activated
carbon.

Removal of azo dyes using activated carbon was
investigated under various conditions. It was found
that the adsorption depends on contact time and the
initial dye concentration.

Based on the experimental results the following
conclusions can be drawn:

e Activated carbon derived from waste cotton
fibers can be an effective adsorbent for the
removal of azo dyes from aqueous solutions with
a logical tendency of application in industrial
environments.

e Prolonged contact time means a greater amount
of dye on the activated carbon, i.e. the dye
concentration in the solution decreases with the
duration of the adsorption.

e The percentage of the removed dye decreases
with increasing the initial dye concentration in
the solution, but the actual amount of the
adsorbed dye increases with the increase of dye
concentration.

The results obtained in this work indicate the
possibility a practical application of removal of
water coloration in the textile industry thus
providing support of environmental protection both
from economic and practical standpoint.
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AKTHUBEH BBI'JIEH OT ITAMYYHU OTITAABLM KATO AJJCOPBEHT IIPU
INPEYUCTBEAHETO OT A30-GAI'PUJIA

H. I[)I(OpzmceBqu, . JlxopmxeBuy 1*, M. MI/IJ‘IBKOBI/I‘IZ, C YpomeBHq3

1
Daxynmem no mexuonozus, Ynusepcumem ¢ Huwi, Jleckosay, Copoust
2
Daxyrmem no mamemamuxa u ecmecmeenu nayxku, Yuusepcumem ¢ Huwi, Huw, Copbus
3
Texnuuecku ¢paxynmem, Yuusepcumem 6 Benepao, bop, Copbus

IMocrenuna Ha 1 anpu; kopurupana Ha 2 ronu, 2013
(Pestome)

B Hacrosmarta pabora e m3cieaBaHO NMPEYUCTBAHETO HA a30-0arpuia OT BOJHHM PAa3TBOPH 4pe3 aicopOIMs BbPXY
aKTHUBEH BBIVICH, NPUIOTBEH OT OTHaAbYHM NaMydyHH BiakHa. C TONydeHUs aKTHBEH BBIVIEH CE€ HaMmalsiBa
OLBETSABAHETO HA OTMATBYHUTE BOAW OT NMpEAavyHH Hpennpustus. KonmdecTBeHHTE M KaYECTBEHUTE XapaKTEePUCTHKU
Ha aKTUBHHS BBIJVICH ITOKa3BaT, Y€ BBIVICPOIBT IIpeodiIagaBa B IPUCHCTBHE HA HAKOJIKO APYrH eneMeHTa. Ha 6aszata Ha
TIOTYYCHHUTE PE3YATATH MOJXKE Jla CE 3aKIF0YH, Ye MPOM3BEICHUAT aKTHBECH BBIJICH MMa MOTEHIHANa Jla afcupOupa a3o-
Garpuia oT BOJHM pa3TBOpH. [IpOIBIDKUTEHUAT KOHTAKT HAa aKTHUBHUS BBIVICH C BOJHMS Pa3TBOP BOJIH IO MO-BHCOKA
CTEIICH Ha OTCTpaHsABaHE Ha OarpwiaTa. IIpolieHTHAaTa YacT Ha OTCTPAaHEHUTE Oarpmia HamalsBa ¢ HApacTBAHETO Ha
HavyaJlHaTa KOHIEHTPAIHI Ha 0arpuiioTo, HO OOIIOTO KOJIMYECTBO HA afcOpOMpPaHOTO Oarpwuiio HapacTBa C HapacTBaHE
Ha HayaJiHaTa My KOHIICHTpalHUs.
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The options for electroless deposition of Co-P-diamond composite layers on substrate of polyethylene terephthalate
have been studied using alkaline chloride electrolytes and NaH2PO- as reducing agent. The effects of the concentration
(1-25 g/L) and the particle size (0,03 — 100 um) of the dispersed phase (diamond powder), added to the working
electrolyte have been studied, with the view to determine the amounts of diamond particles co-deposited in the cobalt
matrix, as well as the mass and the average thickness of the composite layers being formed. Thereupon the ranges of
sizes and concentrations of the diamond particles in the electrolyte have been defined, at which the quantities of the
particles included in the cobalt matrix are satisfactory in regard to the formed composite layers, applicable to the
production of flexible PETF/Co-P-D polishing discs. Preliminary testing of the polishing effect of the PETF/Co-P-D
discs has been carried out under laboratory conditions (the discs contain diamond particles of sizes: 63-75; 38-45; 20-
28; 14-20; 7-10; 3-7 and 0.03-0,5 pm) on limestone samples and on two kinds of marble samples. The obtained results
for the values of the coefficients R, and R, are completely in accordance with the requirements for finishing surface
polishing treatment of similar materials.

Keywords: Electroless deposition, composite Co-P-Diamond layers, Polishing properties

INTRODUCTION also the co-deposition of the solid dispersoid.

It is known that the alkaline electrolytes are the
most suitable for the electroless deposition of cobalt
coatings. The occurring of the process in acidic
medium is unfavorable due to the low rate of
deposition [1, 2].

The authors [3] compare the chemical
(electroless) deposition of composite coatings on
the basis of nickel or cobalt matrix and SiC
particles. They established substantial differences
in the process of deposition of the two metals-
matrixes, although they have similar physical and
chemical properties. Maleic acid is added to the
electrolytes for depositing metal coatings in its
function as a stabilizer. Its optimal concentration
depends on the nature of the deposited metal. It has
been ascertained that the inclusion of SiC in the
coating is of greater quantity in the case of cobalt
matrix compared to the nickel one. The observation
of the morphology of the composite coatings Ni-
P/SiC and Co-P/SiC also shows that the nickel
coating is compact and it is shaped in regular
sphere grains, while the cobalt coating is
characterized by higher smoothness, needle-like

The chemically deposited cobalt coatings are
used in the technique mainly in view of their
hardness, resistance to abrasion and magnetic
properties. By chemical cobalt coating it is possible
to obtain composite layers/materials possessing
great hardness, on the basis of co-deposition and
incorporation into the solid cobalt matrix of some
very hard nano- or micro-particles such as ceramic
materials, carbon nanotubes, diamond, SiC, boron
nitrides and others.

One of the important advantages of the chemical
method for deposition of metal coatings is the
option to cover dielectrics with metal coatings. In
this case the operation “activation” is determining a
series of properties of the deposited composite
coating on their surface. It exerts considerable
influence on the quality and on the properties of the
system coating-matrix, as it determines the nature
and the character of the distribution of the active
sites, on which the process of reduction of the metal
ions is taking place, and thereupon it influences

* To whom all correspondence should be sent:
E-mail: stoychev@ipc.bas.bg © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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structure and in some cases by formation of pitting
defects.

The presence of SiC in the solution reduces the
rate of deposition of the metal matrix. This effect is
most probably due to the fact that the solid-non-
metal particles exert no catalytic effect on the
oxidation of NaH.PO,. They are adsorbed on the
substrate, upon which the coating is being
deposited and this hinders the contact between the
metallic surface and the electrolyte thus reducing
the quantity of the deposited metal. The
investigations show that OH™ groups are being
adsorbed on the surface of SiC. In this connection it
is supposed that the negative charge of the particles
adsorbed on the substrate repels the anion of the
reducing agent and therefore the rate of deposition
is decreased.

The authors [4] consider the properties of the
chemically deposited composite coating of Co-
P/PTFE having a thickness of 5-10 um, which is
deposited on the steel surface. The reasons for
choosing cobalt as a metal matrix of the composite
coating are its good functional properties and strong
adhesion to the surface of steel articles. The
composite coating contains 9% PTFE, 5.1 % P and
85.9% cobalt. The properties and the structure of
the coating have been studied by X-ray diffraction
analysis, scanning electron microscopy and electron
specroscopy for chemical analysis. The results
show that it has a good adhesion to the substrate,
hexagonal crystalline structure and great hardness.
The investigations, carried out so far, have
established a definite orientation of the particles of
PTFE. The fluorine atoms are dominating on the
surface of the coating, while the phosphorus and the
cobalt are included uniformly in the form of
elemental phosphorus and Co®*. The Co-P/PTFE
composite layers possess good tribological
properties. Their hardness is increasing upon
heating them.

Chemically deposited nano-composites on the
basis of nickel and cobalt (Ni-P/diamond; Ni-W-
P/SiC; Ni-W-B/SiC; Co-B/diamond; Co-
P/diamond; Ni-P/diamond; Ni-P/SiC), which could
be used as alternative to hard chromium coatings,
have been reported in [5]. It is known that toxic
chemicals are being used during the
electrodeposition of chromium coatings — the salts
of the six-valence chromium Cr®. Aiming at
protection of the environment and improving the
working conditions there is an ongoing search of
alternatives to chromium coatings. Ref. [5]
provides evidence that such alternatives could be
the nano-composite cobalt coatings, characterized
by improved properties with respect to hardness,
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losses due to abrasion and corrosion stability. This
search has ascertained that in analogy to coating
nickel chemically, the deposition of cobalt coating,
the properties of the composite coating appear to be
function of the content of P or B, which depend on
the concentration of reducing agent; the conditions
of treatment at high temperature; the nature and the
concentration of the dispersed phase and others. In
the case of chemical coatings for example the
incorporation of nanosized diamond particles
improves their hardness, which in its turn promotes
the stability of the performance of the so prepared
abrasive material. Co-P coatings (4 to 6 wt.%),
which have 500 nm size of the included diamond
particles has identical or even better properties
compared to the hard chromium coating. Therefore
very often the composite coatings, containing
nanoparticles of great hardness, are better than the
conventional coatings deposited chemically or
electrochemically.

Ref. [6] analyzes the influence of particles of
diamond, B4C, BN, WC on the properties of
electrochemically  deposited cobalt coatings,
containing phosphorus. It has been reported that
Co-P (2-5%) shows identical or even better
properties than the hard chromium coating, and the
stability of Co-P/B4C (22%) to abrasion wearing
away is greater.

Studies on the corrosion stability of
electrochemically deposited cobalt coatings (nano-
Co and nano-Co-P with a thickness of about 50
um), carried out in the course of 1000 hours in a
salty fog and compared to the hard chromium
coating (~ 100 um) prove that both kinds of cobalt
coating are more durable. The content of P in the
coating improves also its corrosion stability.
According to these authors there are no published
data on the corrosion resistance of composite cobalt
coatings, which do not contain any phosphorus.

Other composite systems, containing nano- or
micro-particles, have also been studied with the
view to replace the chromium coatings [7].
Electrochemically prepared nano-crystalline cobalt
with or without co-deposited WC has also been
studied, as well as chemically deposited nickel (Ni-
P) with diamond particles of various size (150,
1000, 2000 and 150+1000 nm), Ni-P, Ni-Co-P, Co-
P and Ni-B with or without incorporated diamond
particles. Their adhesion, thickness, hardness and
abrasion resistance have been studied. The results
show that all the chemically deposited coatings (Ni-
P, Co-P, Ni-Co-P having included diamond
particles) possess the needed adhesion, hardness
and tribological properties and they can eliminate
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the necessity of using chromium coatings in the
technique.

Based on the current literature survey a
conclusion was drawn that the chemically deposited
Co-P composite coatings (with included very hard
particles) are characterized by better properties both
in the aspect of improving the adhesion, as well as
with respect to the hardness, resistance to abrasion
and their corrosion protective ability in comparison
to the electrochemically or chemically deposited
composite coatings based on the Co-B matrix.
There are, however, quite a few data on chemically
deposited composite coatings on non-metal
substrate (and in particular flexible ones), which
could illustrate directly the inter-connection
between the nature and the quantity of the co-
deposited dispersoids on one hand, and their
tribological properties on the other hand.

In this aspect the aim of the present study was to
establish the options of chemical (electroless)
deposition of Co-P matrix on flexible substrate of
polyethylene terephthalate (PETF), with some
diamond particles included in the matrix. The
realization of such a system (PETF/Co-P-Diamond)
represents special interest for the production
technology for polishing and finishing flexible
disks for surface treatment of different mineral and
metal materials (rocky materials, non-ferrous
metals, alloys and others).

EXPERIMENTAL SECTION

All the studies have been carried out using
samples of dimensions 9 x 2 ¢cm, cut out of gauffer
(wafer-type) sheet of polyethylene terephthalate
(non-woven textile of thickness 1,5 mm), placed
horizontally in the working cell of volume 1 L.
These were treated following the technological
scheme:

Preliminary treatment
- etching (15 min) in solution of 250 g/L NaOH at
60°C;
- treatment (5 min ) in 3M HCI solution at room
temperature;
- activation (5 min) in colloid solution of PdCl,
(0.4 g/L) at room temperature;
- acceleration (5 min ) in solution of NaOH (40
g/L) at room temperature.

The chemical coating of cobalt was done in an
electrolyte with a composition, optimized
(concerning: concentrations of CoCl,, NaH,PO,,
pH and co-deposited P, evaluating hydrogen and
thickness of the cobalt coating, respectively)
previously by us [8], which contains:

COC|2.6H20
NaHQPOQ.Hzo

30 g/L
20 g/L

Sodium citrate 100 g/L
NH.CI 50 g/L
at pH 9 and temperature of the solution 90°C, in
accordance with the following reaction mechanism

[1]:

CoClz + 2NaH2PO:2 + 2H20 — Co + NaH2POs + H2 +
2HCI Q)
2NaH2PO; — NaH2PO3z + P + NaOH + % H> 2
NaH2PO2 + H20 — NaH2POs + H2 3)

The options to deposit composite Co-P-
diamond coatings were studied, whereupon
different concentrations (1 - 25 g/L) of synthetically
prepared diamond particles (diamond powder) were
added to the basic electrolyte for coating cobalt
chemically and their sizes varied: 0,03-0,5 um, 3-5
um, 7-10 pm, 14-20 pm, 20-28 pm and 60-70 um.
To improve the degree of wetting of the diamond
particles they were subjected to preliminary
treatment in a solution of sodium laurylsulfonate
(0.1 g/L) for 15 min at room temperature. The
composite coatings were prepared under continuous
or interrupted (2 min of stirring/10 min of rest)
stirring of the solution with magnetic stirrer (speed
of 400 rpm).

The morphology and the structure of the
composite coating, as well as the distribution of the
included particles, were studied by means of
scanning electron microscopy (electron microscope
model YSM C390 - Japan), while their mass and
the conditional thickness were determined
gravimetrically. The content of co-deposited
phosphorus was determined by X-ray fluorescent
analysis.

The polishing effect and the tribological
behavior of the composite layers, deposited on
model disks of PETF (with diameter of 70 mm and
thickness of 2 mm), was tested on the home-made
apparatus specially designed by us. It enabled
realizing the experiments at various velocities of
rotation of the studied disk (100 up to 3000 rpm)
and at pressure upon the tested samples (limestone,
two kinds of marble and granite) 0.2-2 kg/cm?. The
changes in the surface roughness (average
deviation, Ra. and attitude roughnesses, R;) were
determined by means of profile-recorder-profile
gauge Perthen.

EXPERIMENTAL RESULTS AND
DISCUSSION

3.1. Influence of the size and the concentration of
the diamond particles in the working solution on
the thickness and quantity of co-deposited diamond
particles in the chemically deposited composite
layers.
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Table 1. Dependence of the thickness of the chemically deposited composite Co-P-D coatings on PETF substrate on the
concentration (1 to 25 g/L) of the diamond particles, dispersed in the working solution, with particle size 0.03 — 0.5 pm.

Deposition time interval 30 min.

Diamond particle size, Concentration of

Thickness of the Weight of the deposited

pum dispersed diamond, g/L deposited composite composite coating, ¢
coating, pm
0,03-0,5 1,0 0,61 0,0097
0,03-05 3,0 0,68 0,0108
0,03-0,5 5,0 0,74 0,0117
0,03-0,5 7,0 0,93 0,0150
0,03-05 10,0 1,60 0,0257
0,03-05 15,0 1,78 0,0285
0,03-0,5 25,0 3,77 0,0597

During the first cycle of the investigations
carried out the effect of the diamond particle size
was studied as well as their concentration in the
solution for chemical cobalt deposition on the mass,
respectively on the thickness of the deposited
composite coating of Co-P(5%)-Diamond denoted
as (Co-P-D). The obtained results are represented in
Tables 1-3.

Table 1 comprises the results, obtained in the
course of the formation process of the composite
coating from solutions containing 1 to 25 g/L
diamond powder, which is characterized by particle
size 0.03 — 0.5 um. It is seen from the table that
with the increase in the concentration of the
particles in the electrolyte the mass is growing up,
respectively the thickness, of the deposited
composite layer. A similar effect has also been
observed by other investigators in the chemical
deposition of nickel composites coatings, including
polycrystalline diamond particles in them [9]. The
explanation put forward in this case is connected
with the presence of catalytically active sites,
catalyzing the oxidation reaction of H.PO,
determined by the specific morphological
peculiarities of the diamond particles and/or by
residual transition metals used (and included) in its
synthesis [10,11].

SEM observations of the same samples confirm
this supposition. It is seen from the represented
micrographs that the reduction of the cobalt ions is
accomplished both on the growing cobalt matrix as
well as on the diamond particles. This leads to a
substantial increase in the number of the diamond
particles co-deposited in the cobalt matrix (Fig.1b-
e) and as a result of their coalescence there is a
substantial growth in the thickness of the composite
layer with the increase in the concentration of the
particles in the electrolyte. While in the case of
diamond particles concentration in the working
solution 1 g/L, the number of the particles in the Co
matrix co-deposited upon the fibers (Fig.1a) is very

286

low (Fig.1b), at the other concentrations (Fig.1c — 3
g/L, Fig. 1d — 7 ¢g/L and Fig.le — 10 g/l) it is
growing up considerably, following a proportional
dependence.

Thereupon an increase in the number of grains is
observed, respectively in the roughness of the
composite Co-P-D coating. This result is in
accordance with the above made supposition about
the role of the specific morphological peculiarities
of the diamond particles and/or the presence of
catalytically active transition metals included in
them during the synthesis. In support of such a
hypothesis comes the registering of increased
frequency of appearance of spheroid agglomerates
of diamond particles with the increase in particles
concentration in the electrolyte (Fig.1d, 1e), being
formed as a consequence of the chemical deposition
of Co on the diamond particles. Their “self-
cobalting” process, occurring in parallel to the
process of formation of the cobalt matrix on the
PETF substrate, is leading (as a consequence of
superficial forces of interaction) to formation of
such agglomerates and their growing up.
Obviously, their addition to the cobalt matrix is
accomplished via “bridges” of metallic cobalt
(Fig.1d, 1e). The further increase in the
concentration of the diamond powder in the
working solution does not change substantially the
number of the particles co-deposited in the Co
matrix, but it is only increasing the amount of
spheroid agglomerates grown on the surface of the
composite coating. For this reason it can be
accepted that the optimal working concentration for
this size of the diamond particles lies within the
interval 3-5 g/L.

It should be pointed out as an important feature
of the process of formation of the composite Co-P-
D coatings on gauffer (wafer) type of substrate of
PETF the considerable differences in the numbers
of co-deposited diamond particles on the fibers and
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Fig.1. SEM micrographs of the PETF substrate surface (a), after electroless deposition of cobalt-diamond composite
coating on the fibrous of the substrate in electrolytes containing different concentrations (b- 1 g/L; ¢ — 3 g/L; d — 7 g/L;

e — 10 g/L) of diamond particles with sizes 0,03-0,5 um.

on the bottom rhomboid zones (Fig. 1a) of the
substrate. As a consequence of sedimentation and
convection effects, the number of the particles on
the bottom of the pressed sections for all the studied
sizes and concentrations of the studied particles was
considerably  greater (and sufficient from
technological point of view) than the number of co-

deposited on fibrous zones of the substrate. For this
reason in Fig. 1, as well as in the next figures, the
illustrative photographs of the concave sections are
not given here.

Part of the results from analogous investigations,
carried out with diamond particles of sizes 3 -7 um
and 7 — 10 um, are shown in Table 2 and in Fig. 2.
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It is seen from the table that in this case upon
increasing the concentration of the diamond
particles in the working electrolyte, the thickness of
the deposited composite coating is growing up.
Thereupon the conditional thickness of the coatings
is higher than that, obtained in the case of the
composite coatings, in which particles of sizes 0,03
— 0,5 um are included (Tablel). At the same time
aiming at obtaining a desired number of particles,
included in cobalt matrix, the particles on the fibers
sections, it is necessary to increase the
concentration of the diamond powder in the
working electrolyte in the interval 5 — 10 g/L (Fig.
2b and 2d). When the size of the particles is 7 — 10
pum, the effect of decreasing the number of co-
deposited diamond particles with the growth in
their size is better expressed (Fig 2c, 2d). It is
obviously connected both with the higher rate of
sedimentation of the larger dispersed particles, as
well as with the fact that having such size of the
particles at several times smaller thickness of the
layer of the cobalt matrix, their direct addition and
incorporation inside the cobalt matrix becomes
already impossible. It becomes quite clear from Fig.
2d that these large particles are sticking out above
the formed Co matrix and their connection with it is
accomplished by means of co-bonding of the cobalt
coating being formed simultaneously on the PETF
substrate and on the diamond particles. In this
connection it can be also noted that in the case of
particle sizes 3 -7 um the number of spheroid
agglomerates being formed is still substantial (Fig.
2b), while at sizes 7 — 10 um their number is
abruptly decreased — the cobalt matrix comprises
practically only separate diamond particles (Fig.
2d). At the next increase in the diamond particle
size (20-28 pm; 38-45 um; 63-75 um; 80-100 um ),
added in the form of diamond powder to the
working electrolyte, the number of the co-deposited

particles continues to drop down. At sizes above
80 um the deposited composite coating are already
unable to answer the requirements for number of
included particles, necessary for the production of
composite layers, which are applicable to the
manufacturing of polishing and finishing
instruments/disks. For this range of sizes, the
diamond particles are included in the cobalt matrix
mainly in the pressed sections of the PETF (Fig.
3a), as well as in the zones, in which the fibers of
PETF are overlapped and/or form sections
advantageous for attachment to the growing cobalt
matrix (Fig. 3b). In this case also the inclusion of
the diamond particles is accomplished by means of
binding bridges (Fig.3c), which are leading to the
effect of “co-bonding” (Fig. 3d) as a consequence
of the simultaneous deposition of the metallic
cobalt both on the PETF and on the diamond
particles.

The comparative Table 3 lists the averaged
values of the thickness and the mass of the cobalt
composite coatings (prepared under the same
conditions — concentration of the particles in the
solution — 5 g/L and time interval of deposition —
30 min), depending on the size of the diamond
particles added to the working solution,
respectively incorporated into the cobalt matrix.

It is seen from the above given results that upon
increasing of the particle size from 0.03 to 10 um
both the average thickness of the composite Co-P-D
coatings and the mass of the incorporated
composite are growing up. Within a range of
particle sizes 14 to 28 um it is observed that the
thickness (respectively the mass) of the deposited
composite layers is decreasing. This is connected
with the significantly lower number of particles of
the separate particles, the average weight of the
coating is diminishing.

Table 2. Dependence of the thickness of the chemically deposited composite Co-P-D coatings on PETF substrate on the
concentration (1 - 5 g/L) of the diamond particles dispersed in the working solution at particle sizes 3—7 umand 7 — 10

pm. Time interval of deposition 30 min.

Size of the diamond particles,

Concentration of the

Thickness of the composite

um diamond particles, g/L coating, um
3-7 1 1,07
3-7 3 2,10
3-7 5 2,00
7-10 1 0,70
7-10 3 2,90
7-10 5 3,10
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Fig.2. SEM micrographs of the cobalt-diamond composite coating on the fibrous of the substrate in electrolytes
containing different concentrations - a- 1 g/L and b — 5 g/L - of diamond particles with sizes 3-7 pm, and - c- 1 g/L and

d —10 g/L - of diamond particles with sizes 7-10 pm.

included in a unit of volume of the composite
coating (as a result of the increased rate of
sedimentation of the particles but also as a result of
considerable misbalance of the ratio “thickness of
the incorporating metal matrix/size of the co-
deposited particles”) and in spite of the larger mass.

In the case of sizes of the co-deposited diamond
particles within the interval 38-75 pum, the mass of
the considerably greater diamond particles is
obviously compensating the smaller number of
included particles, as a consequence of which the

measured average thickness and mass of the
composite coatings is again increased. At particle
size above 80 um, however, the number of the co-
deposited diamond particles is decreased even more
drastically, and therefore the thickness (respectively
the mass) of the deposited Co-P-D coating become
much lower. The composite layers, obtained at such
sizes of the diamond particles, are practically
inapplicable for the production of polishing PETF
disks.

Table 3. Average value of the thickness and of the mass of cobalt composite coatings depending on the size of the

diamond grains used as dispersed phase.

Size of the diamond particles, um

Thickness of the coating, um

Mass of the coating, g

0,05-0,5
3-7

7-10
14 - 20
20-28
38-45
63-75
80 -100

0,74
2,0
3,1
2,4

2,50

3,35

5,49
1,0

0,0117
0,0317
0,0490
0,0379
0,0395
0,0540
0,0857
0,0158
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Fig.3. SEM micrographs of the cobalt-diamond composite coating at the bottom of the rhomboidal press-hole (a) and at
the fibrous (b-d) of the PETF substrate obtained in electrolyte containing 10 g/L diamond particles with sizes 20-28

pm.

3.2 Characterization of the polishing effect of the
composite layers, containing diamond particles of
various sizes.

In this cycle of experimental runs the influence
of the size of the co-deposited inside the cobalt
matrix diamond particles was studied with respect
to the polishing effect of the deposited on the
flexible PETF substrate composite Co-P-D coating
during the processing of different rocky materials —
limestone and two kinds of marble. The studies
were carried out at various loading/pressure and
rate of rotation of the polishing PETF/Co-P-D disc.
We estimated the polishing effect based on the
changes in the surface roughness (Ra and R;) of the
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studied samples. The obtained results are
represented in Table 4.

The samples for the testing were cut out in the
form of cylindrical cores of diameter 20 mm and
length of 20-30 mm from rocky materials, the
deposits of which are located in Mezdra quarry —
west part of Balkan mountains (for the limestone);
in Ilinden stone-pit — south part of Pirin mountain
(for “Ilinden” marble) and in Chernomorets stone-
pit — nord-east part of Strandzha mountain (for
“Strandzha” marble). Each one of the samples, after
its being cut out of the rock, was subjected
consecutively to preliminary (rough) polishing with
commercially available discs Bulcat-100, IDT-800

and IDT-1800, with the aim to achieve a certain
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degree of roughness, requiring thereafter finer
polishing and finishing using the PETF discs,
developed by us. This treatment was carried out in
the following order of using the discs: PETF/Co-P-
Dé3-70um — PETF/C0-P-Dag-28ym — PETF/C0-P-Dos.
20pum — PETF/CO-P-Ds.sum—> PETF/CO-P-Do,os_O,sum.
The obtained results have been summarized in
Table 4.

The data in Table 4 show that after the
preliminary rough polishing of the samples of
limestone they were characterized by a coefficient
of roughness R,=12 and R, - 1,94. In the next cycles
I-1V of processing with the discs, which contain
diamond particles of size 63-70 pm, the achieved
coefficients were R,=7,44-4,95 um and R, - 1,70-
0,61 pm; upon using the discs, which contain
diamond particles of size 40-28 pm; respectively -
R, = 4,35-3,58 um and R, = 0,58-0,47; R ,= 3,54-
3,50 um and R. = 0,45-0,37 pum with the discs,
containing diamond particles of size 28-20 um; R,
= 3,40-3,26 um and R, = 0,44-0,34 um with the
disks containing diamond particles of size 3-5 pum;
R, = 3.10-3.00 um and Ra. = 0.32-0.31 pm with
discs, containing diamond particles of size 0.05 —
0.5 pm.

The surface treatment with the same discs, in
analogous order and the same duration, of the
marble samples “llinden”, for which after their
preliminary rough polishing the following
coefficients of roughness were achieved R,=10,82
and R, - 1,84, leading later to their values of R, =
6,98 um and R, = 1,03 um up to R, = 2,32 um and
Ra = 0,35 um. In the case of marble “Strandzha”
samples, for which after their preliminary rough
polishing the following coefficients of roughness
were achieved R,=11,54 um and R, — 2,10 pm, this
treatment enables achieving values of R; and R,
respectively 7,19 um and 1,35 pum until the final
values were obtained 2,65 um and 0,29 um (Table
4).
The final values of the coefficients R, and R, for
the three kinds of materials, represented in Table 4,
were compared with the values, measured for them
on samples, taken after analogous treatment in the
case of serial production/treatment with polishing
discs, which are commercially available products,
imported from foreign companies. The results from
this comparison are illustrated in Table 5.

Table 4. Measured values of Ra and R:; on the consecutively treated with polishing discs (PETF/Co-P-D70-0,0sum) Samples
(Limestone”Mezdra”, Marble “Ilinden” and Marble “Strandzha” of dimensions ®-20 mm and L-25 mm), obtained at pressure on the
polishing disc 0.35 xr/cm? and rate of rotation of the disc 1000 rpm. Number of cycles of polishing for each disc — 4. Duration of one

cycle — 2 min.

Size of the diamond Limestone “Mezdra”

Marble “llinden” Marble “Strandzha”

particles [um], included
in PETF/Co-P-D

L ) Rz, pm Ra, pm Rz, um Ra, pm Rz, pm Ra, um
polishing disc; Noof  (yajye before  (value before  (value before  (value before  (value before  (value before
the cycle polishing polishing polishing polishin polishing polishing

12,00) 1,94) 10,82) 1,84) 11,54) 2,10)
63/70

| 7,44 1,70 6,98 1,03 7,19 1,35

| 7,02 1,51 5,86 0,73 6,01 0,92

1] 5,70 0,74 5,08 0,72 4,92 0,71

\V4 4,95 0,61 4,23 0,64 4,68 0,69
40/28

| 4,35 0,58 3,91 0,81 4,43 0,53

| 3,92 0,55 3,74 0,51 4,10 0,43

11 3.66 0,47 3,62 0,50 3,66 0,38

\V4 3,58 0,47 3,56 0,45 3,48 0,37
28/20

| 3,54 0,45 3,74 0,51 3,62 0,37

| 3,50 0,46 3,34 0.50 3,48 0,37

Il 3,50 0,35 3,11 0,43 3,42 0,36

\V4 3,50 0,37 2,98 0,42 3,23 0,35

3/5

| 3,40 0,44 3,10 0,39 3,43 0,37

| 3,36 0,44 2,82 0,33 3,29 0,35

Il 3,36 0,36 2,80 0,34 3,10 0,31

v 3,26 0,34 2,54 0,35 2,96 0,31

0,05/0,5

| 3,10 0,32 2,88 0,40 3,10 0.30

| 3,00 0,33 2,80 0,35 2,84 0,29

11 3,00 0,31 2,50 0,34 2,74 0,29

\Y 3,00 0,31 2,32 0,35 2,65 0,29
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Table 5. Measured final values of R, and R, on samples of “Limestone”, Marble “llinden” and Marble “Strandzha”,
treated consecutively using the polishing discs, made by us (PETF/Co-P-D7o.0,05um) and on samples of the same
materials, taken after analogous treatment using commercially available serially production discs.

Rz, um, obtained Re, pm, Rz, pm, R pm,
Type of the_ treated using the discs obtained using our obtained using obtained using
material . L L
made by us discs commercial discs commercial discs
Limestone 3,00 5,90 0,97
Marble “llinden” 2,32 1,32 0,19
Marble “Strandzha” 2,65 2,76 0,37

It is seen from the results represented in Table 5
that the polishing effect when using the discs,
prepared by chemical deposition under laboratory
conditions, is comparable to the effect, obtained
with the imported discs, generally accepted for
industrial practice. It is even slightly better in the
case of limestone and marble “Strandzha”, while in
the case of samples of “llinden” marble there is
insignificant advantage in favor of the imported
discs.

In the next cycle of studies the weight losses of
the composite layers will be evaluated also on non-
treated mineral materials samples and on this basis
their tribological behavior will be characterized,
respectively the“productivity” of the polishing discs
PETF/Co-P-D. There follows, on the basis of the
obtained results, to carry out on a larger scale some
semi-industrial testing experiments, aiming at the
optimization of the procedure of chemical
deposition of Co-P-D  composite layers,
respectively to achieve the polishing effect on
larger scale.

CONCLUSIONS

It follows from the above presented results that
upon increasing the concentration of the diamond
micro-particles in the working electrolyte, used for
the chemical deposition of Co-P-D composite
layers on a flexible support of polyethylene
terephthalate, quantitative and qualitative changes
are being observed in their structure and layer
thickness. Thereupon it has been ascertained that
the process of chemical deposition of cobalt is
occurring simultaneously both on the PETF
substrate, as well as on the diamond particles. As a
result of this the incorporation of the particles is
accomplished through joining of the fronts of the
growing layers of cobalt on the surface of both
phases — PETF and diamond. This mechanism of
incorporation of the diamond particles determines
their regular distribution/inclusion in the cobalt
matrix up to sizes of 3-5 um, which are
juxtaposable with the thickness of the cobalt
coating/matrix, being formed upon the PETF
substrate. Upon increasing the size of the diamond
particles, the number of the particles included in the
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cobalt matrix becomes lower as a result of their
lower resistance to sedimentation (i.e. smaller
number in the volume of the working electrolyte)
and the longer time intervals needed for their
binding (i.e. co-binding) via the growing cobalt
layers on both phases. In this aspect with the aim to
co-deposit the desired number of diamond particles
in the composite layer, it becomes necessary to
increase their concentration in the electrolyte when
their size is increased — from 3 - 5 g/L for particles
with a size up to 5 um, further at 5 — 15 g/L for
particles of size 7-10 pum. The positive effect
achieved upon increasing their concentration,
however, is valid only up to size 63-70 pm. At
larger sizes of the diamond particles, their
deposition number in the cobalt matrix does not
satisfy the requirements for the formation of a
composite layer, applicable in the production of
polishing discs.

The preliminary testing of the polishing effect of
discs PETF/Co-P-D, prepared under laboratory
conditions upon limestone samples and two kinds
of marble showed that values were reached for the
coefficients R; and Ra, which completely answer the
requirements of the industrial practice for finishing
surface treatment of such materials.
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BE3EJIEKTPOJIU3HO OTJIAI'AHE HA KOMITO3UTHU CJIOEBE OT KOBAJIT, POPCDOP
N IMAMAHTU U TEXHUTE ITOJIMPAIIIA CBOMCTBA

H. Croitues!”, E. lo6pesa?, H. Paskaszos?, M. Croituesa®, H. Kotesa?

Y Unemumym no gpusuxoxumus “Axad. P. Kauwes”, Bvaeapcka axademus na naykume, Cogus 1113
2 Texnuuecku ynusepcumem, Cogust
SUncmumym no enexmpoxumus u enepautinu cucmemu “Axaod. Ee. Byoeécku”, Bvieapcka akademus na Haykume,
Cogpus 1113

Iocrenuna Ha 15 anpun; kopurupasa Ha 8 asrycr, 2013
(Pestome)

W3cnenBanu ca BB3MOXHOCTUTE 3a OE€3€NEKTPOJIM3HO OTJaraHe Ha KOMIO3WUTHH cjoeBe OT kobant, docdop u
JIMaMaHTH BbpXy HocuTen oT nonueruied tepedranar (PETF). M3noss3Banu ca eneKTPONIUTH OT aIKaJeHH XJIOPUAN U
NaH.PO; kato pemykrop. U3cnensanu ca eekrture Ha konrentpanusata (1-25 g/L) u pasmepa Ha uacturure (0,03 —
100 pm) Ha nucnepcHaTa (asa (IMAMaHTOB Mpax), 10OABEHH KbM PAOOTHHUS CJICKTPOIHT, C OTXJIEA ONpEeNeIsTHETO Ha
KOJIMYECTBOTO TUAMAHTCHH YaCTUIIM, CbyTaeHH ¢ KOOAToBaTa MaTpulla, KAaKTO M cpejHaTa nebenHa Ha GOpMUpaHUTE
KOMIIO3UTHH CJIOeBe. B pesyirar Ha ToBa ca OmpelelieHH pa3sMepHTe M KOHLCHTPAMUTE Ha TUAMaHTCHUTE YacTHUIH,
IIpH KOUTO ce GOpMHpaT KOMIIO3UTHH ciioeBe 3a CO-P-D-mokpurtus mpyu reBKaBH MOTUpAIIN AUCKOBE BEpXy PETF.

[MpeaBaputennute m3nuranus 3a nonupamius epekr Ha PETF/Co-P-D-muckoBere ca u3BbpIICHH B 1abOpaTOpHU
ycnoBust (MIpU THAMAHTCHH YacTHIM ¢ pasmepu: 63-75; 38-45; 20-28; 14-20; 7-10; 3-7 u 0.03-0,5 pm) Bbpxy 00pasuu
OT BapOBHUK M BBPXY JBa BUJA MpaMopHH oOpa3uu. [lonmydenure pesynratu 3a koeduiuentute R; n Ra ca msusuio B
ChIJIaCHe C U3MCKBAHUITA 32 MOBBPXHOCTHO MOJMPAHE HA T€3U MaTEepPHAIIH.
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Optimal design and planning of biodiesel supply chain considering
crop rotation model
Part 1. Mathematical model formulation of the problem
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This paper addresses the optimal design and location facility of biodiesel supply chains (BSC) under economic and
environmental criteria. The economical aspect scale is assessed by the total annualized cost. The environmental
objective is evaluated by the total GHG (Green House Gases) emissions for a whole life cycle. A mathematical model
that can be used to design the supply chain (SC) and manage the logistics of a biodiesel is proposed. The model
determines the number, size and location of biorefineries needed to produce biodiesel using the available biomass.
Mixed-integer linear programming model is proposed that takes into account infrastructure compatibility, demand
distribution, as male as the size and location of biorefineries needed to produce biodiesel using the available biomass
and carbon tax. An important feature of the model proposed is the account requirement of crop rotation important from
agronomic perspective. In second part of this study Bulgaria is examined as the testing ground of the model.

KEYWORDS:

INTRODUCTION

Aimed at mitigating emissions, diversifying the
energy supply and reducing dependence on
imported fossil fuels, the European Union (EU) has
set ambitious targets for a transition to renewable
energy. The integrated energy and climate change
policy adopted in 2008 defines general targets of
20% greenhouse gas reduction, 20% reduced
energy use through increased energy efficiency and
a 20% share of renewable energy by 2020 [8].

Among the available alternative energy sources
that would help to respond to such challenges,
biomass crops have many advantages over
conventional energy and over some other
renewable energy sources (e.g. wind, photovoltaic,
etc.). In particular, this is due to reduced
dependence on short-term weather changes,
promotion of regional economic structures and
provision of alternative sources of employment in
rural areas.

Becouse biomass can replace fossil fuels in the
transport sector increased production and use of
bioenergy is promoted as a key to facher the

* To whom all correspondence should be sent:
E-mail: : bivanov@bas.bg.

Biodiesel supply chains, Energy crops, Production cost, Carbon tax, Crop rotation, MILP

targets. In order to explicitly stimulate a shift to
renewables in transportation, thes European
Commission has, in addition to the overall 20%
renewable energy target, set a mandatory target of
10% renewable energy in transport by 2020 [8],
with a transitional target of 5.75% for 2010 [4].

A number of policy instruments that directly or
indirectly affect the production and use of biofuels
are today in place in the EU. Targeted biofuel
policies such as exemption from or reduction of
transport fuel taxes, quotas and blend obligations
effect directly the competitiveness and market
shares of biofuels.

This paper presents development and use of a
optimisation model suitable for extensive analysis
of Dbiofuel production scenarios aimed at
determiniation and investigation of advantageous
locations for biodiesel production. The main focus
is on assessing how different parameters affect
biodiesel production regarding costs, plant
locations, production volumes and the possibility of
reducing global fossil emissions. Key parameters to
be studied are economic policy instruments
affecting biodiesel production, such as targeted
biofuel support and the cost for emitting, energy
prices, feedstock costs and availability, and capital

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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costs. The above mentioned 5.75% share of
biofuels for meeting the 2010 target is used as a
starting point, with the analysis focusing on
boundary conditions that affect the possibility of
meeting this goal.

The paper is focused on the creation of
conditions for stable operation of BSC by providing
a stable supply of feedstock. According to recent
research in agricultural activities [21,17,12,18] crop
rotation is the basis for sustainable yields. The
model proposed includes conditions for crop
rotation as realistic ones.

LITERATURE REVIEW

The papers most relevant to the problem
addressed in this work are on the optimal design
and operations of the process (SC). A general
review of this area is presented by Shah (2005) [5]
and Papageorgiou (2009) [9]. Some recent work
specifically focused on BSCs is reviewed below.

Zamboni et al. (2009) [10] presented a MILP
model for the strategic design of biofuel supply
networks. The model takes into account the issues
affecting a general BSC simultaneously, such as
agricultural practice, biomass supplier allocation,
production site locations and capacity assignment,
logistics  distribution, and transport system
optimisation.

Eksioglu et al. (2009) [11] proposed a MILP
model for the design and operations of a biomass to
biorefinery SC. The model determines the optimal
number, size, and location of biorefineries and
feedstock collection as well as the amount of
biomass to be processed and shipped and biomass
inventory levels through a multi period formulation.

Recently, Kim et al. (2011) [13] proposed a
MILP model for the optimal design of biorefinery
supply chains. The model aims to maximize the
overall profit and takes into account different types
of biomass, conversion technologies, and several
feedstock and plant locations.

Another recent contribution in this area is the
work by Aksoy et al. (2011) [14]. The authors
investigated four biorefinery technologies for
feedstock allocation, optimal facility location,
economic feasibility, and their economic impacts in
Alabama, through a MILP based facility location
model that minimizes the total transportation cost
and takes into account county-level information.

Akgul et al. (2011) [15] presented recently a
MILP model based on the one proposed by Zaboni
et al. (2009) [10] for the optimal design of a
bioethanol SC with the objective of minimizing the
total SC cost. Their model aims to optimize the
locations and scales of the bioethanol production

plants, biomass and bioethanol flows between
regions, and the number of transport units required
for the transfer of these products between regions
as well as for local delivery. The model also
determines the optimal bioethanol production and
biomass cultivation rates.

You and Wang (2011) [16] recently addressed
the life cycle optimisation of biomass-to-liquids SC
under the economic and environmental criteria.
Their work shows that distributed biomass
processing followed by centralized upgrading of
intermediates may lead to economically viable and
environmentally sustainable biofuels supply chains.

Akgul, O., et al. (2012) [18] presents a multi-
objective, static modeling framework for the
optimisation of hybrid first/second generation
biofuel supply chains. Using the proposed
modelling framework, different aspects are
analysed including the potential GHG savings, the
impact of carbon tax on the economic and
environmental performance of a BSC, the trade-off
between the economic and environmental
objectives and the maximum bioethanol throughput
that can be achieved at different cap levels on the
total SC cost. The trade-off between the conflicting
objectives is analysed by solving the proposed
multi-objective  model using the & -constraint
method.

Bioenergy represent a sustainable solution for
energy generation. To achieve these goals, one
must create the conditions for sustainable yields of
energy crops. According to research conducted in
recent years [17,18] this can be achieved by
rotation of crops. Further studies [12,21] in this
direction indicate that crop rotation has a beneficial
impact on reducing greenhouse gases generated in
the cultivation of energy crops.

Crop rotation has been long recognized as a
system that can reduce soil erosion, improve soil
structure, enhance permeability, increase the soil
microbial activity, enhance soil water storage
capacity, and increase soil organic matter [1,2].
Moreover, crop rotation can reduce the use of
external inputs through internal nutrient recycling,
maintenance of the long-term productivity of the
land, avoidance of accumulation of pests associated
with monoculture, and consequently increase crop
yields [2]. The aforementioned beneficial effects on
soil physical, chemical and biological properties
can further be improved by combining crop
rotations with cover crops and reduced or no tillage
practices

An additional novelty of our work is that the
proposed model takes into account most of the
major characteristics of the BSC and is integrated

295



B. lvanov et al., Optimal design and planning of biodiesel supply chain.....Partl. Mathematical model ......

with LCA. From the literature available in this area
it can be concluded that the models of BSC biofuels
used account for the basic characteristics but no
works go into details to account for the rational use
of the available land. The models do not include
also agronomic conditions for long-term cultivation
of crops for biofuel production such as the ones the
needed for different bio cultures.

AIM

The main objective this sudy is to propose an
optimisation model hat could predic determine
location and size of biodiesel production plants,
given the locations of feedstock and energy
demand. The model comed minimise the costs of
the complete BSC of the studied system, including
biomass harvest, biomass transportation, and
conversion to biodiesel, transportation and delivery
of biodiesel. Economic performances can be
evaluated in terms of Net Present Value (NPV).
Environmental impact based on GHG emissions
reduction, calculated through LCA, is important in
order to ensure proper or wise criteria approach to
sustainability and to allow distinguishing the
differences between various feedstock as. Fossil
emissions meet be also considered, by including
costs for emisions, such as tax or tradable emission
permits. Sustainability of the work of BSC can be
ensured through sustainable supply of bio-
resources, that in turnis guaranteed by annual
rotation areas for different bio cultures.

PROBLEM STATEMENT

The problem addressed in this work can be
stated formally, as follows. A set of biofuel crops
that can be converted to biodiesel. These includes
agricultural e.g. sunflower, energy crops and a.s.o.
A planning horizon of one year government
regulations including manufacturing, construction
and carbon tax is considered. A BSC network
superstructure, including a set of harvesting sites
and a set of demand zones, as well as the potential
locations of a number of collection facilities and
bio refineries is descanted. Feed stocks can be
shipped to the bio refineries directly.

Unit cost and emission data for biofuel crops
production and harvesting are also given. For each
potential collection facility, we the fixed and
variable cost of facility construction are given. For
each potential biorefinery given the cost of
production for different levels and capacity.

For each demand zone, the biofuel demand is
given, and the environmental burden associated
with biofuel distribution in local region is known.
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For each transportation link, the transportation
capacity (in both volume and weight), available
transportation modes, unit transportation cost of
each mode, transportation distance, and emissions
of each transportation type are known.

General formulation of the problem

Finally, the overall problem can be summarized

as:

Given are:

potential locations of biofuel demand centers and

their biofuel demand,

¢ demand for liquid fuels (diesel) for each of the
demand centers for fuel,

¢ the minimum required ratio between classical
proportions fuels and biofuels for blending,

¢ biomass feedstock types and their geographical
availability,

¢ unit biomass cultivation cost for each feedstock
type,

¢ unit production cost of biodiesel based on the
technology and feedstock type,

& transport logistics characteristics (cost, modes),

¢ capital investment cost for the biodiesel
production facilities,

¢ specific GHG emission factors of the biodiesel
life cycle stages,

¢ carbon tax,

+ government incentives for biodiesel production
and use.

*

MATHEMATICAL FORMULATION OF THE
PROBLEM

Given the scenario, the role of the optimization
model is to identify what combination of options is
most efficient to supply the facility. A very
important efficiency measure is to minimize the
facility supply cost taken as a present value.

The problem for optimal location of biodiesel
(B100) production plants and efficient use of the
available land is formulated as a mixed integer
linear programming (MILP) model with the
notations, given in Tables 1-3.

As noted in item 3, the assessment work of
BSC production and distribution of biodiesel
(B100) will be carried out based on two
criteria, namely, economically and
environmentally. The optimal solution would
be a compromise between these two criteria.
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Table 1.  Input Sets used in the model
Sets _ Description of Sets/Indices

| Set of biomass types indexed by 1 ;

L Set of transport modes for biomass indexed by | ;

B Set of transport modes for biodiesel is a subset of L (B < L) indexed by b ;

S Set of life cycle stages of a BSC indexed by S ;

P Set of plant size intervals indexed by P ;

G Set of regions of the territorial division indexed by ¢

F Set of candidate regions for biodiesel plants established, which is a subset of G indexed by f ;

C Set of biodiesel customer zones, which is a subset of G (C < G) indexed by C.

Table 2 Input variables for the problem

Symbol Description

EFBCig Emission factor for cultivation of biomass type I in region ¢,
kg CO, —eq/tonbiomass

EFBP, Emission factor for biodiesel(B100) production from biomass type i € | ,
kg CO, —eq/ton biofuel

EFTRA, Emission factor for transport of biomass per unit of type 1 € | with transport type |,
kg CO, —eq/ton km

EFTRB, Emission factor for transport of biodiesel(B100) with transport type b € B,
kg CO, —eq/ton km

EFTM, Transportation emission factor of for mode | € L, kg CO, —eq/tonkm

GHGB GHG emission from BSC, kg CO, —eq/ton

ADDgfI A.ctu.al delivery di§tance between regions producing biomass and regions producing
biodiesel(B100) via model |, km

ADF,, Actual delivery distance between regions producing biodiesel(B100) and demand regions
c e C viamodel be B, km

7, Biomass to biodiesel(B100) conversion factor for biomass type i € | to biodiesel(B100)
(ton biodiesel )/(ton biomass ), Dimensionless

Ccoz Carbon tax per unit of carbon emitted from the operation of the BSC, $/kg CO, —eq

YO, Years demands of petroleum diesel in the customer zones, ton/ year

ENO Energy equivalent unit of petroleum diesel , GJ / ton

ENB Energy equivalent unit of biodiesel(B100), GJ / ton

PO Price of petroleum diesel, $/ton

PB Price of biodiesel(B100) produced from biomass, $/ton

Cost, Capital cost of plant size p € P for biodiesel(B100) production, $

pBg’”N”V'AX Minimum/Maximum annual capacity of the plant of size p € P for biodiesel(B100)
production, ton/ year

ZB;"'AX The annual demand for biodiesel(B100) in the customer zones, ton/ year

Ql iZAAX Maximum flow rate of biomass | € | fromregion g € G, ton/d

QB Maximum flow rate of biodiesel(B100) from region f € F, ton/d

PBI i'g”N/MAX Minimum/Maximum biomass of type i € | which can be produced in the region g € G per

year, ton/ year
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a, Operating period for the region g € G inayear, d / year
af Operating period for biodiesel(B100) production plants in region f € F inayear, d / year
ac, Operating period for the region ¢ € C inayear, d / year
INS, The government incentive includes construction incentive and volumetric, $ /ton
ECB Emissions emitted during the combustion of CO, unit biodiesel(B100),
kg CO, —eq/tonbiofuel
ECG Emissions emitted during the combustion of CO, unit petroleum diesel,
kg CO, —eq/ton biofuel
CCF Capital charge factor, year‘l
UCCig Unit biomass cultivation cost of biomass type i inregion g, $/ton
UP(;ipf Unit biodiesel production cost from biomass type i at a biorefinery of scale p installed in
region f e F, $/ton
UTC,q Unit transport cost of biomass i € | viamode | € L between region g € G and biorefinery
feF,$/ton
UTBy,, Unit transport cost of biodiesel(B100) via mode b € B between biorefinery f € F and
demand regions ce C, $/ton
As Set-aside area available in region g € G, ha
AgFOOd Set-aside area available in region for food g € G, ha
TEIEMAX Maximum permissible values for the total environmental impact of biodiesel (B100) network
of SC and fossil fuel in the regions, kg CO, —eq/d
TDC MAX Maximum total cost of a biodiesel(B100) SC network, $
Biy The yield per hectare of type i € | biomass in the region g € G, ton/ha
QB Food The total amount of bio-resources of type i € | , which must be provided for all
regions g € G for food security, ton
QT Optimal capacity of transport | € L used for transportation of biomass i € I , ton
QTB;"”N Optimal capacity of transport b € B used for transportation of biodiesel(B100), ton
K mix Proportion of biodiesel(B100) and petroleum-diesel subject of mixing for each of the
¢ customer zones. The ratio of biodiesel(B100) and petroleum diesel is more energy equivalent
ENBY QEB,
between the two fuels. K™ = ——<_— Dimensionless
ENOY YO,
ceC
M ?0”“ Factor to the change of the base price, depending on the region f € F where the plant is
installed M 3™ >1, Dimensionless
Table 3. Decision variables for the problem
Positive Continuous Variables
PBB;,  Production rate of biomass i € | inregion g € G ,ton/d
Qlign Flow rate of biomass i € | viamode | € L fromregion g€ G to f € F, ton/d
QBipfcb Flow rate of biodiesel produced from biomass | € | viamode b € B from region f € F to

c eCataplantofscale p located inregion f € F, ton/d
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QEO

C

ton/ year

Quantity of petroleum diesel to be supplied to meet the energy needs of the region c € C,

QEB Quantity of biodiesel(B100) produced from biomass to be supplied to meet the energy needs of the

C

region c € C, ton/ year

A Land occupied by first generation crop 1 in region g, ha

19

ig

F Land by crops | € | needed for food security of the population in the region g € G, ha

Binary variables

X igfl 0-1 binary variable, equal to 1 if a biomass type i € | is transported from region g € G to
f € F using transport | € L and 0 otherwise
Yo 0-1 binary variable, equal to 1 if a biodiesel is transported from region f € F to ¢ € C using
transport b € B and 0 otherwise
Z 0-1 binary variable, equal to 1 if a plant size p € P isinstalled in f € F and 0 otherwise

pf

Basic relationships

Total environmental impact at work on BSC. The
environmental impact of the BSC is measured in
terms of total GHG emissions (kgCO, —eq)
stemming from SC activities and the total emissions
are converted to carbon credits by multiplying them
with the carbon price (per kgCO, —eq) in the

market.

The three main greenhouse gases emitted
from the SC are methane (CH,), nitrous oxide
(N,O) and carbon dioxide (CO,). The values
of these parameters for life cycle inventory are
obtained. Life Cycle Inventory after grouping
the GHGs (i.e., CO,, CH, and N,O) into a
single indicator in terms of carbon dioxide
equivalent emissions (CO, —eq/year) by
using their respective global warming
potentials (GWPs) based on the
recommendation of Intergovernmental Panel
on Climate Change (IPCC, 2007) [6] for the
100 year time horizon is, as follows: 1 for
CQ,, 25 for CH,, and 298 for N,O.

The environmental objective is to minimize
the total annual GHG emission (te) resulting
from the operations of the biodiesel supply
chains. The formulation of this objective is
based on the field-to wheel life cycle analysis
that takes into account the following life cycle
stages of biomass-based liquid transportation
fuels:

¢ bhiomass cultivation, growth, and
acquisition,
¢ Dbiomass transportation from  source

locations to processing facilities,

+ emissions from biodiesel production,

¢ transportation of biodiesel(B100) facilities

to the demand zones,

¢ emissions from biodiesel(B100) usage in

vehicle operations.

Ecological assessment criteria will represent the
total environmental impact at work on BSC through
the resulting greenhouse gas emissions. These
emissions are equal to the sum of the impact that
each of the stages of the life cycle has on the
environment and are expressed by the dependence:

TEl = ELye + ELy, + EL, + EBgyy (1)

where

TEI Total environmental impact at work on
BSC (kgCO, —eqd™);

ELgc

ELg, ¢ Environmental impact of life cycle
ELTR
stages (kg CO, —eqd ™);

EB.,x Emissions from biodiesel usage in
vehicle operations (kg CO, —eqd ™);

The environmental impact is evaluated at

every stage s € S of the life cycle as:

A. Growing biomass (including drying,
storage);

B. Production of biodiesel(B100);

C. Transportation resources (biomass and
biodiesel(B100)).

Greenhouse gases to grow biomass is:
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Elye = Z;(EFBQQ %) )
iel ge g

where, ELg. denotes the total environmental

impact of biomass cultivation, which in general
represents the production rate of resource i el in
region g eG, refers in this equation to the

cultivation rate of biomass i € | in that region.

Total emissions from biodiesel(B100) production is
determined by the equation:

Elge = ZZ ZZ(EFBR%Qligﬂ) 3)

geGiel feFlel

where ELg, is total environmental impact of
biodiesel(B100)  production  through  given
technology (kg CO, —eqd™).

The environmental impact of transportation is
calculated by:

ELy =3 3 3 3 (EFTRA,ADD,Ql )+

iel geG feF leL

4
33 33 3 (EFTRB, ADF,QB,,..,)
iel peP feFceC beB
where EL. is environmental impact of

transportation of resources (kg CO, —eqd™);

Emissions from biodiesel (B100) usage in vehicle
operations:

EBcar = ZZ ZZZ(ECB QBipfcb) (5)

iel peP feFceC beB

where EB,; is emissions from biodiesel(B100)
usage in vehicle operations (kg CO, —eq d™).

Total environmental impact of the used fuels
(biodiesel(B100) and diesel) to provide the energy
balance of the region. Environmental goal is to
reduce the annual equivalent of greenhouse gases,
resulting from the operations of SC of
biodiesel(B100) and diesel to meet the energy
needs of the regions.

Annual equivalent of greenhouse gases of the
used fuels is determined by the equation:

TEIF =TEI + EG (6)
where
TEIF Total environmental impact of the used

fuels (biodiesel (B100) and petroleum
diesel) to provide the energy balance of

the region (kg CO, —eqd™);
TEI Environmental impact at work on BSC
(kgCO, —eqd™);
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EG.,  Emissions from petroleum diesel usage
in vehicle operations

(kgCO, —eqd™);

Emissions from petroleum diesel usage in vehicle
to supplement the energy balance:

ECG QEO
EG.,. = - ° 7
Total cost of a BSC network. The annual

operational cost includes the biomass feedstock
acquisition cost, the local distribution cost of final
fuel product, the production costs of final products,
and the transportation costs of biomass, and final
products. In the production cost, we consider both
the fixed annual operating cost, which is given as a
percentage of the corresponding total -capital
investment, and the net variable cost, which is
proportional to the processing amount. In the
transportation cost, both distance-fixed cost and
distance-variable cost are considered. The
economic criterion will be the cost of living
expenses to include total investment cost of
biodiesel(B100) production facilities and operation
of the BSC for the operating period. This price is
expressed through the dependence:

TDC =TIC+TPC+TTC+TTAXB-TL (8)
where

TDC  Total cost of a BSC network for year
($ year™);

TIC Investment costs of production capacity of
biodiesel(B100) relative to the operational
period of redemption and up time of the
plant per year ($ year™);

TPC  Production cost ($ year™);

TTC  Transportation cost ($ year™);
TTAXB A carbon tax levied according to the total
amount of CO, generated in the work of

the whole BSC for vear ($ vear™);

B. Ivanov et al: Optimal design and planning of biodiesel supply chain

production and use ($ year™).

a/  Total investment costs model:

The components TIC of (8) shall be determined
under the following relationships:

TIC=CCFY. ¥ (Cost’Z,,) ©

feF peP

The refinery capital cost consists of fixed and
variable capital cost. The fixed capital cost varies
by the refinery locations. The variable capital cost
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of biomass-to-biodiesel(B100) plants, is mainly
influenced by the plant size, since the technology is
considered mature.

Variable capital cost are scaled using the general
relationship [20].

. R
Cost, _ Size,
Cost Size ., )

base
where Cost, is variable capital cost and Size,
represents the investment cost and plant capacity
respectively for the new plant, Cost, ., indicates
the known investment cost for a certain plant
capacity Size .., and R is the scaling factor

usually between 0.6 and 0.8.
Capital cost of biorefinery for each region is
determined by the equation:

Cost;; =M {*'Cost,,vp, f,

where M {*'is a correction factor in the price of
bio-refineries in the region f € F according to its
installed M §*' >1.

b/ Total production cost model

TPC =Y S (UCC, A B, )+

iel geG
, (10)
ZZZ(afoPCprZQBipfcbj
iel peP feF ceC beB

c/ Total transportation cost model

TTC =333 S (@UTC,iQl o)+ (10)

geG leL iel feF
where,

UTC,, = IA, + (1B, ADD,, )

UTB,, = OA, + (OBb ADchb) ’

T1=Y33 3% (of UTB ,QB 1)

iel peP feFbeBceC

IA, and IB;, are fixed and variable cost for

transportation biomass type i el and (OA,,OB,)
are fixed and variable cost for transportation
biodiesel (B100).

The biomass transportation cost UTC, is
described by Borjesson and Gustavsson, 1996 [3].

They are composed of a fixed cost (14, ,OA,) and

a variable cost (1B, ,0B,). Fixed costs include

loading and unloading costs. They do not depend
on the distance of transport. Variable costs include
fuel cost, driver cost, maintenance cost etc. They
are dependent on the distance of transport.

d/  Government incentives for biodiesel (B100)
production cost model
Government incentives for biodiesel(B100)
production and use is determined by the equation:

TL= Z[lef Z(Z(yi% ,Big)]] (12)

feF geG\ iel

e/ A carbon tax levied cost model
A carbon tax levied is determined by the
equation:

YEL;. +YELg, +

Ceo (13)
YELz + FEBcs 2
where, YELg. is the total GHG emissions for

TTAXB = (

biomass cultivation, YEL.; is the environmental
impact of transportation of resources within the
network and YEL g is the environmental impact of

biodiesel (B100) production a year working in the
BSC and determined by the following equations:

YELg = Z Z(EFBCig AgBy )’

iel geG

YEL;, = ZZ ZZ(OCQ% EFBRQI igfl)'

geGiel feFlelL

YEL,, =3 3 33 (o, EFTRA, ADD,Ql )+

iel geG feF leL

33 S (of EFTRB, ADF ,QB,,1,)

iel peP feFceC beB

FEBc,, = > (ECBQEB,),

ceC

QEB, = ZZ ZZ(afoBipfcb)-

iel peP feFbeB

Total cost of fuel used by the regions. The annual
cost of providing the energy balance in the region
includes the cost of diesel and the production and
transportation cost in the stores for blending
biodiesel (B100). In manufacturing costs, we
consider both fixed annual operating costs, which is
given as a percentage by the total amount of
investment capital and net variable cost that is
proportional to the amount of processing. In
transport costs, distance fixed price and distance
variable costs are considered. The economic
criterion will be the total cost of year’s base,
including investment costs for biodiesel (B100)
production and use of the BSC for the lifetime and
cost of the used classic fuel supplement on the
energy balance of the region. This price is given by
the equation:
TBG =TDC +TG (14)

where
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TBG Total cost of fuel used (conventional and
biofuels(B100)) to ensure region's energy

balance ($ year™);

Total cost of a BSC network for year

($ year™);

TG  Total cost of petroleum diesel used from
the regions ($ year™);

The component TG of (14) shall be determined
under the following relationships:

TG =PO) QEO, (15)

ceC

TDC

5.6. Restrictions

Plants capacity limited by upper and lower bounds
constrains. Plants capacity is limited by upper and
lower bounds, as indicated by Egs. (16), where the
minimal production level in each region is obtained
affecting the capacity installed.

PBY™Zy <af 2.0, QB <
iel ceC beB (16)

PBYZ ., vp, f

pf

Balance of biodiesel(B100) to be produced from
biomass available in the regions.

ZQEBc < ZZ(%PB' igAx)

ceC iel geG . ’ (17)
08 < T3 uA)
ZZZ(}/iangigfl):

iel geG leL (18)

DIDIDIPIN Lo N N

iel pePbeB ceC
Logical constraints.

A/ Restriction guarantees that a given regiong
installed power plant with p  for

biodiesel(B100) production
Constraint (19) determined that only one size of
the plant can be installed in a given region:

> Z, <1, vf (19)

peP

B/ Limitation of assurance is provided that the
biomass plant installed in a region g € G of at

least one different region g € G

DI XK =D Zy, Vi, f (20)

geG leL peP

C/ Limit guarantee that each region g will
provide only one plant of biomass type i € |
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D> X <1, Vi,g (21)

feF leL
D/ Limitation of assurance is provided that at least
one region g € G produces biomass that is

connected in a plant located in a region f € F

DIV 2D Zy, V (22)

ceC beB peP

DY <1, ViC (23)
beB

ZZchb = szlgfl ’ Vi’ (24)
ceC beB geG leL

Transport links.

A/ The quantity transported between different
regions is limited by upper and lower bounds,
as indicate by Eq. (25)

MIN
PBI, <
C(g
(AS _ AFOOd )ﬂ (25)
Z ZQIigfl < 2 2 vi,g
feF#g leL 2 g
B/ Restrictions on transportation of biomass
are
ZQI igfl <
leL (26)

0.5(AS — A} S X 0, Vi g,

leL
C/  Limitation that ensures the admissibility of
flow rate for biomass and biofuel

Productivity of biomass in the region restriction
Ql MAXXlgfI = Qllgfl =
QT X. 4, Vi,g,f,l
Flow rate of biomass restricting
QB ?AAXchb 2 ZZQBipfcl 2

icl peP (28)
QTB™Y,,, vf,c,b

(27)
igfl?

Supply chain design constraints. These constraints
are material balances among the different nodes in
the SC. The following are constraints between
different SC nodes:

A/ Productivity of biomass in the region

restriction
d
(Ag _AgF > ):Bi
2

g -
PBB,, < Vi g (29)

Restriction for total environmental impact of all
regions.
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TEIF < TEIFY™ (30)

where TEIFM is maximum permissible values

for the total environmental impact of
biodiesel(B100) network of SC and fossil fuel in

the regions (kg CO, —eqd™)

Mass balances between biodiesel(B100) plants and
biomass regions. The connections between
biodiesel (B100) plants and biomass regions are
determined by the equation:

ZZZ(%QI igﬂ)S Z:(PBSAAXZpf ),Vf (31)

leL geG iel peP

Mass balances between biodiesel(B100) plants and
biofuel customer zones.

ZZZ Z(afoBipfcb)S ZBCMAX , Ve (32)

iel pePbeB feF
Land constraints.

A/ The constraints explained in this section mainly
aim to avoid the negative impacts on food
production to avoid competition with other sectors

for biomass use and to maintain the sustainable use of lan(i3 Cﬂ}/egolfi V‘{h egqcons
accorlng 0

Z(ﬂigAig)— Z(“g PBBig)’v' (33)

geG geG

The land used for raw materials cultivation and
for food security must not exceed the available land
for each region:

(A + A )< (A

iel
B/ Limitation guaranteeing crop rotation

The crop rotation allows to ensure control of
pests, improve soil fertility, maintenance of the
long-term  productivity of the land, and
consequently increase the yields and profitability of
the rotation. Other criteria to take in consideration
when planning crop rotation with energy crops are
the environmental and economic conditions in a
given region. Moreover, the combination of crop
rotation and fallowing is a common practice that is
gaining momentum again due to environmental
benefits and promoted reduction in the dependence
on external inputs.

Crop rotation can be applied if the quantity of
energy crops in a given year can be produced in the
next one but in other areas of the region. This can

be achieved if land A; and A'; such that
inequalities are implemented.

(A, +AF)20<(AS — A7) vi,g (35)
Energy restriction.
A/ Limitation ensuring that the overall energy
balance in the region is provided

— AT vg, (34)

Limitation of enforceability of the energy
balance:

EGD+EB>EO. (36)

Energy equivalent diesel, which is necessary to
meet the energy needs of the all customer zones
where no use biodiesel(B100) is determined by the
equation:

EO=ENOY YO, , (36a)

ceC
where EO is annual requirement of energy
(petroleum diesel) of all regions (GJ year™).

The energy equivalent of petroleum diesel that
must be added, in order to balance the energy
required for all customer zones is determined by the
equation:

EGD=ENOY QEO,,

ceC
where EGD is annual energy added to petroleum
diesel fuel to balance the required energy for all

regions (GJ year™).
The Energy equivalent of biodiesel (B100)
ear o mine

(36D)

epenaence.
EB=ENB) QEB,, (36¢)

ceC
where EB is annual energy received from the
extracted biofuel (biodiesel(B100)) of BSC for all
customer zone (GJ year™).

B/ Limitation ensuring that the overall energy
balance in each customer zones is provided

Limitation of enforceability of the energy
balance for each region:

ENO QEO, + ENB QEB, > ENOYO_,Vc (37)

C/ Limitation ensuring that each region will be
provided in the desired proportions fuels

ENBZZZZ(MfQBipfcb)Z

iel peP feF beB (38)

KM™ENO QEQ,, V¢
Total cost of a BSC network restriction

TDCY"™ >TDC (39)

where TDC M is maximum total cost of a BSC
network ($).

Optimisation problem formulation

The problem for the optimal design of a BSC is
formulated as a mixed integer linear programming
(MILP) model for different target functions as
follows:
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Minimizing GHG emissions. As discussed in
section 4.5.2 environmental objective is to

minimize the total annual CO,-equivalent

greenhouse gas emissions resulting from the
operations of the BSC and petroleum diesel used to
provide the energy balance of the regions. The
formulation of this objective is based on total GHG
emissions in the SC and other fuels are estimated
based on life cycle assessment (LCA) approach,
where emissions are added every life stage.

The task of determining the optimal location of
facilities in the regions and their parameters is
formulated as follows:

Find : X [Decision v ariables |
MINIMIZE {TEIF(X )} — (Eq.6) (40)
st.:{Eq.16 - Eq.39}

Minimizing annualized total cost. The economic
objective is to minimize the annualized total cost,
including the total annualized capital cost, the
annual operation cost, the annual governmental
incentive, and the cost for emittingCO, . The task

of determining the optimal location of facilities in
the regions and their parameters is formulated as
(41)

The problem 5.7.1 and 5.7.2 is an ordinary
Mixed Integer Linear Program (MILP) and can thus
be solved using standard MILP techniques. The
model was developed in the commercial software
GAMS [7] using the solver CPLEX. The model
will choose the less costly pathways from one set of
biomass supply points to a specific plant and
further to a set of biodiesel(B100) demand points.
The final result of the optimisation problem would
then be a set of plants together with their
corresponding  biomass and biodiesel(B100)
demand points.

Find : X [Decision v ariables |
MINIMIZE {TDC(X )} — (Eq.8) (41)
st.:{Eq.16 - Eq.39}

CONCLUSIONS

This study considers the optimal location of
biodiesel (B100) production plants and the
operation of the BSC. MILP approach for the
design and planning of BSC under economic and
environmental  criteria is developed. The
significance of the problem has been expressed by
the extensive investigation of the biofuels sector
that has been taking place during the recent years
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for particular fatal replacement of the highly
polluting conventional fuels. An optimisation
model was developed that enables decision making
for the infrastructure of biofuel conversion
processing including processing locations, volumes,
supply networks, and logistics of transportation
from regions of biomass to bio-refineries and from
bio-refineries to markets. The development of a
flexible optimisation model may solve a wide
spectrum of biofuel problems since this area is very
rapidly changing (not only in economic but also in
other dimensions, such as strategic decisions
concerning the development and progress in the
field, i.e. land dedicated to biofuels). All these can
very easily be accommodated in the optimisation
model, resulting in significant benefits from the
optimisation approach. One of the valuable features
of the approach is the capability to identify and
solve a wide range of different scale and level
problems, such as facility location, raw materials
selection, conversion facilities location and design
and operational characteristics. Furthermore, the
model itself could be easily extended to
accommodate strategic planning issues, such as
investing or not on new production facilities, their
siting, and the introduction of environmental and
other externalities in the calculation of the total
cost. The model that has been developed includes
technical constraints as well as constraints
originating from the limits in various problem
parameters. The optimisation criteria of the model
will in any case express the goals of the stakeholder
and may include maximum economic efficiency,
best environmental behavior, minimum land
occupation, minimum total cost, etc. Another
characteristic of the proposed approach is that the
model is rather simple and can easily be solved
with the available solvers, without needing to
develop new codes or optimisation methods. This
characteristic is important in the potential future
exploitation of the approach and the development
of a Decision Support System. However, the main
critical point in the implementation of this approach
is the difficulty to identify reliable quantitative
information of the various problem parameters.
Therefore, significant progress in other fields or
research in order to provide reliable quantitative
information and data (such as the agricultural
materials properties, the conversion process
efficiency, various costs, land availability etc.) are
critical factors in the performance and the
contribution of the present work.

A final conclusion is that in order to reach the
EU targets particularly in Bulgaria a more
improved interdisciplinary and improved cross-
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sectoral in the energy system will be needed.
Correspondingly the model developed and used
within this study, may constitute a key component
for this kind of studies. Consequently, it is which
makes it highly relevant for policy makers.
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OIITUMAJIHO ITPOEKTUPAHE U INTAHUPAHE HA PECYPCHO OCUT'YPUTEJIHATA
BEPUT' A 3A ITPOU3BOACTBO U JOCTABKM HA BUOJAN3EJI C OTYUTAHE HA
CEUTBOOBPAIIEHUETO. YHACT 1. DOPMVYJIMPOBKA HA MATEMATUYHUWA MOAEJI

B.MBanos™*, b.[Jumurposal, JI.Jo6pymxanues?
D Hucmumym no unoicenepua xumus, Bvneapcka axademus na naykume, 1113 Cogus

AVuugepcumem “Ipogh. Acen 3namapos”, 8000 Bypeac

[ocreruna Ha 3 1oHM, 2013 T.; KOpUTHpaHa Ha sHYapH, 2014 T.
(Pesrome)

Ta3u cratusi € HacOYeHa KbM pelllaBaHe Ha IIpo0ieMa 3a ONTUMAIHO NPOEKTHPAHE HA PECYPCHO OCUTYPHUTEIIHH
BEpUTU 3a MPOU3BOJCTBO U pa3NpOCTpaHeHHe Ha Ouoausen. M3monsyBaHM ca JABa KpUTepHUs 3a OLIEHKA Ha
ONTHUMAJIHOCTTA Ha Bepurara (MKOHOMHYECKH U €KOJIOTHYEH). VIKOHOMUYECKHAT KpUTEpUil OIIeHSBa OOIIUTE TOAUIIHN
pa3xoJuTe, TOKATO EKOJIOTHYHHAT KPUTEPUil OLleHABA OOIINTEe EeMUCHH Ha MApHUKOBH ra30BE B aTMOCBEpaTa 3a IIEJIHs
XKM3HEH LUKBJI Ha MpoAyKTa. [Ipe/ioxkeH e MaTeMaTHIecKH MOJIe, KOWTO MOXKE /1a ce M3II0JI3Ba 3a MPOESKTUPAHE Ha
Bepurata 3a noctaBku (SC) M ympaBieHHe Ha JIOTHCTHKara Ha Ouoamses. MoznembT ompenens Opos, pasmepa U
MECTOIIOJIOKEHUETO Ha OnopaduHepunuTe HEOOXOANMHU 3a POU3BOJICTBOTO Ha OMOAM3EN KaTo Ce M3IMO0J3Ba HAMYHATA
6uomaca. MonensT ce GopMyiIHpa B TEPMUHUTE Ha CMECEHOTO JIMHEWHO Nporpamupane. BaxHa ocoOeHOCT Ha TO3M
MOJIET € Y€ OTYMTA BIMSHUETO Ha POTAIMsATa HAa OHOKYITypHTE.
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Optimal design and planning of biodiesel supply chain considering
crop rotation model.
Part 2. Location of biodiesel production plants on the Bulgarian scale
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The mixed integer linear programming (MILP) model for optimal design and planning of Bulgarian biodiesel
supply chain proposed in Part 1 is applied in this paper. The given feed stocks are sunflower and rapeseed. The country
has been divided into twenty seven regions corresponding to its provinces, each one including existing crops, oil and
biodiesel plants and potential ones associated to binary variables. The mathematical model has been implemented in
GAMS providing a complete decision tool that can be applied to other regions or countries by adjusting the system-

specific data.

Key words: Biodiesel Supply Chain, Crop rotation, Optimum design, Bulgarian scale

INTRODUCTION

Biodiesel production is been explored
throughout the world to ensure economical and
environmental profits in replacing increasing
percentages of fossil-based diesel by biodiesel. In
order to produce its own biodiesel, each country
needs analyzing the economical and environmental
feasibility of the complete production chain
beginning from the availability of raw materials,
their transformation in intermediate and final
products and the storing and distribution of these
one to internal and external markets. The result is a
large network combining several stages with
different options in each stage extending from
alternative biomass crops to the location of product
storage and conversion facilities, modes of
transportation and flows of biomass and products
between regions.

The EU Strategy for Biofuels (2006), the
Biomass Action Plan (2005), and the adoption of
the Biofuels Directive (2003/30/EC) by the EU
Commission all sent a clear signal that the EU
wishes to establish and support the bioenergy
industry  (Commission of the  European
Communities, 2003). Furthermore, biofuels have
been required to account for at least 2% of the total

* To whom all correspondence should be sent:

E-mail: bivanov@bas.bg

transportation fuels used in EU member states since
2005. That minimum level increases to 5.75% in
2010 and 10 percent by 2020.

Supply chain (SC) analysis and optimization
have been extensively reported in the literature
applied to different process industries. However,
biofuel production is mainly focused on individual
aspects of supply chain, as plantation or
transportation and there are only a few papers that
address the entire biofuel supply chain analysis and
optimization. A mathematical model to solve the
problem of designing and managing the BSC for
biodiesel, based on the method of MILP of crop
rotation was proposed in the first part of this work..
The aim of this study work is to apply the
mathematical model for the case of biodiesel
production at the real conditions in Bulgaria.

CASE STUDY: POTENTIAL BIODIESEL (B100)
PRODUCTION IN BULGARIA

The model described in part 1 has been applied
to a case study of biodiesel (B100) production in
the Bulgaria. Two major types of biomass resources
in this case, namely, sunflower and rapeseed for
production of first generation biodiesel (B100) is
used.

A demand scenario has been investigated based
on Bulgarian domestic target for 2010 (5.75% by
energy content) [16].

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Model input data

Territorial division of Bulgaria and data on
energy consumption of petroleum diesel for
transport. According to the Geodesy, Cartography
and Cadastre Agency at the Ministry of Regional
Development and Public Works, the 'Territorial
balance of the Republic of Bulgaria as of
31.12.2000". Bulgaria's total area is 111001.9
square kilometers out of which 63764.8 square
kilometers is agricultural land. From this land,
arable land and utilized agricultural area for 2011 is
3,162,526 hectares (STATISTICAL YEARBOOK
2011 [17]). The main energy crops for biodiesel
(B100) that are suitable for growing in Bulgaria are
sunflower and rapeseed. These crops are now
grown mainly for ensuring food security. Areas that
are employed for this purpose for 2011 are 734,314
ha for sunflower and 209,347 ha for industrial
oleaginous crops including rapeseed. The
agricultural land of Bulgaria is almost 0.7 ha per
inhabitant, compared to 0.4 ha at the average of
EU-25 [1]. Hence, producing the feedstock required
internally becomes easier. In general, feedstock
availability is directly related to land availability.
Therefore, land availability is an important and
critical factor affecting the feedstock amount.

Territorial ~ division of Bulgaria.Bulgaria
comprises 27 regions. In this case study, each
region in Bulgaria is considered to be a feedstock
production region, a potential location of a
biorefinery facility and also a demand zone. In
other words, the biofuel supply chain network
consists of 27 areas for feedstock production, 27
potential biorefinery locations and 27 demand
zones. In the case study, we assumed a 10-year
service life of biorefineries and the fixed cost
parameter for building refineries is amortized into
annual cost to be consistent with other cost
components.

For the purposes of this study, data on
population, cultivated area, as well as the free
cultivated area, which in principle can be used for
the production of energy crops for biodiesel(B100)
production are taken from STATISTICAL
YEARBOOK-2011 [17]. The consumption of
petroleum diesel fuel for transportation in the
country is known and for the year 2011 it amounted
to 1,711,000 tons. For the purposes of this study,
the consumption of petroleum diesel fuel for each
region is assumed to be approximately proportional
to its size.

Data on energy consumption of petroleum diesel
for transport by regions. Table 1 presents the data
on cultivated area distribution corresponding to

each region, population size and fixed consumption
of petroleum diesel fuel for transport.

Petroleum Diesel”. The values for the used
amount of petroleum diesel corresponding to for
each region is assumed to be proportional to their
population in the total set for Bulgaria in 2011,
according to [17].

Feedstock supply chain components for
biodiesel(B100) production in Bulgaria. Biodiesel
(B100) is produced from vegetable oils that are
derived from seeds or pulp of a range of oil-bearing
crops. Such oil crops for Bulgarian climate are
rapeseed and sunflower. Qil from sunflower was
the first type used for biodiesel (B100) production.
Today, in Bulgaria, sunflower is still the main
feedstock for biodiesel (B100) production. It is
grown throughout Bulgaria and sunflower seed
crops are grown mainly in the warmer areas.
Bulgaria has great potential and traditions for
rapeseed and sunflower cultivation. Therefore the
main energy crops that will be discussed in this
study are, as follows: rapeseed and sunflower for
biodiesel (B100) production.

Emission factor for cultivation of feedstock and
yields. Greenhouse gas emissions in the agronomy
phase for cultivation of sunflower and rapeseed
lifecycle phases include soil preparation, seeding,
tillage, fertilization, and finally harvest.

For different regions in Bulgaria aggregate
Green House Gases (GHG) emissions for the entire
life cycle of growing energy crops vary greatly
depending on terrain, weather conditions, the
technology of growing crops and imported fertilizer
to increase yields. Table 2 gives GHG emissions in
the agronomy phase to rapeseed and sunflower for
different regions of Bulgaria.

Data for the production cost of energy crops
(sunflower and rapeseed) in Bulgaria. Unit biomass
cultivation cost includes all costs associated with
the cultivation of biomass, and a final selling price
in the region (not including shipping costs for
delivery to biorefineries). Cultivation cost is
variable and is a function of the Regions, the
technology of cultivation of the species on earth
and bio cultures

The specific annual yield of each raw material
per hectare of cultivated area differs significantly
from one region to the other, depending on various
parameters, such as climate, soil, etc. Table 3 show
the specific annual yield of each raw material
(Sunflower and Rapeseed) for biodiesel(B100)
production, respectively, as well as the available
land in each region in Bulgaria
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Table 1. The distribution of set-aside land per regions in Bulgaria

Name of regions 5 i Current cultivated Land reserved Petroleum
No Opli|7a“0” area [4] for food [4] Diesel”
Units 7] ha ton/ year

1 Region-1 = Vidin 99481 90 853 45426 23230
2 Region-2 —> Montana 145984 130 243 65121 34089
3 Region-3 — Vratsa 184662 175528 87764 43120
4  Region-4 = Sofia 1542231 68 201 34100 360130
5 Region-5 =>Pernik 131987 33980 16990 30820
6 Region-6 —> Kyustendil 134990 18 537 9268 31521
7 Region-7 —> Blagoevgrad 322025 20512 10256 75196
8  Region-8 —» Pazardjik 273803 57 675 28837 63936
9  Region-9 = Lovech 139609 66 834 33417 32600
10  Region-10=>Pleven 266865 289 355 144677 62316
11  Region-11=>V.Tarnovo 256279 168 194 84097 59844
12 Region-12 = Gabrovo 121389 21507 10753 28345
13 Region-13 = Plovdiv 680884 179 416 89708 158995
14 Region-14 = Smolyan 120456 5095 2547 28128
15  Region-15 = Kardjali 152009 12 751 6375 35496
16  Region-16 = Haskovo 243955 116 657 58328 56966
17 Region-17 = St.Zagora 331135 173 465 86732 77324
18  Region-18 = Yambol 130056 149 686 74843 30369
19  Region-19 = Sliven 196712 85021 42510 45934
20  Region-20 = Targovishte 119865 98 038 49019 27990
21  Region-21 => Rouse 233767 170 072 85036 54587
22 Region-22 = Razgrad 123600 140 215 70107 28862
23 Region-23=> Shumen 179668 140 824 70412 41954
24 Region-24 = Silistra 118433 146 411 73205 27655
25  Region-25=> Dobrich 188088 329 809 164904 43920
26  Region-26 = Varna 474344 160 786 80393 110765
27  Region-27 = Bourgas 414947 177572 88786 96895

Total 7327224 3162526 1613611 1711000
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Table 2. Greenhouse gas emissions in the agronomy phase and potential yields from
rapeseed and sunflower in the regions in Bulgaria

No Regions GHG emissions in the The yield cultivation in
[5] agronomy phase regions

Units kg CO, —eq ton™ biomass ton/ha
Energy crops Sunflower Rapeseed Sunflower Rapeseed

1 Region-1 = Vidin 1425 1120 2.8 2.2

2 Region-2 —> Montana 1150 890 2.2 2.6

3 Region-3 —> Vratsa 875 660 1.8 2.0

4 Region-4 —> Sofia 1700 1350 15 1.8

5 Region-5 = Pernik 1425 1120 1.8 2.2

6 Region-6 —> Kyustendil 1700 1350 1.5 1.8

7 Region-7 —> Blagoevgrad 1700 1350 15 1.8

8 Region-8 —=> Pazardjik 1700 1350 2.2 3.2

9 Region-9 = Lovech 1425 1120 1.8 3.2

10 Region-10 = Pleven 600 430 2.8 35

11 Region-11 = V.Tarnovo 875 660 2.4 3.0

12 Region-12 = Gabrovo 1425 1120 1.8 2.2

13 Region-13 => Plovdiv 1425 1120 1.8 2.2

14 Region-14 = Smolyan 1700 1350 15 1.8
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15
16
17
18
19
20
21
22
23
24
25
26
27

Region-15 => Kardjali
Region-16 = Haskovo
Region-17 = St.Zagora
Region-18 = Yambol
Region-19 = Sliven
Region-20 = Targovishte
Region-21 = Rouse
Region-22 => Razgrad
Region-23 => Shumen
Region-24 = Silistra
Region-25 => Dobrich
Region-26 = Varna
Region-27 = Bourgas

1700 1350
1425 1120
875 660
1150 890
1150 890
1150 890
600 430
875 660
875 660
875 660
600 430
875 660
1425 1120

1.5
1.8
2.8
2.6
2.4
2.2
3.3
2.8
2.8
2.8
3.4
2.8
2.8

1.8
2.2
3.0
2.6
2.6
2.6
3.5
3.0
3.0
3.0
3.5
3.0
2.8

Table 3. Unit biomass cultivation cost and maximum amount of biomass that can be
produced in the regions of Bulgaria

No Regions Cultivation costs per unit Maximum biomass
biomass [7,10] production
Units $ton* biomass ton year™
Energy crops Sunflower Rapeseed Sunflower Rapeseed
1 Region-1 = Vidin 213 236 47698 40884
2 Region-2 = Montana 198 233 68378 58609
3 Region-3 — Vratsa 195 230 92152 78987
4 Region-4 = Sofia 227 239 35806 30690
5 Region-5 — Pernik 213 236 17839 15291
6 Region-6 —> Kyustendil 227 239 9732 8342
7 Region-7 —> Blagoevgrad 227 239 10768 9230
8 Region-8 — Pazardjik 227 239 30279 25954
9 Region-9 = Lovech 213 236 35087 30075
10 Region-10 = Pleven 192 227 151911 130210
11 Region-11 => V.Tarnovo 195 230 88301 75687
12 Region-12 = Gabrovo 213 233 11291 9678
13 Region-13 = Plovdiv 213 236 94193 80737
14 Region-14 = Smolyan 227 239 2675 2293
15 Region-15 = Kardjali 227 239 6694 5738
16 Region-16 = Haskovo 213 236 61245 52496
17 Region-17 = St.Zagora 195 230 91069 78059
18 Region-18 = Yambol 198 233 78585 67358
19 Region-19 = Sliven 198 233 44636 38259
20 Region-20 = Targovishte 198 233 51469 44117
21 Region-21 = Rouse 192 227 89287 76532
22 Region-22 = Razgrad 195 230 73613 63097
23 Region-23 = Shumen 195 230 73932 63370
24 Region-24 = Silistra 195 230 76866 65885
25 Region-25 => Dobrich 192 227 173150 148414
26 Region-26 = Varna 195 230 84412 72353
27 Region-27 = Bourgas 213 236 93225 79907

Data for the biodiesel production cost Unit
biodiesel production cost from Sunflower and
Rapeseed for biorafinery of all scale p for each 27

regions is 214$ /ton biodiesel

Required feedstock (rapeseed and sunflower) to
ensure food security in Bulgaria
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Table 4. Value of biological resources to ensure food
security in Bulgaria

Type of  Total bio-resources  Cultivated area
Energy amount for food used for food
crops security security
Units ton/year ha
1  Sunflower 1321765 734314
2  Rapeseed 376824 209347
Table 4 presents data taken from the

STATISTICAL YEARBOOK-2011 [17]. It
describes cultivated area in 2011 for production of
sunflower and rapeseed to ensure food security of
Bulgaria. In this work, we assume the data as basis
that ensures food security to all regions of Bulgaria.

Potential sites for locations of biorefineries in
Bulgaria. Suitable potential biorefinery locations
throughout the state have been chosen based on a
set of criteria considering the accessibility to water
and transportation infrastructures and zoning
requirements. In total, all 27 regions were selected
as candidate refinery locations and they are
dispersed across the Bulgarian territory.

The technology of biodiesel (B100) production
used in this study. It is based on the use of
technology for producing biodiesel (B100) by
esterification of vegetable oils. It is assumed that
pure vegetable oil is obtained from rapeseed oil or
sunflower by mechanical pressing or solvent
extraction.

Production route is as follows: Oilseeds are
crushed to produce oil, which after filtering is
mixed with ethanol or methanol at about 50°C. The
resultant esterification reaction produces fatty acid
methyl esters (FAME), which are the basis for
biodiesel (B100), and the co-product glycerine
which can be wused in soap manufacture.
Approximately 100 kg of glycerine is produced per
tone of biodiesel(B100). Another co-product is the
residue "cake" from the crushing of the oilseeds,
which is rich in protein and is used for animal feed.

This technology for extracting oil from oilseeds
has remained the same for the last 10-15 years and
is not likely to change significantly. Similarly,
biodiesel(B100) production from the oil is a
relatively simple process and so there is little
potential for efficiency improvement. There is,
however, ongoing research into the better
utilisation of co-products.

Biomass to biodiesel(B100) conversion factor.
Conversion efficiency of rapeseed and sunflower
biodiesel(B100) ranges from 389l/ton to
4541 /ton[15]. We use a conversion efficiency of
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4211 /ton(371kg/ton)  for  sunflower and
3441 /ton(303kg/ton) for rapeseed, which is the

average of the lowest and highest conversion
efficiency found in literature.

Biorefinery costs and capacity. The refinery
capital cost (as shown in Part 1) consists of fixed
and variable capital cost. The fixed capital cost
varies according to refinery locations while the
variable capital cost of biomass-to-biodiesel plants,
iIs mainly influenced by the plant size, since the
technology is considered mature.

Variable capital cost is scaled using the general
relationship [20]

Costp 3 Sizep
Cost

R
: , Where Costp is variable
Size ..

base

capital cost and Sizep represent the investment

cost and plant capacity for the new plant,
respectively Cost,,. =3.5M$ for

Size, ., = 8500 ton/ year and then adopted base

price is 412 $/ton according to [15].

Capital cost of biorefinery for each region is
determined by the equation:

Cost; = M{*'Cost,, VpeP,VfeF,
where M $*" =1; in our case it is assumed that all

27 regions f € F .
The refinery capacity at all candidate locations
can be up to PB;" =100000 ton/ year .They are

broken down into discrete order shown in Table 5.
Biodiesel(B100) production costs. Production
costs per unit of biodiesel (B100) in a biorefinery
installed in the region in case the Keys to
Manufacturing Operating expenses such as:
Chemicals and catalysts, gas, electricity, makeup
water, wastewater treatment and disposal,
administrative and operating costs and direct labor
and Benefits. As discussed in [7], the average costs
are 125 $/ton for each region of biodiesel (B100),

not including the costs of raw materials. In the case
study, we assumed a 10 year service life of
biorefineries, and the fixed cost parameter for
building refineries is amortized into annual cost to
be consistent with other cost components.

Data for biodiesel(B100) and petroleum diesel.
The data necessary for the purposes of this study
were taken from the literature [12,13,14] and the
parameters of biodiesel and petroleum diesel are
given in Table 6.
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Table 5. Total specific investment cost of biodiesel(B100) production plants as a function of their size

Size of the Variable capital MIN capacity of MAX capacity of Average capital
biodiesel(B100) cost of the the biodiesel the biodiesel costs per unit of the
plant [9,10] biodiesel (B100) (B100) plant (B100) plant biodiesel (B100)

plant Cost | PB™ PB"
Units M$ ton/ year $/ton
Size-1 3.5000 1000 8500 411.76
Size-2 4.3018 6000 11000 391.07
Size-3 6.3790 8000 18000 354.39
Size-4 8.0297 10000 24000 334.57
Size-5 10.8589 14000 35000 310.25
Size-6 14.4447 25000 50000 288.89
Size-7 18.4731 30000 68000 271.66
Size-8 19.7660 38000 74000 267.11
Size-9 22.0835 44000 85000 259.81
Size-10 25.1497 55000 100000 251.50
Table 6. Emission coefficient of fuel and energy equivalent
Type of fuel Emission Energy Energy Density Price of
coefficient equivalent equivalent (average) biofuel
Source [13] [12] [14]
Unit kgCO, —eq/ton GJ/ton MWh/ton ton/m?® $/ton
Petroleum Diesel 3623 42.80 11.880 0.840 1192.70
Biodiesel(B100) 1204 37.80 7.720 0.880 -
Biodiesel (B100) and petroleum diesel transportation network was introduced. This

proportion, subject of mixing. In order to set
national indicative targets for the consumption of
biofuels in any country, the European Concil’s
Directive 2003/30/EC (8-9 March 2007) has set out
and adopted new targets for increasing the share of
biofuels. In the above documents are targets for
biofuels: indicative target of 5.75% for 2010;
binding target for the share of biofuels of 10% for
all states-states in the total consumption of petrol
and petroleum diesel for transport in the EU by
2020 to be achieved in a cost effective manner.
Production of biodiesel (B100) is used as a
component in mixtures of petroleum diesel oil
produced in a specific proportion [11]. Bulgaria in
2011 is to use biodiesel-petroleum diesel blend
ratio of 6% biofuel (B100) and 94% npetroleum
diesel.

Data for cost transportation for biomass and
biodiesel (B100). In order to estimate the costs of
transportation of the feedstock and fuels in the
entire  supply chain system, a GIS-based

network contains local, rural, urban roads and
major highways. The shortest distances between
feedstock fields, refineries, and demand cities were
calculated based on this network. Since only in-
state production and delivery are considered, we
assume that all transportations are performed by
tractor, truck and rail for transporting biomass
(Sunflower and Rapeseed) and for biodiesel (B100)
transportation by truck and rail. Transportation
costs include three components: loading/unloading
cost, time dependent travel cost, and distance
dependent travel cost. Time dependent cost
includes labor and capital cost of trucks, while
distance dependent cost includes fuel, insurance,
maintenance, and permitting cost.

The biomass transportation cost is described by
Leduc [6], and detailed in Table 7 and Table 8., for
transportation by tractor, truck and train for
biomass (sunflower and rapeseed) and biodiesel
(B100).

Table 7. Unit transportation cost for each mode of transportation and type of the biomass

Energy crops Fixed cost 1A, Variable cost 1B;,
Unit $ton*km™*
Type of transport Tractor Truck Train  Tractor Truck Train
Sunflower 2.486 9.28 1963 0.14 0.209 0.029
Rapeseed 2.486 9.28 19.63 0.14 0.209 0.029
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Table 8. Unit costs for each transportation mode and biodiesel (B100), rcf. [6].

Fixed cost OA,

Variable cost OB,

Unit $ton *km™
Type of transport Truck Train Truck  Train
1 Biodiessel(B100) 24.11 7.86 0.436  0.173

Data for emission factors for transportation biomass and
biodiesel(B100). The simplest approach for estimating
emissions from road and rail transport is based on the
amounts of each fuel consumed. The approach for
COz is indicated in Table 9. This is based directly on
the carbon content of the fuel. The default average
emission factors used in this guideline are based on
the average emission factors recommended in [2,3,8].
Data for Actual delivery distance between regions in
Bulgaria.

A/ Actual delivery distance between regions.

Distances in kilometers between settlements in
Bulgaria for the purposes of this study were taken
from the National Transport Agency for each type of
transport (tractor, truck, rail).

B/ Average local delivery distance. While the
distance between a region with them will be the
average distance of the feedstock being transported to
the factory (assuming it is installed in a certain place
of the region). To calculate the transportation
distance required, the coordinates of each biomass
site, namely the potential biorefinery location was
identified. The data used in this paper is given at the
level of a county, therefore the coordinates of the
center point of a county are used to calculate the
geographical distances between locations. In general,
the average distance can be determined according to
the relationship:

z (ngd nI:Iant)

meM

d =——— (1)

99 ngm

meM g

where dgg. is the average distance that is
expected for transport of the feedstock produced in
region geG, g=g to the factory installed in
place Plant (Figure 1) installed in the specified
location of this region, S, is the area of sub-region
meM,, and drﬁ'a"t indicates the distance between

landmark center sub region me M and places in
which it is permissible to install biorefinery.
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Table 9. Emission factor of transportation for mode |

Type of transport Emission Emission
[2,3,8] factor of factor of
transportation  transportation
biomass biofuel
Unit kg COz-eq.kmton™
1 Tractor 0.591 -
2 Truck 0.228 0.228
3 Van<3.5t 1.118 1.118
4 Truck, 16 t 0.304 0.304
5 Truck, 32 t 0.153 0.153
6 Train, freight 0.038 0.038

Fig. 1. Scheme to determine the average distance for the
transport of feedstock in a region where the biorefinery is
located in the same region

Table 10 presents the average distance for each of
the 27 regions of Bulgaria. It is used in the method
described above.

Computational results and analysis

In this section, we present the results from the
case study described, identifying the optimal system
design, the system costs, and feedstock supply
strategies.

The mathematical model proposed in the first part
of this work is used to solve the case study at the
conditions at present in Bulgaria. The Software code
is carried out by using GAMS intended for solving
specific problems with real data.
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Table 10. Average distance for each region determined by (1).

Type of transport Tractor Truck Rail
Name of regions km

1. Region-1 to Region-1 25 25 25

2. Region-2 to Region-2 27 27 27

3. Region-3 to Region-3 27 27 27

4, Region-4 to Region-4 46 46 46

5. Region-5 to Region-5 17 17 17

6. Region-6 to Region-6 36 36 36

7. Region-7 to Region-7 44 44 44

8. Region-8 to Region-8 25 25 25

9. Region-9 to Region-9 38 38 38

10. Region-10 to Region-10 35 35 35

11. Region-11 to Region-11 36 36 36

12. Region-12 to Region-12 13 13 13

13. Region-13 to Region-13 33 33 33

14. Region-14 to Region-14 39 39 39

15. Region-15 to Region-15 26 26 26

16. Region-16 to Region-16 40 40 40

17. Region-17 to Region-17 33 33 33

18. Region-18 to Region-18 21 21 21

19. Region-19 to Region-19 27 27 27

20. Region-20 to Region-20 18 18 18

21, Region-21 to Region-21 25 25 25

22, Region-22 to Region-22 22 22 22

23. Region-23 to Region-23 31 31 31

24, Region-24 to Region-24 24 24 24

25, Region-25 to Region-25 32 32 32

26. Region-26 to Region-26 27 27 27

27. Region-27 to Region-27 44 44 44
Table 11. Flow rate biomass from grow region to biodiesel (B100) plants
No Name of regions Criterion 1 Criterion 2

(a)-Min. GHG emission (b)-Min. Cost BSC
Type of transport TRACTOR RAIL TRACTOR TRACTOR
Type of energy crops Sunflower Rapeseed Sunflower Rapeseed
Unit ton/day

1. Region-10 to Region-9 1.00 405.76 257.94 1.00
2. Region-10 to Region-10 1.00 517.42 590.43 1.00
3. Region-21 to Region-21 1.00 77.98 0.00 0.00
4. Region-25 to Region-26 1.00 384.55 193.25 1.00
5. Region-25 to Region-25 0.00 0.00 90.83 1.00

Table 12. Distribution of greenhouse gases stages of the life cycle.

No. Criterion 1 Criterion 2
(a)-min. GHG emission (b)-min. cost BSC

Unit kg CO.-eq/day % kg CO2-eq/day %
1. GHG emission to grow 598253.76 31.48 681193.39 33.58
2. GHG emission for biodiesel prod. 809051.27 42.57 824122.93 40.63
3. GHG emission of transportation 2914.98 0.15 32901.26 1.62
4. GHG emission from biodiesel usage 490033.59 25.78 490033.59 24.16
5. Total GHG emission for BSC 1900253.61 100 2028251.18 100

stages of biodiesel (B100) relative to day work

Biomass supply. The optimal biomass flows are
given in Table 11.Distribution of greenhouse gases
stages of the life cycle of biodiesel (B100). Table 12
shows the distribution of greenhouse gas life cycle

BSC
Solutions obtained in the case of optimal
synthesis conforming to criterion (a) minimum total
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GHG emission in the work of BSC and minimum
annualized total cost of BSC showed that GHG
emission is only 6.31% lower in case (a) than in
case (b), while the price of biodiesel (B100) is
37.63% higher in case (a) than in case (b). This is
due to the increased capital and operational costs
(a). Furthermore, the reduction of GHG emission at
the expense of optimization of transport emissions
in (@) and use as canola feedstock at (a) instead of
sunflower seeds in (b).

The cost structure for biodiesel (B100) in the
supply chain. The total system cost consists of four
components: feedstock procurement cost, refinery
capital cost, production cost, and transportation
cost. The refinery capital cost contains fixed and
variable capital costs. The transport cost includes
both the delivery cost of feedstock to refineries and
fuel distribution cost from refineries to cities.

Table 12 shows the breakdown of cost for one-
year work BSC throughout the planning period,
send the optimal solution for the design of the

supply chain for both evaluation criteria (economic
and environmental).

The solutions obtained in the case of an optimal
synthesis at criterion (a) Minimum Total GHG
emission and Minimum Annualized Total Cost of
BSC showed that emissions of greenhouse gases
are only 6.31% lower in case (a) than case (b),
while the price of biodiesel(B100) extracted is
37.63% higher in case (a) than in case (b). This is
due to the increased capital costs of case (a) than of
case (b). Furthermore, case greenhouse gas
emissions are at the reduced expense of
optimization of transport emissions in case (a) and
use as feedstock rapeseed instead of sunflower
seeds in case (b). The rapeseed shows less
emissions and growing production in refineries
compared sunflower, used in case (b). In genera,
the cost of biodiesel produced is less competitive
(i.e. in the range of $0.76-$1.05 per kg) over the
year. Accounting for the largest portion in the total
cost (between 67% and 70%) total biomass cost of
in the range a BSC is identified as the major cost
drive in the system.
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Fig. 2. Distribution of agricultural land by way of use for each of the regions in case
(b)-Minimum Annualized Total Cost
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Fig. 3. Distribution of agricultural land by way of use for each of the regions in case
(a)-Minimum Total GHG emission.
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Table 13. Biodiesel (B100) cost structures in case (a)-Minimum Total GHG emission and
(b) Minimum Annualized Total Cost.

No Criterion 1 Criterion 2
(a)-Min. GHG emission (b)-Min. Cost BSC

Unit $/ year % $/ year %
1. Total inv. cost a BSC per year 6681600.00 6.00 4365600.00 5.40
2. Total production cost of a BSC 13167282.72 11.83 13167282.72 16.29
3. Total biomass cost of a BSC 78830839.68 70.88  54584871.32 67.55
4. Total transport cost of a BSC 9713152.54 8.73 5066114.10 6.27
5. Carbon tax levied per year 11876585.08 10.67 12676569.85 15.69
6. Government incentives per year 9059090.51 8.14 9059090.51 11.21
7.  Total cost BSC 111210369.50 100 80801347.49 100
8.  Price of biodiesel(B100) 1055.745%/ton 767.065%/ton

Distribution of land.

Table 14. Distribution of arable land for different purposes and in the regions in case
(b) -Minimum Annualized Total Cost

Regions Land for biodiesel Land for food FREE
N (B100) security Land All Land
0 Type of energy crops Sunflower  Rapeseed  Sunflower  Rapeseed
Unit ha
1 Region-1 = Vidin 0 0 22713 0 22713 45426
2 Region-2 —> Montana 0 0 32561 0 32561 65121
3  Region-3 — Vratsa 0 0 43882 0 43882 87764
4  Region-4 —> Sofia 0 0 17050 0 17050 34100
5 Region-5 = Pernik 0 0 8495 0 8495 16990
6 Region-6 = Kyustendil 0 0 4634 0 4634 9268
7 Region-7 => Blagoevgrad 0 0 5128 0 5128 10256
8 Region-8 — Pazardjik 0 0 14419 0 14419 28837
9 Region-9 = Lovech 0 0 16708 11572 5136 33417
10 Region-10=>Pleven 52356 142 19982 72196 0 144677
11 Region-11 = V.Tarnovo 0 0 8491 0 75605 84097
12 Region-12 => Gabrovo 0 0 5377 0 5377 10753
13 Region-13 = Plovdiv 0 0 44854 44854 0 89708
14 Region-14 = Smolyan 0 0 1274 0 1274 2547
15 Region-15=> Kardjali 0 0 3188 0 3188 6375
16 Region-16 = Haskovo 0 0 29164 0 29164 58328
17 Region-7 = St.Zagora 0 0 0 0 86733 86732
18 Region-18 = Yambol 0 0 37421 0 37421 74843
19 Region-19 => Sliven 0 0 21255 0 21255 42510
2 Region 20 => Targovishte 0 0 24509 0 24509 49019
21 Region-21 => Rouse 0 0 42518 0 42518 85036
22 Region-22 = Razgrad 0 0 35054 0 35054 70107
23 Region-23 => Shtumen 0 0 0 0 70412 70412
24 Region-24 = Silistra 0 0 0 0 73206 73205
25 Region-25=> Dobrich 28591 71 0 0 136241 164904
26 Region-26 = Varna 0 0 40196 0 40196 80393
27 Region-27 => Bourgas 0 0 44393 0 44393 88786
Table 15. Distribution of arable land for different purposes
Criterion 1 Criterion 2
No Unit (8)-Min. GHG emission (b)-Min. Cost BSC
ha

1. BIOFUELS Land 99264 81175

2. RESERVATION Land 1613611 1613611

3. FOOD Land 668093 657463

4. FREE Land 846267 874986
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Biodiesel (B100) production plant locations.

Fig. 4. Optimal BG biodiesel(B100) supply chain
configuration in case (b)-Minimum Annualized Total
Cost for BSC.

Table 16. Optimal biorefinery locations, Min/Max
capacity and annual production of biodiesel (B100) for
different criteria.

Biodiesel MIN MAX Annual
production  Capacity  Capacity Biodiesel
No plant of Plants  of Plants  produced in
locations factories
Units ton/year
Minimum Total GHG emission
1. Region-9 30000 68000 30829
2. Region-10 30000 68000 39286
3. Region-21 1000 8500 6000
4. Region-26 25000 50000 29222
Minimum Annualized Total Cost
1. Region-9 10000 24000 24000
2. Region-10 30000 68000 54838
3. Region-25 1000 8500 8500
4. Region-26 8000 18000 18000
Fig. 5. Optimal BG biodiesel(B100) supply chain
configuration in case
(a)-Minimum GHG emission for BSC.
Table 16 presents the results of the optimization
for optimal locations of biorefineries (their

minimum and maximum capacity) and the annual
guantities of biodiesel to be produced, in order to
meet the needs of all regions.
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Biodiesel (B100) distribution. The main mode
preferred for biodiesel (B100) transportation from
biodiesel (B100) plants to customer zones is rail
with its lower unit cost and higher capacity
compared to road transport.

Table 17. Flow rate of biodiesel from biodiesel plants
to costumer zones in case: (a)-Min. Total GHG
emission and (b)-Min. Annualized Total Cost.

Transportation

Name of regions - .
9 biodiesel from rail

Unit ton/day
Variant of criterion Case (a)- Case (b)

Region-9 to Region-4 0 5.00
Region-9 to Region-7 13.52 0
Region-9 to Region-8 15.75 8.31
Region-9 to Region-11 5.00 5.00
Region-9 to Region-12 6.98 6.98
Region-9 to Region-13 39.15 39.15
Region-9 to Region-14 6.93 6.93
Region-9 to Region-15 8.74 8.74
Region-9 to Region-16 8.21 5.00
Region-9 to Region-17 19.04 5.00
Region-9 to Region-19 0 5.89
Region-10 to Region-1 5.72 5.72
Region-10 to Region-2 8.39 8.39
Region-10 to Region-3 10.62 10.62
Region-10 to Region-4 88.69 83.69
Region-10 to Region-5 7.59 7.59
Region-10 to Region-6 7.76 7.76
Region-10 to Region-7 5.00 18.52
Region-10 to Region-8 0 7.44
Region-10 to Region-9 8.03 8.03
Region-10 to Region-10  15.35 15.35
Region-10 to Region-11 0 9.74
Region-10 to Region-16 0 9.03
Region-10 to Region-17 0 14.04
Region-10 to Region-21 0 13.44
Region-21 to Region-11 ~ 9.74 0
Region-21 to Region-16 ~ 5.82 0
Region-21 to Region-21 ~ 8.44 0
Region-25 to Region-23 0 5.00
Region-25 to Region-25 0 5.82
Region-25 to Region-26 0 18.18
Region-25 to Region-27 0 5.00
Region-26 to Region-18  7.48 7.48
Region-26 to Region-19  11.31 5.42
Region-26 to Region-20  6.89 6.89
Region-26 to Region-21  5.00 7.11
Region-26 to Region-22  7.11 5.33
Region-26 to Region-23  10.33 6.81
Region-26 to Region-24  6.81 0
Region-26 to Region-25  10.82 5.00
Region-26 to Region-26 ~ 27.28 9.09
Region-26 to Region-27  23.86 18.86

Table 17 is a daily flow of biodiesel (B100)
from biodiesel (B100) plants to costumer zones as
optimal form of rail transport.
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Table 18. Summary of computational results in case: (a)-Minimum Total GHG emission and

(b)-Minimum Cost BSC

Units Criterion 1 Criterion 2
(a)-Min. GHG emission (b)-Min. Cost BSC
Min. Total GHG emission () kgCO, —eqd™ 25347651.82 25475649.38
Min. Cost BSC (b) $/ year 111210369.50 80801347.49
Min. GHG emissions BSC kgCO,—eqd™ 1900253.61 2028251.18
GHG emission for diesel kgCO, —eqy™ 23447398.21 23447398.21
GHG emission to grow biomass kgCO, —eqd™ 598253.76 681193.39
GHG emission for production: kgCO, —eqd™ 809051.27 824122.93
GHG emission from transport: kgCO, —eqd™ 2914.98 32901.26
GHG emission from biofuel: kgCO, —eqd™ 490033.59 490033.59
Total cost biodiesel(B100) plants $ 55680000.00 36380000.00
Total operating expenses for year $/ year 45043178.40 37336187.02
Investment. cost a BSC per year: $/ year 6681600.00 4365600.00
Total biomass&prod. cost of a BSC: $/ year 91998122.40 67752154.04
Total production cost of a BSC: $/ year 13167282.72 13167282.72
Total biomass cost of a BSC: $/ year 78830839.68 54584871.32
Transport cost of a BSC: $/ year 9713152.54 5066114.10
Carbon tax levied: $/ year 11876585.08 12676569.85
Government incentives: $/ year -9059090.51 -9059090.51
Total Land all regions: ha 3227237.00 3227237.00
Total BIOFUELS Land: ha 99264.74 81175.40
Total RESERVATION Land: ha 1613611.00 1613611.00
Total FOOD Land: ha 668093.45 657463.95
Total FREE Land: ha 846267.81 874986.65
Sunflower Land for biodiesel ha 285.71 80889.69
Rapeseed Land for biodiesel(B100) ha 98979.03 285.71
Sunflower Land for foods ha 514930.25 504300.75
Rapeseed Land for foods ha 153163.20 153163.20
FOOD&BIOFUEL(Sunflower) ha 515215.96 585190.44
FOOD&BIOFUEL (Rapeseed) ha 252142.23 153448.91
Diesel to meet the energy ton/ year 1710987.00 1710987.00
Biodiesel(B100) in regions ton/ year 105338.26 105338.26
Petroleum diesel in regions ton/ year 1617954.61 1617954.61
. o kgCO, —eq
GHG emission by biodiesel(B100) —_— 4509.80 4811.90
ton biodiesel
GHG emission by petroleum diesel kg CO, —eq
W 3623.00 3623.00
Price of biodiesel(B100) $/ton 1055.745 767.065
The model proposed was solved in GAMS 22.8 represent  the  investment  decisions

using CPLEX 11.1 solver on an Intel Core 2 Duo
P8600 2.4 GHz with 4 GB RAM on a 32-bit
platform. The mixed integer linear model is
composed of 13510 constraints and 12123 variables
(out of which 6102 are binary variables that

management). The solution was obtained in less
than 539s using the simplex and barrier algorithms
available in the CPLEX solver.
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DISCUSSION AND CONCLUSIONS

The biofuel industry is anticipated to rapidly
expand in the decades to come, and the impacts of
the industry growth on agricultural industry and
regional economy need to be investigated. In recent
years the “food versus energy” competition has
been heatedly debated. This paper studies the
interactions of biofuel supply chain design with
agricultural land use and local food market
equilibrium. We focus on economic behavior of the
stakeholders in the biofuel supply chain, and
incorporate them into the supply chain design
model.

In this paper, a systems optimisation framework
has been introduced for the optimal design of a
Bulgaria first generation biodiesel(B100) supply
chain. The model proposed has been applied to a
case study of biodiesel(B100) production in
Bulgaria.  Different instances have  been
investigated for years 2012 (5.75% by energy
content) based on the domestic biofuel targets. For
2012, first generation technologies have been
studied. The use of set-aside land for these two
special energy crops has also been taken into
account.

This paper presents the issues related to
designing and managing the biomass-to-biorefinery
supply chain. A mathematical model is proposed
that can be used to design and manage this supply
chain. Bulgaria is used, as a case study to show
how this model can be used to identify potential
location for biorefineries, and give insights about
the factors that impact the delivery cost of
biodiesel(B100).

The data used to validate the model and perform
the computational analyses presented above is
collected from a number of sources such as
research articles and the statistical yearbook of
Bulgaria. Due to data availability, only two major
sources of biomass feedstock sunflower and
rapeseed relevant to Bulgaria are considered.

A similar model could be used to design the
supply chain of a biorefinery provided other
biomass feedstock is being used.

Based on the inputs and outputs of the optimal
synthesis in criterion for minimizing total annual
costs (see Table 18), one could say that about
19.9% of the price for the supply of
biodiesel(B100) are due to investment costs,
approximately 20.5% are due operating costs, 35%
are due to raw material costs for collection,
approximately 35% are due to carbon tax collected
approximately 14.47% are due to transportation
costs and about -25% are due to government
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incentives for the production and use of
biodiesel(B100). It is then understandable why our
computational results indicate that changes due to
raw material costs affect greatly the biodiesel
delivery cost.

Improvements in the technology of biomass
feedstock conversion to biodiesel(B100) have high
impact on the cost of biodiesel(B100). This is due
to the fact that less biomass will be required to
produce the same amount of biodiesel(B100). As a
result, less biomass will need to be harvested and
transported. This in turn will decrease the cost of
producing a ton of biodiesel(B100). The cost of
biodiesel(B100) is also affected by factors such as
the project life and Government incentives for
biodiesel(B100) production and use.

Future research may be carried out in several
directions. This study assumes that the production
of biodiesel(B100) feedstock uses only sunflower
and rapeseed. Future studies may consider other
energy source such as waste oils from food or
livestock. This paper suggests that the factories are
specialized to produce only biodiesel(B100), but in
fact arrivals intermediate is used for food purposes.
Further studies should consider such combined
plants. This paper suggests the use of local row
materials. Inclusion in the model and the
possibilities of imported raw materials wold enrich
the study and may lead to another configuration of
supply chain. To maximize net social benefits, the
impact of biofuel supply chain design on food and
fuel consumer surpluses could be considered as an
objective of biofuel supply design problem. How to
consider all these factors in the model will be a
challenging topic that is worth exploring in future
research. Finally, we have only considered one time
investment of building biofuel refineries and static
land use decision. A more realistic multi-year
biofuel refinery location problem with dynamic
land use choice may be worthy of investigation in
the future. In the following developments
approaches should be developed that account
changing requirements demand for biofuels over
time, leading to phased infrastructure development.

The experimental results indicate that the
running time of CPLEX for these problems is
relatively small. The minimum running time is 167
CPUs and the maximum 539 CPUs. Increasing the
problem size (which would be the case when one
uses this model to design and manage larger supply
chains considering larger number of biomass
feedstock options and larger number of biomass
supply sources, etc.) may result in longer running
times for CPLEX or failure of CPLEX to read the
problem created. Therefore, future work include
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design of various solution approaches that would 7. http://www.biofuels.apec.org/pdfs/ewg_2010_biofu

provide good quality solutions to these problems in el-production-cost.pdf _
a reasonable amount of time. 8. European Commission, Well-to-wheels analysis of
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OIITUMAJIHO ITPOEKTUPAHE U IINTAHUPAHE HA PECYPCHO OCUT'YPUTEJIHATA
BEPUT A 3A ITPOU3BOACTBO U JOCTABKM HA BUOJAN3EJI C OTYHUTAHE HA
CEUTBOOBPAIIEHUETO. HACT 2. OITPEJEJIAHE HA MECTOIIOJIOXKEHUETO HA
BMOPA®UMHEPUUNTE 3A TEPUTOPUATA HA BbJII'APUA

b.MBanos'™, B.[lumutposa’, JI.[lo0pymKkanues?
D Uucmumym no unoicenepna xumus, Bvneapcxa axademus na naykume, 1113 Cogus
AVuueepcumem “Ipogh. Acen 3namapos”, 8000 Bypeac
[ocreruna Ha 3 1oHM, 2013 T.; KOpUTHpaHa Ha sHYapH, 2014 T.
(Pesrome)

B rta3su yact Ha paboraTa ce JAEMOHCTpUpPA W3IMOJI3YBAHETO Ha MPEJIOKEHHUS B 4acT | MaTeMaTH4eH
MOJIeTl 3a TMPOEKTHUPaHE Ha PECypCHO OCUTYPUTEIHM BEPUTH 3a TMPOU3BOJCTBO U Pa3MpOCTpaHEHHE Ha
Omozam3eln 3a TepuTopuuTa Ha bhirapus. buocypoBuHHUTE 32 MPOU3BOJACTBO HAa OMOAM3EN ca CIBHUOTIIE] U
panuia. Teputopusta Ha beirapus e paszgeneHa Ha 27 00JacTH, ChOTBETCTBYBAIM Ha CHIIECTBYBAIOTO
TEPUTOPHATHO JelieHue. PeleHnero Ha mpoOiieMa 3a ONTUMAJIHO paslojaraHe Ha OuopaduHEpUUTE €
U3BBPIICHO C U3M0A3yBaHe Ha naketa GAMS 1 MaTeMaTUYHUS MOJIEN, IPEJIOKEH B 4acT 1.
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MHD flow of a dusty fluid between two infinite parallel plates with temperature
dependent physical properties under exponentially decaying pressure gradient
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In this study, the unsteady magnetohydrodynamic (MHD) flow and heat transfer of a dusty electrically conducting
fluid between two infinite horizontal plates with temperature dependent physical properties are investigated. The fluid
is acted upon by an exponentially decaying pressure gradient in the axial direction and an external uniform magnetic
field perpendicular to the plates. The governing coupled momentum and energy equations are solved numerically by
using the method of finite differences. The effects of the variable physical properties and the applied magnetic field on
the velocity and temperature fields for both the fluid and dust particles are studied.

Key words: Two-phase flow, heat transfer, parallel plates, variable properties, numerical solution.

INTRODUCTION

The flow and the heat transfer of dusty fluids in
a channel have been studied by many authors [1-7].
The study of this type of flow gets its importance
from its wide range of applications especially in the
fields of fluidization, combustion, use of dust in gas
cooling systems, centrifugal separation of matter
from fluid, petroleum industry, purification of
crude oil, electrostatic precipitation, polymer
technology, and fluid droplets sprays. The flow of
a dusty conducting fluid through a channel in the
presence of a transverse magnetic field has a
variety of applications in MHD generators, pumps,
accelerators, and flowmeters. In these devices, the
solid particles in form of ash or soot are suspended
in the conducting fluid as a result of the corrosion
and wear activities and/or the combustion processes
in MHD generators and plasma MHD accelerators.
The consequent effect of the presence of solid
particles on the performance of such devices has
led to studies of particulate suspensions in
conducting fluids in the presence of externally
applied magnetic field [8-13].

Most of the above mension studies are based on
constant physical properties. More accurate
prediction for the flow and heat transfer can be
achieved by taking into account the variation of

* To whom all correspondence should be sent:
E-mail: ah1113@yahoo.com

these properties with temperature [14]. Klemp et al.
[15] studied the effect of temperature dependent
viscosity on the entrance flow in a channel in the
hydrodynamic case. Attia and Kotb [16] studied
the steady MHD fully developed flow and heat
transfer between two parallel plates with
temperature dependent viscosity. Later Attia [17]
extended the problem to the transient state.

In the present work, the transient flow and heat
transfer of an electrically conducting, viscous,
incompressible dusty fluid with temperature-
dependent viscosity and thermal conductivity are
studied. The fluid is flowing between two
electrically insulating infinite plates maintained at
two constant but different temperatures. The fluid
is acted upon by an exponentially decaying pressure
gradient and an external uniform magnetic field
perpendicular to the plates. The magnetic Reynolds
number is assumed very small so that the induced
magnetic field is neglected. It is assumed that the
flow is laminar and the dust particles occupy a
constant finite volume fraction. This configuration
iSs a good approximation of some practical
situations such as heat exchangers, flow meters, and
pipes that connect system components. This
problem is chosen due to its occurrence in many
industrial engineering applications [18].

In general, there are two basic approaches for
modeling two-phase fluid-particle flows. They are
based on the Eulerian and the Lagrangian
descriptions known from fluid mechanics. The

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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former treats both the fluid and the particle phases
as interacting continua [19-21], while the latter
treats only the fluid phase as a continuum with the
particle phase being governed by the kinetic theory
[22]. The present work employs the continuum
approach and employs the dusty-fluid equations
discussed by Marble [19].

The flow and temperature distributions of both
the fluid and dust particles are governed by a

coupled set of the momentum and energy equations.

The Joule and viscous dissipations are taken into
consideration in the energy equation. The
governing coupled nonlinear partial differential
equations are solved numerically by using finite
differences. The effects of the external uniform
magnetic field and of the variable viscosity and
thermal conductivity on the time development of
the velocity and temperature distributions for both
the fluid and dust particles are discussed.

DESCRIPTION OF THE PROBLEM

In this paper, the dusty fluid is assumed to be
flowing between two infinite horizontal electrically
non-conducting stationary plates located at the
y=%h planes and kept at two constant temperatures
T, for the lower plate and T, for the upper plate
with T,>T1so natural convection is eliminated. The
dust particles are assumed to be spherical in shape
and uniformly distributed throughout the fluid. The
motion of the fluid is produced by an exponential

decaying pressure gradient dP/dx = -Ge ™ in the
x-direction, where G and « are constants. This is
an example of a time-dependent pressure gradient.
Other forms of time-dependent pressure gradients
may be considered in future work. A uniform
magnetic field B, is applied in the positive y-
direction. Geometry of the problem is illustrated in
Figure 1.

Uniform suction

y=h u=0 T T

P

qpper plate

»
»

Main flow

y=-h u=0 I I

Uniform injection

I Lov?er pIatIF

Fig. .1 The geometry of the problem

The fluid motion starts from rest at t=0, and the
no-slip condition at the plates implies that the fluid
and dust particles velocities vanish at y=+h. The
initial temperatures of the fluid and of dust particles
are assumed equal to Ti. The viscosity and the
thermal conductivity of the fluid are taken to be
temperature dependent. The viscosity is taken to
vary exponentially with temperature whereas a
linear dependence on temperature of the thermal
conductivity is assumed. Since the plates are
infinite in the x and z-directions, the physical
variables are invariant in these directions and the
problem is essentially one-dimensional with
velocities u(y,t) and uy(y,t) along the x-axis for fluid
and particle phase respectively.

To formulate the governing equations for this
investigation, the balance laws of mass and linear
momentum are considered along with information
about interfacial and external body forces and stress
tensors for both phases. The balance laws of mass
(for the fluid and particulate phases, respectively)
may be written as

09-V.(L-gN)=0, (19
0,9+ V.(V,) =0, (1b)
where t is time, ¢ is the particulate volume

fraction, V is the fluid-phase velocity vector, and

Vp is the particulate-phase velocity vector. The
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fluid is assumed incompressible and the densities
for both phases are assumed constant.

The balance laws of linear momentum (for
the fluid and particulate phases, respectively) may
be written as

pA-ON +VIW)=V.e-f+b, (2)
P.#@N, +V, WV )= T +b, (2b)
where p is the fIU|d—phase density, &

V.
f

is the

fluid-phase stress tensor, f is the interphase force
per unit volume associated with the relative motion
between the fluid and particle phases, b is the
fluid-phase body force per unit volume, and Bp is

the particle-phase body force per unit volume.
Along with Egs. (1) and (2), the following
constitutive equations are used

£=(1-@)(-Pl +u(VV +(VV)")), (a)
f =Np,g(V -V,), (3b)
(30)

b. =0, (3d)
where P is the fluid pressure, I is the unit
tensor, u is the fluid dynamic viscosity, Hp is the

particle-phase dynamic viscosity, N is the
momentum transfer coefficient [24], which for

6ur

spherical dust particles = , I is the average

radius of dust particles, m is the average mass of
3

dust particles, p, = is the material density

of dust particles, o is the electric conductivity of
the fluid and a transposed T denotes the transpose
of a second-rank tensor. In the present work it is
assumed that the suspension is dilute and thus no
particle-particle interaction exists [19]. In Eq. (3c)
it is assumed that the magnetic Reynolds number
Rem = ouloU,, which is the ratio of the induced
magnetic field to the applied external magnetic
field, is very small and hence the induced magnetic
field is neglected [23] and B, is the only magnetic
field in the problem. The quantities uLo.U, are
respectively the magnetic permeability of the fluid,
the characteristic length, which in this case = h, and

2554
o oy\ oy
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the characteristic velocity of the fluid. It should be
pointed out that in the present work the
hydrodynamic interactions between the phases are
limited to the drag force. This assumption is
feasible when the particle Reynolds number is
assumed to be small. Other interactions such as the
virtual mass force [25], the shear force associated
with the turbulent motion of dust particles [26], and
the spin-lift force [27] are assumed to be negligible
compared to the drag force [28]. To recapitulate, it
is assumed that the flow is laminar, the fluid is
incompressible, dust particles occupy a constant
finite volume fraction, induced magnetic field is
negligible, the virtual mass force, shear force, and
spin lift force on dust particles are negligible.

Substituting Egs. (3) into Egs. (1) and (2) yields,
after some arrangements

,D%U=Ge"‘t +%[ﬂ%J—OB§U—KN(U—Up),
4)
—>=N(u-u,), 5)

where k= p,@/(1—¢@). The first three terms

in the right-hand side of Eq. (4) are respectively the
pressure gradient, viscous forces, and Lorentz force
terms. The last term represents the force due to the
relative motion between fluid and dust particles.
The initial and boundary conditions on the velocity
fields are respectively given by

t=0:u:up:0. (6a)

For t>0, the no-slip condition at the plates
implies that

y:—h:u:up:O, (6b)

y:h:u:O,up:O. (6€)

Heat transfer takes place from the upper hot
plate to the lower cold plate by conduction through
the fluid, and there is heat generation due to both
the Joule and viscous dissipations. Dust particles
gain heat from the fluid by conduction through their
surface. To describe the temperature distributions
for both the fluid and dust particles, two energy
equations are required, which are [29, 30]

Pps

T

—(T,-T), @



oT
P T ©
ot T

where T is the temperature of the fluid, T is
the temperature of the particles, c is the specific
heat capacity of the fluid at constant volume, Cs is
the specific heat capacity of the particles, k is the
thermal conductivity of the fluid, yr is the

temperature relaxation time = 3PI’7/pC3 12¢c, yp

is the velocity relaxation time = 2ppr?/9y, Pr is the
Prandtl number=uoc/ko, 1o and ko are, respectively,
the viscosity and thermal conductivity of the fluid
at T.. The last three terms in the right-hand side
of Eq. (7) represent, respectively, the viscous
dissipation, the Joule dissipation, and the heat
conduction between the fluid and dust particles.
The initial and boundary conditions of the
temperature fields are

t<0:T=Tp =Ty, (9a)
t>0,y:—h:T:Tp =T (9b)
t>0,y=h:T=Tp =To. (9c)

The viscosity of the fluid is assumed to depend
on temperature and is defined as, u=uof1(T). For
practical reasons relevant to most fluids [15, 30,
31], the viscosity is assumed to vary exponentially
with temperature. The function fi(T) takes the
form [13,14], f,(T)=e "™, The parameter a
is positive values for liquids such as water,
benzene or crude oil. In some gases like air,
helium or methane a is negative, that is the
viscosity increases with temperature [9, 24, 30].

The thermal conductivity of the fluid is
assumed to vary with temperature as k=k,f>(T).
We assume linear dependence of the thermal
conductivity on temperature, that is, fo(T)=1+b(T-
T,), where the parameter b may be positive for
some fluids such as air or water vapor or negative
for others fluids such as liquid water or benzene
[30, 31].

The problem is given more generality if the

equations are written in the non-dimensional form.

To do this, define the following non-dimensional
guantities,

. Xy
X! =\ )
(X, 9) (h h)
.t
f= p‘;‘;,
- uph u,ph
(4, p):(ﬂ, p j
Ho  Hy
$_T-T - _Tp—T
T,-T P T,-Ty
+ Ghp
G= P
a=a(l,-T,) is the viscosity
parameter,
b=b(T,-T,) is the thermal
conductivity parameter,
fl(f):e_éT’

f,(T)=1+bT,

Ha? = oB2h? / u,, Ha is the Hartmann number,

R = xNh?/ 1, is the particle concentration
parameter,

G, = u, | Nph? is the particle mass parameter,

Pr = u,c/K, is the Prandtl number,

Ec = 1’ /pzhch (T, —T,) is the Eckert
number.

L, = ph*/ u,y is the temperature relaxation

time parameter.

In terms of the above non-dimensional
variables and parameters Eqgs. (4)-(9) take the
form (hats are dropped for convenience)

MU _ goat u MM o ru-
E_Ge +flU)ay2+ & Ha“u—-R(u-u,)
(10)
ou
_p:i(u_up)
ot G 1)
ts0:u=up=0. (12a)
t>0,y:—1:u:up:0, (12b)
t>0,y:1:u:1,up:0, (12c)
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or 1 o°T 1 of,(T)aT

a e O e oy oy
2R
TSAN, S O 13
3Pr(p ) (13)
ot
P — L (T, -T),
ot (14)
t<0:T =T, =0, (15a)
t>0,y:—1:T:Tp:0, (15h)
t>0,y=1:T:Tp =] (15¢)

Equations (10), (11), (13), and (14) represent a
system of coupled, nonlinear partial differential
equations which may be solved numerically under
the initial and boundary conditions (12) and (15)
using the finite difference approximations. The
Crank-Nicolson implicit method is used [32].
Finite difference equations relating the variables
are obtained by writing the equations at the mid
point of the computational cell and then replacing
the different terms by their second order central
difference approximations in the y-direction. The
diffusion term is replaced with the average of the
central differences at two successive time levels.
The nonlinear terms are first linearized and then
an iterative scheme is used at every time step to

solve the linearized system of difference equations.

The solution at a certain time step is chosen as an
initial guess for next time step and the iterations
are continued till convergence, within a prescribed
accuracy. Finally, the resulting block tri-diagonal
system is solved using the generalized Thomas-
algorithm  [32]. We define the variables
A=oul/oy and H=06/0y to reduce the

second order differential Eqgs. (10) and (13) to first
order differential equations, and an iterative
scheme is used at every time step to solve the
linearized system of difference equations. In the
numerical solution some parameters are not varied
and given the following fixed values: R=0.5,
G, =0.8, G=5, =1, Pr=1, Ec=0.2, and L.=0.7.
Step sizes A4¢=0.001 and 4y=0.01 for time and
space, respectively are chosen. Smaller step sizes
do not show any significant change in the results.
The iterative scheme continues until the fractional
difference between two successive iterations
becomes less than a specified small value.
Convergence of the scheme is assumed when all
of the unknowns u, A, T and H for the last two
approximations differ from unity by less than 10°
for all values of y in —1<y<1 at every time step.
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The required accuracy is usually reached after
about 7 iterations. It should be mentioned that the
results obtained herein reduce to those reported by
Singh [8] and Aboul-Hassan et al. [12] for the
case of fluid with constant properties. These
comparisons lend confidence in the accuracy and
correctness of the solutions presented.

A linearization technique is first applied to
replace the nonlinear terms at a linear stage, with
the corrections incorporated in subsequent
iterative steps until convergence is reached. Then
the Crank-Nicolson implicit method is used at two
successive time levels [26]. An iterative scheme
is used to solve the linearized system of difference
equations. The solution at a certain time step is
chosen as an initial guess for next time step and
the iterations are continued till convergence,
within a prescribed accuracy.  Finally, the
resulting block tri-diagonal system is solved using
the generalized Thomas-algorithm [26]. Finite
difference equations relating the variables are
obtained by writing the equations at the mid point
of the computational cell and then replacing the
different terms by their second order central
difference approximations in the y-direction. The
diffusion terms are replaced by the average of the
central differences at two successive time-levels.
The computational domain is divided into meshes
each of dimension At and Ay in time and space,
respectively. We define the variables
A=ou/oy , B=ow/oy and H=068/0y to
reduce the second order differential Egs. (9), (10)
and (12) to first order differential equations, and
an iterative scheme is used at every time step to
solve the linearized system of difference equations.
All calculations are carried out for the non-
dimensional variables and parameters given by,
G=5, Pr=1, and Ec=0.2 where G is related to the
externally applied pressure gradient and where the
chosen given values for Pr and Ec are suitable for
steam or water vapor. Grid-independence studies
show that the computational domain 0<t<oo and —
1<y<1 is divided into intervals with step sizes
At=0.0001 and Ay=0.005 for time and space
respectively. Smaller step sizes do not show any
significant change in the results. Convergence of
the scheme is assumed when all of the unknowns
u w, A B, & and H for the last two
approximations differ from unity by less than 10
for all values of y in —1<y<1 at every time step.
Less than 7 approximations are required to satisfy
this convergence criteria for all ranges of the
parameters studied here.
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RESULTS AND DISCUSSIONS

Figures 2a, 2b, 3a, and 3b show the effect of
the viscosity parameter a on the time development
of the velocities u and up, and the temperatures T
and T, respectively, at the center of the channel
(y=0) for Ha = 0 and b = 0. Figures la and 1b
indicate that increasing a increases u and u, and
increases the time required to approach the steady
state. This is a result of decreasing the viscous
forces. The effect of the parameter a on the
steady state time is more pronounced for positive
values of a than for

15
1 -
. ‘A\A\A\A\A\AM
> ey
0 v T T T 1
0 1 2 3 4
t
——a=-0.5 8—a=0 —a—a=0.5
(@)
1
0.8 +
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0.4 Ws
0.2 f
0 v T T T
0 1 2 3 4

|—0—az-0.5 —8— a=0 ——a=0.5

(b)
Fig. 2. Effect of the viscosity parameter a on the time
variation of: (a) the fluid velocity u at the center of the
channel (y=0); (b) the particle phase velocity up at the
center of the channel (y=0). (Ha=0)

Figures 4a, 4b, 5a, and 5b present the effect of the
viscosity parameter a on the time development of
U, Up, T and Ty, respectively, at the centre of the
channel (y=0) for Ha=1 and b=0. The introduction
of the uniform magnetic field adds one resistive
term to the momentum equation and the Joule
dissipation term to the energy equation. As shown
in Figures 4a, and 4b the magnetic field results in

0.5
0.3
"~ 0.2 '/J
0.1 '/
0 o T T T
0 1 2 3 4

—e—a=-0.5 8—a=0 —a—a=0.5 |

(@)
0.5 l
= 0.2 ”Mﬂ
0.1 o
0 'IM . . .
0 1 2 3 4

| —o—a=-0.5 —8—a=0 ——a=0.5

(b)
Fig. 3. Effect of the viscosity parameter a on the time
variation of:(a) the fluid temperature T at the center of
the channel (y=0); (b) the particle phase temperature T,
at the center of the channel (y=0). (Ha=0).

a reduction in the velocities u and u, and their
steady state times for all values of a due to its
damping effect. Figures 5a, and 5b confirm that
the parameter a has a negligible effect on
temperature and the viscous dissipation is
negligible. Comparing with Figures 3 and 5, it is
observed that the temperature are slightly higher
in the presence of the magnetic field (Ha = 1).
This means that the Joule dissipation is small but
now negligible. negative values. Notice that u
reaches the steady state faster than up, which is
expected because the fluid velocity is the source
for the dust particles velocity. Figures 3a and 3b
show that the viscosity parameter a has a
negligible effect on temperature. This means that
the viscous dissipation is negligible. Of course
there is no Joule dissipation when Ha = 0. The
time at which T, reaches the steady state is longer
than that for T since T, always follows T.
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Fig. 4. Effect of the viscosity parameter a on the time
variation of: (a) the fluid velocity u at the center of the
channel (y=0); (b) the particle phase velocity u, at the
center of the channel (y=0). (Ha=1).
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Fig. 5. Effect of the viscosity parameter a on the time
variation of: (a) the fluid temperature T at the center of
the channel (y=0); (b) the particle phase temperature
Tp at the center of the channel (y=0). (Ha=1)
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Fig. 6. Effect of the thermal conductivity parameter b
on the time variation of: (a) the fluid temperature T at
the center of the channel (y=0); (b) the particle phase
temperature T, at the center of the channel (y=0).
(Ha=0)

Figures 6a, and 6b show the effect of the
thermal conductivity parameter b on the time
development of the temperatures T and Ty,
respectively, at the center of the channel (y=0) for
Ha=0 and a=0. The figures show that increasing
b increases T and T, as a result of increasing the
thermal conductivity. In Figure 6a it is interesting
that the steady state value of the fluid temperature
at the center of the channel exceeds 0.5 for
positive values of b although the Joule and
viscous dissipations are absent. The reason is that
the thermal conductivity in the upper half of the
channel is more that in the lower half if b is
positive.

Figures 7a, and 7b present the effect of the
thermal conductivity parameter b on the time
development of the temperatures T and T,
respectively, at the center of the channel (y=0) for
Ha=1 and a=0. The introduction of the magnetic
field increases both T and T, for all values of b
due to the increase in the dissipation.
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Fig. 7. Effect of the thermal conductivity parameter b
on the time variation of: (a) the fluid temperature T at
the center of the channel (y=0); (b) the particle phase
temperature T, at the center of the channel (y=0).
(Ha=1)

Figures 8a, 8b, 9a, and 9b present the effect of
the viscosity parameter a on the profiles of the
velocities u and up, and the temperatures T and T,
for Ha=1 and b=0 at t=6.

Increasing a increases the velocity and
displaces the peak of the velocity profile towards
the upper plate where the viscosity is less. This
effect is akin to the displacement of the peak of
the velocity distribution where there is suction at
one plate and injection at the other plate. Positive
values of a correspond to a suction velocity from
the cold plate to the hot plate, while negative
values of a correspond to a suction velocity from
the hot plate to the cold plate. Figures 9a, and 9b
show that increasing a increases the temperatures
T and T, for all values of y. It is clear from
Figures 8, and 9 that the effect of the parameter a
on the velocities is more pronounced than on the
temperatures.

Figures 10a, and 10b present the effect of the
thermal conductivity parameter b on the
temperature profiles at t=0, for Ha=1 and a=0.
The figures indicate that increasing b increases T
and T, for all values of y. This because increasing
b means that the thermal conductivity near the hot
plate gets more than near the cold plat.
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Fig. 8. Effect of the viscosity parameter a on the
profile of: (a) the fluid velocity u at t = 6; (b) the
particle phase velocity u, att = 6. (Ha=1)
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Fig. 9. Effect of the viscosity parameter a on the
profile of: (a) the fluid temperature T at t = 6; (b) the
particle phase temperature Tpatt =6 . (Ha=1)
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Fig. 10. Effect of the thermal conductivity parameter b
on the profile of: (a) the fluid temperature T att = 6;
(b) the particle phase temperature Tpatt =6 . (Ha=1).

Table 1. Variation of u at y=0 for various values of a
and b at t=6 (Ha=1)

u a=-05 a=-01 a=0.0 a=0.1 a=0.5
b=-0.5 0.0882 0.0862 0.0857 0.0854 0.0842
b=-0.1 0.1096 0.1091 0.1089 0.1089 0.1086
b=0.0 0.1154 0.1154 0.1154 0.1154 0.1154
b=0.1 0.1214 0.1219 0.1220 0.1221 0.1225
b=0.5 0.1473 0.1502 0.1508 0.1513 0.1532

Table 2. Variation of up at y=0 for various values of a
and b at t=6 (Ha=1)

up a=-05 a=-0.1 a=0.0 a=0.1 a=05
b=-05 0.1716 0.1683 0.1676 0.1669 0.1651
b=-0.1 0.2029 0.2022 0.2020 0.2019 0.2014
b=0.0 0.2112 0.2112 0.2112 0.2112 0.2112
b=0.1 0.2197 0.2204 0.2206 0.2207 0.2212
b=0.5 0.2549 0.2588 0.2597 0.2604 0.2629

Table 3. Variation of T at y=0 for various values of a
and b at t=6 (Ha=1)

T a=-05 a=-0.1 a=0.0 a=0.1 a=0.5
b=-0.5 0.3782 0.4440 0.4587 0.4723 0.5149
b=-0.1 0.3799 0.4455 0.4601 0.4736 0.5159
b=0.0 0.3803 0.4459 0.4605 0.4739 0.5163
b=0.1 0.3807 0.4463 0.4609 0.4743 0.5166
b=0.5 0.3829 0.4482 0.4627 0.4761 0.5181

Table 4. Variation of Tp at y=0 for various values of a
and b at t=6 (Ha=1).

Tp a=-05 a=-01 a=0.0 a=0.1 a=05
b=-0.5 0.3271 0.3962 0.3998 0.4125 0.4536
b=-0.1 0.3296 0.3886 0.4021 0.4148 0.4557
b=0.0 0.3303 0.3892 0.4028 0.4154 0.4563
b=0.1 0.3309 0.3899 0.4034 0.4160 0.4568
b=0.5 0.3340 0.3929 0.4063 0.4183 0.4593
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Tables 1-4 present the variation of u, up, T, and
Tp, respectively, at the center of the channel (y=0)
at t=6 for various values of a and b and for Ha=1.
It is clear that increasing a increases the
temperatures for both the fluid and dust particle
for all values of b. However, its effect on the
velocities depends on the value of b. For negative
b, increasing a decreases u and up but for positive
b, increasing a increases them. Increasing the
parameter b increases the velocities u and u, and
the temperatures T and T, for all values of a.

CONCLUSIONS

In this paper the transient MHD flow and heat
transfer of a dusty and electrically conducting
fluid are studied in the presence of an external
uniform magnetic field taking into consideration
the variations of the viscosity and thermal
conductivity of the fluid with temperature. The
variation of the viscosity of the fluid with
temperature has an apparent effect on the velocity
of both the fluid and dust particles. The peak of
the velocity distribution displaces from the center
of the channel towards reasons of less viscosity.
Changing the viscosity has a negligible effect on
temperatures and it is inferred that the viscous
dissipation is negligible. Variation of the thermal
conductivity of the fluid with temperature has a
pronounced effect on temperature distributions.
Temperatures shift towards the temperature of the
plate near which the thermal conductivity is
higher. Increasing the magnetic field decreases the
velocity for both phases at all positions and times.
It also produces a small increase in temperature
and it is inferred that the Joule dissipation is small
but not negligible.
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BE3KPAMHU YCIIOPEIHU INIOCKOCTU C TEMIIEPATYPHO 3ABUCUMU OU3NYHU
CBOUCTBA ITPU EKCITOHEHIIMAJIHO 3ATUXBALL I'PAJJUEHT HA HAJIAATAHETO
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(Pesrome)

B Tasu pabora e W3CIeIBaHO HECTAIIMOHAPHOTO MarHuToxuapoanHamuuuo tedeHne (MHD) u TommooOmena B
3ampalleH eJeKTPONpoBOIAI (BIyH] MEXAy ABe Oe3KpailHW yCIOpeIHH IIOCKOCTH IMPHU TEeMIIEpaTypHO 3aBUCHMH
q)I/I3I/I‘IHI/I CBOMCTBA. q)J'[yI/I}l'bT CC HaMupa mona }IeﬁCTBI/IeTO CKCIIOHCHIIMATHO 3aTUXBall I'PaJJUCHT Ha HAJIATAHETO I10
OoCTa Ha TCUYCHHUETO MU IPU XOMOTCHHO BBHIIHO MArHvTHO IIOJIC MEPHECHAUKYIAPHO Ha IIJIOCKOCTHUTE. CHpeFHaTI/ITe
YpaBHEHHsSI Ha IBIDKEHHETO W HA TOIUIONPOBOJHOCTTA Ca PEMICHW YHWCIIEHO II0 METOJa Ha KpailHWTE pa3NuKH.
W3cnenBaH e u eekTa Ha MPOMEHIMBUTE (GU3UYHM TIApAMETPH U Ha MPUII0KEHOTO MarHUTHO TOJIE BBPXY CKOPOCTTa Ha
TEUEHHETO M TEMIIEPaTypHOTO IoJIe 3a (IIyna U 3a MPaXOBUTE YACTHIIH.
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The physico-chemical properties of trichilia emetica seeds have been studied for their domestic and commercial
applications. The color of the oil was yellow and it was solid at room temperature. The seeds have been found to have
good oil yield of 65.81% which is comparable to the oil yield of some selected commercial seed oils such as cottonseed,
safflower, soybean and olive oil. lodine value (60.15mgl»/100g), peroxide value (0.56mgQ2/g), saponification value
(180.09mgKOH/g), acid value (8.13mgKOH/g), kinematic viscosity (49.85mm?/s), refractive index (1.47) and
unsaponifiable matter (1.79) of the oil were determined by A.O.A.C. High saponification value guarantees the use of
the oils in cosmetics and soap making industry. The acid value of the trichilia emetica seeds is higher than the
maximum permissible acid level of 4mgKOH/g fat or oil required for edible virgin fats and oils and therefore it is
necessary to purify the oil to make suitable for consumption. However the oil recorded low iodine values suggesting
trichilia emetica seeds oil is highly saturated and may not be susceptible to rancidity. This study shows that, trichilia

emetica seeds oil is a good source of edible oil for the local community after purification.

Keywords: Trichilia emetica seeds oil, physico-chemical properties,

INTRODUCTION

Woodland mahogany (Trichilia emetica) is a
large, much branched evergreen reaching 8-25m
high with a dense rounded crown. This species is in
great demand in rural areas of Africa because it
provides edible oil, medicine, timber, fuel wood
and is used in agro forestry systems. Bark grey-
brown or red-brown with fine, shallow striations
and smallish scales. Branches erect or partly
spreading, producing a pyramid-shaped crown
when young, oval to rounded and dense when
mature with a diameter sometimes exceeding 15m.
Leaves up to 50cm long, unevenly compound with
3-5 pairs of leaflets plus a terminal one, dark green
and glossy above, covered with short brownish
hairs below, margins entire, veins prominent on
lower surface. The flowers form pear-shaped red-
brown fruit capsules which dry and split into three
segments revealing a bunch of vivid red seeds. In
other words; fruit rounded, furry, red-brown
capsules to 3cm across, split into 3 or 4 parts to
reveal 3-6 shiny black seeds 14-18 mm in length,
each with a fleshy scarlet or orange-red aril almost
covering the seed. A clear neck to 1cm long
connects the capsule to the fruit stalk. The trees are
commonly found in Uganda, Ethiopia, Kenya and
Tanzania, south to Mozambique. It prefers well-

* To whom all correspondence should be sent:
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drained, rich soils and high ground water [1].

Fats and oils are an important food source for
man, and are supplying essential fatty acids such as
linoleic and arachidonic acids. Fats and oils are also
used for producing drug dispersants in therapeutics
[2]. Oils from seeds are both edible and non-edible
depending on the type. These oils are often
available as raw materials for chemical and
industrial applications. Because of the high demand
and economic importance of these oil seeds to the
chemical industry, attention have therefore been
focused on underutilized Trichilia emetica seeds for
possible development and use.

The objective of this study was therefore to
extract oil from Trichilia emetica seeds, assess the
physical and chemical characteristics and suggest
possible uses for the oil as a prelude to an
investigation into the scientific basis for its use for
edible purposes. Comparisons between Trichilia
emetica seeds oil and other oils from other plant
sources are also made.

EXPERIMENTAL
Collection of seeds and identification

Trichilia emetica seeds were purchased from
local market Tepi, South-west of Ethiopia. The
plant was identified and authenticated by Ethiopian
institute of agricultural research Tepi national spice
research center, Tepi, Ethiopia. Seeds were
obtained by removing/ breaking/ external cover
manually (Fig. 1 &2). These seeds samples were
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cleaned with water to remove the impurities and
stored in chemistry laboratory for further analysis.

= 7

Fig. 2. Trichilia emetica seed after removed the
external cover, cleaned with water & dried

Extraction of seed oil

A known weight of the seeds was grounded into
powder using an electrical coffee mille grinder
machine (Nima, Japan) to increase surface area for
oil extraction processes.  Thereafter oil was
extracted from this trichilia emetica seeds powder
with n-hexane using a soxhlet extractor. The
solvent (hexane) and oil are separated using
distillation at a temperature of slightly higher than
the boiling temperature of hexane, which is
recovered again for further extraction with fresh
hexane (Fig.3). The oil was stored in the chemistry
laboratory room for physico- chemical properties
analysis.

Determination of the Physicochemical
Properties of the Oil

Standard methods were used to determine the
physical and chemical properties of the oil, which
includes the kinematic viscosity, peroxide value,
iodine value, acid value, insoluble impurity,
saponification value, un saponification value,
refractive index and moisture content [13]. All tests
were performed in triplicate and average
experimental results evaluated.

Hexane recycled hexane

N/

seed crushin,

oil
Extraction

Distillation

1 /

oil
Separtion

Solid
cake

Figure 3 Oil extraction flow chart using hexane
solvent

RESULTS AND DISCUSSION

Table 1 present the physicochemical properties
of trichilia emetica seeds oil. The oil extracted from
Trichilia emetica seeds has yellow color; solid at
room temperature and agreeable odor. The oil
content of Trichilia emetica seed in the present
study was found to be ( 65.81%) which exceed
that of some common edible oils such as cottonseed
(22-24%), safflower (30-35%), soybean (18- 22%),
rapeseed (40-48%), and olive (12- 50%) and
unconventional oilseeds such as canarium
schwenfurthii ~ fruits (36.1%) and Balanites
aegyptiaca almonds (48.3%) [4]. Therefore, the
trichilia emetica seed can be considered as a
potential source of vegetable oil for domestic and
industrial purposes. Moisture content is another
important quality characteristic for oils and fats. It
is desirable to keep the moisture content low as it
will increase the shelf life by preventing oxidation
and rancidity processes. The moisture content of
the oil is very low (4.81) compared with soybean
seed oil (8.1), cotton seed oil (9.9), mustard seed oil
(8.5) and linseed oil (6.5) and results shows that can
be stored for a long time. Trichilia emetica seed oil
has low iodin value (60.15) as compared with some
conventional edible oils such as mustard seed oil
(108), sunflower seed oil (128), linseed oil (174)
and almond seed oil (96). But the IV of the present
study was higher than some conventional edible oil
like soybean seed oil (1.08), coconut oil (8.4), and
cashew seed oil 41.3 [5]. The iodine value obtained
is less than <100 suggesting the absence of
unsaturated fatty acids and this places the oil in the
non-drying groups.
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Table 1. Physicochemical characteristics of the
Trichilia emetica seed oil

Parameter Value
Kinematic viscosity (mm?/s) 49.854
Moisture & Volatile Matter (%) 4.81
Insoluble Impurity (%0) 0.14
Peroxide Value 0.56
Acid Value( mgKOH/g) 8.13
lodine Value ( mgKOH/qg) 60.15
Saponification Value (mgKOH/g) 180.09
Unsaponifiable Matter 1.79
Refractive Index 1.47
State at room temperature Solid
Color Yellow

The saponification value (180.09) obtained for
Trichilia emetica seed oil is slightly lower than
those of the common oils such as soybean (189-
195), Peanut (187 - 196) and cotton seed oil (189-
198) [6]. But the SV of Trichilia emetica seed oil is
higher than Mustard Seed Oil (174), Persea
gratesima seed oil (106), Telferia occidentalis seed
oil (158). The relatively high saponification value
recorded for Trichilia emetica the seed oils is
indicative that they have potential for use in the
industry. The peroxide values (PV) of the present
studied oil is low (0.56) compared to the maximum
acceptable value 10meq KOH/g set by the Codex
Alimentarius Commission for groundnut seed . The
low values of PV are indicative of low levels of
oxidative rancidity of the oils and also suggest
strong presence or high levels of antioxidant. The
oil is thus stable and would not easily go rancid.
Refractive index is used by most processors to
measure the change in unsaturation as the fat or oil
is hydrogenated.

The refractive index of oils depends on their
molecular weight, fatty acid chain length, degree of
unsaturation, and degree of conjugation [7]. The
Trichilia emetica seed oil showed a refractive index
of 1.47, which was similar to Linseed Qil (1.4736),
Sunflower Seed Oil (1.4672) and Soybean Seed Oil
(1.4658) seed oils. Pure oils have marked ranges of
refractive index and density; thus, the degree of
variation of typical oil from its true values may
indicate its relative purity.

Acid value is an important index of
physicochemical property of oil which is used to
indicate the quality, age, edibility and suitability of
oil for use in industries such as paint. The higher
acid value of the Trichilia emetica seed oil when
compared with that of soybean oil suggests that the
Trichilia emetica seed oil is more susceptible to
lipase action. This value (8.13KOH mg/g) for the
Trichilia emetica seed oil is higher than the 0.6
mg/g proposed for edible vegetable oil [8]. The
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higher acid value of Trichilia emetica seed oil is
due to the presence of free fatty acid in the oil. The
seed oil requires refining to minimize their acidity
before to envisage eventual food use.

The unsaponifiable matter obtained in this study
was 1.47% however higher than those of other oils
such cannarium schweinfuhil Engl (1.3%), sesame
(1.2%), white melon (1.1%), corn oil (0.92%), palm
kernel oil (0.22%), coco kernel oil (0.09%), rubber
seed oil (0.7%) and castor seed oil (0.5%) [9].

CONCLUSIONS

The seed of trichilia emetica contains high level
of oil, with a value of 65.81% (w/w). The value
compares well with oil content of seed oils such as
cottonseed, safflower, soybean and olive oil. The
physico-chemical properties of trichilia emetica
seeds oil viz., iodine value, peroxide value,
saponification value, acid value, kinematic
viscosity, refractive index, unsaponifiable matter
have been studied for their domestic and
commercial applications. The color of the oil was
yellow and it was solid at room temperature. High
saponification value (180.09mgKOH/KQ)
guarantees for a variety of industrial applications
such as cosmetics and soap making. The acid value
of the trichilia emetica seeds is higher than the
maximum permissible acid level of 4 mg KOH/g
fat or oil required for edible virgin fats and oils and
therefore it is necessary to purify the oil to make
suitable for consumption. However the oil recorded
low iodine values suggesting trichilia emetica seeds
oil is highly saturated and may not be susceptible to
rancidity. This study shows that, trichilia emetica
seeds oil is a good source of edible oil for the local
community after purification.

REFERENCES

1. E. Palmer, N. Pitman, Trees of Southern Africa.
Capetown. A A. Balkemen, 1972, p.235

2.M.D. Rauken, R.C. Kill, Fats and Fatty Foods. In
Rauken, M.D. and Kill, R. C (Eds.). Food Industry
Manual, London: Longmans, 1993, p. 288-327.

3.AOAC. Official Methods of Analysis of the
Association of Official Analytical Chemists 15 ed,
Association of Official Analytical Chemists
Washington DC, 1990.

4.J.M. Nzikou, M. Mvoula-Tsieri, E. Matouba, J.M.
Ouamba, C. Kapseu, M. Parmentier, S. Desobry.,
Afr. J. Biotechn., 5, 2469 (2006).

5.T.F. Akinhanmi, V.N. Atasie, P.O. Akintokun, J.
Agric. Food Environ., 2, 1 (2008).

6.Codex Alimentairus Commission. Graisses huiles
vegetables, Division 11, version abregee FAO/WHO
Codex Stan 20 -1981, 23 (1993).



B. Adinew: Physico-chemical properties of Trichilia emetica seeds oil and its comparison with some selected oilseed oils

7.A.B. Roger, R.A. Rebecca, A. Georges, 1.0. Mathias, 9.J. E. Asuquo, PhD Thesis, University of Port Harcourt.
Eur. J. Sci. Res., 391, 514 (2010). Nigeria, 2008.

8.EU. Usoro, E. Suyamsothy, G. A. Sani, Manual of
chemical methods of food analysis. Bencox
International Ltd. Lagos, Nigeria. 1982.

®U3UKO-XUMHNYHU CBOMCTBA HA MACJIOJAMHU CEMEHA OT TRICHILIA
EMETICA U CPABHSIBAHE C HSIKOU U3BPAHU PACTUTEJIHU MACJIA

b. Anunro
Kameopa no xumus, Yuueepcumem Muszan-Tenu, Tenu, Emuonua
Ioctenuna Ha 4 anpui, 2013 r.; kopurupana Ha 9 asryct, 2013 r.
(Pestome)

Ddu3nMKO-XUMUYHHUTE CBOMCTBA Ha cemeHa om trichilia emetica ca uscnensanu 3a TexHHWTe OMTOBH M THPTOBCKH
TPUIOKEHUS. MacioTo € ¢ KBIT [BAT U € TBHPO BEIIECCTBO MpPH cTaiiHa Temmeparypa. CemeHaTa umar 100bp H00HB
Ha Macio ot 65,81%, KoiTO € cpaBHUM C J100MBa Ha Macjo Ha HAKOM M30paHH THPrOBCKH PACTHTEIHHU Macia KaTo
naMmydHo, madpan, cos u 3extuH. Cronoctra mo iox (60.15mgl2/100g), croiinoctra mo mepokcua (0.56mgO-/g),
croitHoct Ha ocamynsBaHe (180.09mgKOH/Q), kucenunnara croiinoct (8.13mgKOH/Q), kuHEeMaTHYHIS BUCKO3UTET
(49.85 mm?/s), unnexca Ha npeuynsase (1.47) u HeocanyHsemara matepus (1.79) Ha Mac10To 65Xa OHpeeneieHy 10
AOAC Bucokara CTOHHOCT Ha OCalyHsBaHE TrapaHTHpa HM3MOJ3BAHETO HA Macjara B KO3METHKAaTa U CallyHeHaTa
uHaycTpusita. KucenmuHHata cToifHOCTTa Ha emetica cemeHa trichilia e mo-BHCOKa OT MaKCHMAIHO JOMyCTHMATa
croitnoct ot 4mgKOH/g Ma3uuHM UK MaciIo, HE0OXOMMO 3a SIUTHBH MPSICHO MPECOBAHU Ma3HUHH U Macja U HOopaau
TOBa € HEOOXOAMMO MAacJOTO Jia Ce NPEYUCTH 3a Ja Ce HalpaBH IMOIXOIINO 3a KOHCymanus. Bbwrpeku ToBa
PETHCTPUPAHUTE 3aMMUCBa HUCKU CTOHHOCTH 110 HOJI, MPEAIOarar, 4ye ¢ CHIIHO HACHTEHO U He MOXe Jia Ob/ie MOaTIIHBO
Ha rpanscBane. ToBa TpoydyBaHe MOKa3Ba, 4e Macioro oT cemeHa Ha trichilia emetica e noOGsp HM3TOYHMK Ha
XpaHUTEJHU Maclia 33 MeCTHaTa OOIIHOCT ClIe/l IPEeYUCTBaHE.
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The main purpose of this research work was production of biodiesel from trichilia emetic seeds by in-situ
transesterification. The process was studied at reaction temperature 80°C and reaction time 100min. The physico-
chemical parameters of the biodiesel were checked by ASTM D 6751 standards. In this study, copper strip corrosion,
kinematic viscosity, cloud point, ash content have 1a, 5.44mm?/s, 18°C and 0.062% respectively. These values satisfy
the quality criteria of biodiesel set by ASTM D6751. However, the flash point and the acid values of biodiesel don’t
meet the quality criteria set by ASTM D6751, due to the presence of unreacted (residual) alcohol and residual mineral
acids from the production process respectively. In other words, 60% the physico-chemical properties of the biodiesel
satisfies the quality criteria set by ASTM D6751 and pretreatment of the seeds is necessary to increases the quality of

biodiesel.

Keywords: Biodiesel, in-situ transesterification, trichilia emetica seeds, physico-chemical parameters

INTRODUCTION

Biodiesel obtained from vegetable oil can be
used as conventional diesel in diesel engines,
because its properties are very close to petroleum
diesel. For example, biodiesel has the proper
viscosity; high flash point; high cetane number and
no engine modification are required when using
biodiesel [1]. Several biodiesel production methods
have been developed, among which in-situ
transesterification in the preference of alkali
catalyst gives high level of conversion of
triglycerides to their corresponding methyl ester in
short reaction time. The process of in-situ
transesterification is affected by the reaction
condition: molar ratio of alcohol to oil; type of
alcohol; type and amount of catalysts; reaction
temperature and pressure; reaction time and
contents of free fatty acids; particle size and water
in oils or fats [2]. In-situ transesterification is the
direct transesterification of ground oil bearing
materials instead of purified oils with alcohol and
catalyst, to produce alkyl fatty acid esters. The
efficiency or yield of in-situ transesterification is
defined as the percentage of biodiesel-rich phase
over oil content in raw material which is
determined by hexane soxhlet extraction.

Biodiesel has a higher cetane number than
petroleum diesel fuel, no aromatics, and contains
10-11 % oxygen by weight. These characteristics of
biodiesel reduce the emissions of carbon monoxide,
hydrocarbons, and particulate matter in the exhaust

* To whom all correspondence should be sent:
E-mail: buzeadinew@gmail.com
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gas compared with diesel fuel. However, NOx
emissions of biodiesel increase, because of
combustion and some fuel characteristics’ [3].
Biodiesel has been mainly produced from edible
vegetables oils all over the world. More than 95%
of global biodiesel production is made from edible
vegetable oils. The largest biodiesel producers were
the European Union, the United States, Brazil,
Indonesia, with a combined use of edible oil for
biodiesel production of about 8.6 million tons in
2007 compared to global edible oil production of
132 million tons [4]. Rapeseed and sunflower oils
are used in EU, palm oil predominates in biodiesel
production in tropical countries, and soybean oil is
the major feedstock in the United States [5].

The preparation of biodiesel from various
vegetable oils based on alkaline transesterification
of triglycerides with polyhydric alcohol has been
studied for several decades, and a major amount of
industrial production has been achieved with this
method [6]. However, the transformation of
jatropha seed in oil industry requires extra steps
during the extraction and refining processes. As the
cost of the vegetable oil production contributes to
approximately 70% of the biodiesel production cost
[7], there is a need for the development of a new
biodiesel production process that is simple,
compact, efficient, low-cost, and that consumes less
energy. On the other hand, the preparation of
biodiesel based on in situ transesterification has
been successfully carried out from various oilseeds
[8]. In situ transesterification is a biodiesel
production method that wuses the original
agricultural products as the source of triglycerides
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instead of purified oil for direct transesterification,
and it works virtually with any lipid-bearing
material. It can reduce the long production system
associated with pre-extracted oil, and it maximizes
ester yield. The objective of this study was to
investigate the in situ transesterification allowing
producing directly biodiesel from trichilia emetica
seed and evaluate the properties of biodiesel by
ASTM D6751.

Experimental Materials

The major feedstock used in this work was
Trichilia emetica seeds, locally available in

Ethiopia. It was purchased at the local market in
Tepi, South-west of Ethiopia and cleaned with tap
water to remove impurities (Fig. 1 & 2).

Fig. 1. Trichilia seed before removing the husk
(Directly collected from local market)

Fig. 2. Trichilia seed after removed the external
cover, cleaned with water & dried

By the stoichiometric equation of the process, 1
mol of Trichilia emetica seeds is required to react
with 3 moles of butanol to produce 3 moles of the
biodiesel and 1 mole of glycerol. 100g Trichilia
emetica seeds were wused for the in-situ
transesterification process. Reaction temperature
for the process must be below the boiling point of
alcohol used. The butanol used, manufactured by
Aldrich Chemicals Co. Ltd, England has a boiling

point of 117°C; therefore, a reaction temperature of
80°C was selected. Different researchers have
reported different reaction times for in-situ
transesterification process as well as the entire
biodiesel production process. The reported reaction
time ranges from less than 30 minutes to more than
2 hours. Reaction time of 100 minutes was
therefore selected. KOH used was manufactured by
Aldrich Chemicals Co. Ltd, England.

Experimental Procedures

Potassium Butoxide Production

1000.0g of butanol was measured and poured
into a plastic container a funnel and the lid of the
butanol container was tightly replaced. 4.0g of
KOH was carefully added to the plastic container
via a second funnel. The bung and the screw on the
cap were replaced tightly. The container was shake
a few (about ten) times by swirling round
thoroughly for about 2 minutes until the KOH
completely dissolved in the butanol, forming
potassium butoxide ( Fig. 3).

powdered seed
Buthanol
\

Separtion ( decantetion followed by filtration)

ther liquid ( Solid cake )

Two phase

0e

Crude biodiesel Glycerol
( By- product)

'
Washing & drying

B\yodlesel ( final product)

Fig. 3. Flow chart of biodiesel production and
purification processes.

In-situ transesterification reaction

100.0g of Trichilia emetica seeds powder was
measured out in a beaker, pre-heated to the required
temperature (80°C) and poured into the blender.
With the blender still switched off, the prepared
potassium butoxide from the plastic container was
carefully poured into the Trichilia emetica seeds.
The mixture was left to blend for the 100minutes at
moderate speed before the blender was switched
off. Detail information of in-situ transesterification
reaction was presented in Fig. 3.

335



B. Adinew, Biodiesel production from Trichilia emetica seeds using in-situ transesterification

Settling

The mixture was poured from the blender into a
250ml separator funnel for settling and the lid was
screwed on tightly. The reaction mixture was
allowed to stand overnight while phase separation
occurred by gravity settling into biodiesel on the
top and glycerol at the bottom of the bottle (Fig.4).
The next day, the Trichilia emetica seeds
biodiesel/ester at the top was carefully decanted
into a volumetric flask leaving the glycerol at the
base.

BIODIESE

Fig. 4. Phase separation stage (biodiesel from glycerol)

Washing and purification

When biodiesel was first made it was quite
caustic with a pH of between 8.0 and 9.0.Washing
with water neutralized the product. Traces of
butanol along with the catalyst were washed with
hot water (45°C) and 0.1% phosphoric acid
solution. Since biodiesel has a lower specific
gravity than water, the water was sinking to the
bottom and the biodiesel was remaining over the
water.

After about 40 min the butanol has boiled off to
remove the unreacted alcohol then dried with
anhydrous MgSO4 to get rid of any water (Fig. 5).

Biodiesel yield

The biodiesel vyield (% wt) after the post-
treatment stage, relative to the amount of Trichilia
emetic seeds poured into the reactor, was calculated
from the butyl ester and weights of seeds.
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Massofbutylester
Massofseedspowder

Biodieselyield = x100

Biodiesel quality analysis

The pure biodiesel obtained through the above
procedure gave the ester yield, measured on weight
basis. The experiment was replicated three times
and average experimental parameters recorded.
ASTM D6751 standard fuel characterization was
subsequently carried out on the Trichilia emetica
seeds biodiesel. The physico-chemical properties
of biodiesel such as kinematic viscosity (ASTM
D445); flash point (ASTM D93); cloud point
(ASTM D2500); conradson carbon .residual

(ASTM D189); copper strip corrosion ((ASTM
D130); total acidity (ASTM D974) and ash content
(ASTM D482) was determined by ASTM D6751
standard method [10].

| BIODIESEL

CONTAMINATED WATER

.4

E
;
\ |
-
g.

Fig.'5. Purification of biodiesel by hot distilled water
(slightly acidic) to remove excess alcohol, soap, catalyst

RESULTS AND DISCUSSIONS

For the alkali-catalysed in-situ transesteri-
fication experiment conducted using the stated
reaction parameters, the experiment was triplicate
and average experimental results evaluated. The
physico-chemical parameter of the biodiesel was
characterized by Ethiopian petroleum supply
enterprise laboratory, Addis Ababa, Ethiopia and
the result was presented in Table 1. The butyl ester
of Trichilia emetica seeds biodiesel prepared using
100g Trichilia emetica seeds powder, 1000.0g
butanol, 4.0% KOH at 80°C and 100 minutes
reaction time yielded 84.0g Trichilia emetica seeds
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biodiesel which is a satisfactory result and the seed
is promising in the production of biodiesel in large
industrial scale.

Table 1. Physico-chemical parameter of biodiesel

No Property Test method ,ASTM Test ASTM 6751 limit Biodiesel
1 Flash point (PMCC), °C D 93 Min. 93 49

2 Cloud point, °C D 2500 report 18

3 Kinematic viscosity, mm?/s D 455 Min. 1.9 Max. 6 5.44

4 Conradson carbon residue D 189 Max.0.05 0.33

5  Total acidy, mgKOH/g D 974 Max.0.5 6.28

6  Ash content D 482 Max.0.02 0.062

7  Copper strip corrosion D 130 Max.No.3 la

Kinematic viscosity

Viscosity, the measurement of the internal flow
resistance of a liquid, constitutes an intrinsic
property of vegetable oils. It is of remarkable
influence in the mechanism of atomization of the
fuel spray. In-situ transesterification is the most
common way to lower this high viscosity. From
the result presented in Table 1, the viscosity of
Trichilia emetica seeds biodiesel (5.44 mm2/s) fall
within the range prescribed by ASTM D6751
standard (1.9 — 6.0) mm2/s for biodiesel [11]. This
implies that the Trichilia emetica seeds biodiesel
satisfies the fluidity requirement of an alternative
biodiesel.

Copper strip corrosion

This parameter characterizes the tendency of a
fuel to cause corrosion to copper, zinc and bronze
parts of the engine and the storage tank. This
corrosion resulting from biodiesel might be induced
by some sulfur compounds and by acids, so this
parameter is correlated with acid number. Some
experts consider that this parameter does not
provide a useful description of the quality of the
fuel, as the results are unlikely to give ratings
higher than class 1. In this study, the copper strip
corrosion was la which lies in the biodiesel quality
requirement criteria set by ASTM D6751
(Max.No.3). This reveals that, the biodiesel is not
producing any rust on the machine engine.

Cloud Point

The cloud point is “the temperature at which a
cloud of wax crystals first appears in a liquid when
it is cooled down under conditions prescribed in
this test method.” The cloud point is a critical factor
in cold weather performance for all diesel fuels.
Because of climate diversity in different places, the
American and European standard, haven’t set any
limitations for flow properties. The saturated fatty
acid compounds have significantly higher melting
points than unsaturated fatty acid compounds [12].
In this study the cloud point of the biodiesel was

180C which is higher than that obtained for the
conventional petroleum diesel.

Ash content

The Ash content or mineral content is a measure
of the amount of metal contained in the fuel. From
the result the ash content of biodiesel is 0.062%
slightly greater than the standards. Biodiesel burnt
with very low smoke. This implies that biodiesel
emissions from exhaust of vehicles will help reduce
the pollution introduced to the atmosphere.

Carbon residue

The parameter serves as a measure for the
tendency of a fuel sample to produce deposits on
injector tips and inside the combustion chamber
when used as automotive fuel. It is considered as
one of the most important biodiesel quality criteria,
as it is linked with many other parameters. So for
biodiesel, carbon residue correlates with the
respective amounts of glycerides, free fatty acids,
soaps and remaining catalyst or contaminants [12].
The carbon residue of the biodiesel 0.33% was
higher compared to 0.050max documented. This
could be due to the contaminant which might have
entered the sample during the heating in the
production of biodiesel and the presence of small
amount of glycerol left in the final product.

Acid value

Acid value or neutralization number is a
measure of free fatty acids contained in a fresh fuel
sample and of free fatty acids and acids from
degradation in aged samples. The acid value of the
present study was 6.28mgKOH/g which is higher
than with the ASTM D6751 standards. The acidic
compounds that could possibly be found in
biodiesel are: 1) residual mineral acids from the
production process, 2) residual free fatty acid from
the hydrolysis process or the post- hydrolysis
process of the esters and 3) oxidation byproducts in
the form of other organic acids. Therefore, the
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trichilia emetica seeds need acid pretreatment
before using for the production of biodiesel.

Flash point

In general, the flash point value specified by the
guality standards is relatively high, for safety
reasons regarding storage and transport and also to
ensure that the alcohol is removed from the finished
product. Low flash points may indicate alcohol
residue in biodiesel. The flash point for the
biodiesel obtained in this study was 490C which is
lower than the minimum requirement set by ASTM
D6751. This is due the presence of residual alcohol
left in the biodiesel during drying processes.

Conclusion

This study has shown that most of the physico-
chemical properties evaluated for the biodiesel
conform to the ASTM D 6751 standard values. It
could be concluded from this study that the
biodiesel produced from trichilia emetica seed
using in-situ transesterification is a potential
replacement for fossil diesel and effective usage of
biodiesel will help to reduce the cost of protecting
the atmosphere from the hazards in using fossil
diesel and hence will boost the economy of the
country.
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I[TOJIYHABAHE HA BUON3EJI OT CEMEHA HA TRICHILIA EMETICA YPE3 IN-SITU
TPAHCECTEPUOUKALIA

B. Agunro
Kameopa no xumus, Yuueepcumem Muszan-Tenu, Tenu, Emuonua
IMoctenuna Ha 8 anpun, 2013 r.; kopurupana Ha 9 aBrycr, 2013 .
(Pesrome)

OcHOBHATa I1eJT Ha Ta3u M3ClieoBaTeNcka pabora 6e Mpou3BOJICTBOTO Ha OmoamM3en oT ceMeHa Ha trichilia emetica
ype3 in-Situ TpancecTepudukanus. [IpoecsT e n3cneaBaH mpu peakunoHHa temmeparypa 80 °C u Bpeme 3a peakuust
100min. ®u3uKO-XxUMHUYHHUTE MapaMeTpu Ha Ouomusena ca Ownu nposepend upe3 ASTM D 6751 crangaptu. B ToBa
NpOy4YBaHe, KOpO3WsTa Ha MeJHAa IUIACTWHA, KMHEMaTHYHHS BUCKO3UTET, TOYKAaTa Ha HOMBTHIBAaHE, MENEeIHO
ChIBpKAHUME UMAT CTOHHOCTTH 1a, 5.44 mm?/s, 180C u 0.062% choTBeTHO. Te3u CTOWHOCTH OTTOBAPAT HA KPUTEPUHTE
3a KadyecTBO Ha Owonusen, onpeneneHn 4pe3 ASTM D6751. Bwnpeku ToBa, ToukaTa Ha BB3IUIAMEHSBAHE W
KHCEMHHUTE CTOMHOCTH HAa OMOAN3e] He OTrOBapsAT Ha KpUTEpUHUTE 3a KadecTBO, onpeneneHn or ASTM D6751, koeto
ce IBDKM Ha IPHUCBCTBHETO Ha Hepearnmpan (OCTaThYeH) aJKOXOJd M OCTaThYHM MHHEPATHH KHCEIWHH OT
MIPOU3BOJICTBEHUS Tpolec, choTBeTHO. C apyru aymu, 60% oT GU3NKO-XUMUIHUTE CBOWCTBA Ha OMOM3eNIa OTTOBapsIT
Ha KPUTEPHUHTE 3a KaduecTBO, onpeaeneHn oT ASTM D6751 u e HeoOX0UMO MPEeABAPUTEHO TPETHPAHE HA CEMEHATa,
3a J]a ce TMOBHIaBa KaueCTBOTO Ha OHOM3ena.
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antibacterial study of dimeric & tetrameric complexes of Co(ll), Ni(I1) Cu(ll), Zn(ll),
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Six complexes of Co(ll), Ni(ll), Cu(ll), Zn(Il), Cd(ll) and Hg(ll) with one tetradentate azodye ligand and six
complexes of above metal ions with one octadentate azodye ligand have been synthesized. All the twelve complexes
have been characterised by analytical, conductance, magnetic susceptibility, IR, electronic spectra, E.S.R., NMR,
thermogravimetric analysis and XRD powder pattern spectra. In addition to this molecular modelling study of the
ligands and complexes has been made. The Co(ll) and Ni(ll) complexes are found to be octahedral, Cu(ll) complexes
are distorted octahedral and a tetrahedral stereochemistry has been assigned to Zn(ll), Cd(Il) and Hg(ll)complexes. The
antibacterial study of the ligands and six complexes is made against gram-positive bacteria Staphylococcus aureus and

gram-negative bacteria Escherichia coli.
Keywords: Polymetallic complexes, Azodye complexes.
INTRODUCTION

The study of polymetallic complexes containing
Polydentate(tetra-, hexa- and octadentate) azodye
ligands is of recent interest.  Besides
chemotherapeutic  properties[1], azodyes also
possess the property of an indicator and hence are
used in chemical laboratories. They also find
application in dyeing food stuffs and as
preservative for food grains[2]. In continuation of
our previous work on the study of with the
Pharmacological activities of the azodyes and their
complexes[3], we report here the preparation of one
(bis-bidentate) Fig. 1 and one (bis-tetradentate) Fig.
2 azodye ligands and their twelve dimeric and
tetrameric metal complexes.

0=C-CH 5 CH4-C=0

|
Ho—p = =
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Fig. 1. LH» (4,4-bis(2’-hydroxynaptholazo)diphenyl-

ether)
HO
@—NN@O ON=N
W N/

Fig. 2. L'Hs (4,4-bis(2°,4’-dihydroxyacylphenylazo)
diphenylmethane)

OH

* To whom all correspondence should be sent:
E-mail: mahapatra.bipin@yahoo.com*

EXPERIMENTAL

Elemental analysis (C, H, N) were carried out on
elemental analyser Perkin EImer 2400 while metals
were determined by EDTA after decomposing the
complexes with conc. Nitric acid. All the chemicals
were of AR or SRL grade. The chlorine contents
were estimated by standard methods. Conductance
measurements of the complexes were made using
Toshniwal CL 01-06 Conductivity Bridge. The
magnetic susceptibility measurements were made at
RT by Gouy method using [HgCo(SCN)4] as
calibrant. IR spectra (KBr) were recorded using IFS
660 spectrophotometer, electronic spectra (in DMF)
using Hilger-Watt Uv-vis peck spectrophotometer,
ESR of the Copper complexes were recorded on an
EU- spectrometer, NMR on a Jeol GSX 400 with
CDCI3 and DMSO as solvent and TMS as internal
standard and X-ray diffraction (Powder Pattern) of
the complex was recorded on a Phillips PW 1130
diffractometer(Cu K a raditions, A = 154060 A) and
the generation setting of 30 MA and 40KV, the
scan axis is Gonio and Start position (26) 10.0011.
Thermal data was recorded on MRETTLER
STARe SW 9.01 and Molecular modelling of the
ligands and complexes was done with the help of
Arguslab 4.0 software.

The antibacterial activity of two ligands and six
complexes has been studied as per cup-plate
method [4]. The solutions of the compounds were
prepared in dimethylsulfoxide (DMSOQO) at 500
ugml™. The bacterial strains are inoculated into 100
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ml of the sterile nutrient broth and incubated at 37
+ 1 °C for 24 hours. The density of the bacterial
suspension was standardized by Mc Farland
method. Well of uniform diameter (6 mm) were
made on agar plates after inoculating them
separately with the test organisms aseptically. The
standard drug and the test compounds were
introduced with the help of micropipette and the
plates were placed in the refrigerator at 8-10 °C for
proper diffusion of drug into the media. After two
hours of cold incubation, the petri-plates were
transferred to incubator and maintained at 37+ 2 °C
for 18-24 hours. Then the petriplates were observed
for zone of inhibition by using vernier scale. The
results are reported by comparing the zone of
inhibition shown by the test compounds with the
standard drug Tetracycline. The results are the
mean value of zone of inhibition of three sets
measured in millimeter.

Preparation of the Ligands

The azodyes were prepared by the coupling
reaction of the diazonium chlorides obtained from
4,4/-diaminodiphenylether (0.01 mol 2.0 gm) and
4,4/-diaminodiphenyl methane (0.01 mol, 1.98 gm)
with alkaline solution of B — naphthol (0.02 mol ,
3.36 gm) and 2,4-dihydroxyacetophenone (0.02
mol, 3.96 g.) respectively at 0 to 5 °C.

Preparation of the complexes

The metal chlorides in ethanol were mixed
separately with ethanolic solution of the ligands
with LHz and L/Hs in 2:1 and 4:1 molar ratio
respectively. The resulting solutions were heated to
50-60 °C for about 1 hour on a heating mantle. The
solution was then cooled down to room temperature
and the pH was raised to ~ 7 by adding
concentrated ammonia drop by drop with stirring.
The solid complexes thus formed were then washed
with ethanol followed by ether and dried in vacuum
(Fig 3 and Fig 4).
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Fig. 3. Proposed Geometry of Co(ll), Ni(ll), Cu(ll),
Zn(I1), Cd(I1) and Hg(ll) complexes with LH,. . (Where
X = H,0 for CO", Ni", Cu"' ,X= 0 for zn", Cd", Hg")
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Fig.4. Proposed Geometry of Co(ll), Ni(ll), Cu(ll),
Zn(11), Cd(l1) and Hg(I1) complexes with L'Ha. (Where x
= H,0 for CO", Ni", Cu" ,X= 0 for zn", Cd", Hg")

RESULTS AND DISCUSSION

The elemental analysis data agree well with the
following compositions of the metal complexes
reported (Table 1), have the compositions
[M2LCl2(H20)¢], [MLLCI(H.0)],
[M4L/C|4(H20)12] and [M14L/C|4(H20)4] where M =
Co(ll), Ni(l1), Cu(ll); M* = Zn(ll), Cd(I1), Hyg(ll),
LH, = CzH203N4 and L/H4=C29H2405N4. All the
complexes were amorphous in nature, have high
melting points and were insoluble in common
organic solvents but soluble in dimethylformanide
and dimethylsufoxide. The non-electrolytic nature
of the complexes were indicated by the low
conductance values (3.5 — 4.8 Q ** cm? mol?) in
DMF [5].

IR spectra

In the IR spectra(Table 1)of the ligands, show
broad bands were observed at 3445 cm? (LH,) and
at 3445 cm™ (L’H4) which may be assigned to the
stretching vibrations of naptholic and phenolic —-OH
group. The broadness of these bands may be the O-
H..N and O-H...O intramolecular Hydrogen
bonding between naptholic/phenolic Hydrogen
atom with azo N and Carbonyl O atom. The bands
at 1490 cm? ((LHy) and 1470 (L’Hs) can be
attributed to phenolic C — O vibration and in the
metal chelates these bands appear at ~ 1465 - 1471
cmt indicating the bonding of phenolic/naphtholic
oxygen atoms of the ligands to the metal ions[6].
The sharp bands of the ligands at 1621 cm™ (L’H,)
and at 1606 cm™ (L’Hi) can be attributed to v
(N=N) vibration and in the metal chelates these
bands are shown at 1614 cm® with the former
ligand and at ~1594 - 1599 cm™ with the latter
ligand which indicates the coordination of one of
the azo nitrogen atoms ions [7]. In the ligand (L’Ha)
a sharp band appears at 1635 cm™ which can be
attributed to v(>C=0) vibration and in the metal
chelates it appears at ~1588 cm? indicating the
bonding of the carbonyl oxygen atom to the metal
ions. In the metal complexes, broad bands appear at
3172-3434 cm* followed by sharp peaks at 825 -
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Table 1. Analytical data of the Ligands and the Complexes

Compound M.P. Found/(Calcd.), %
Colour C Cl H N M

LH2 90 Deep red 77.1/(77.4) 3.63/(3.94) 10.01/(10.03)

L'Ha 75  Reddish brown 66.01/(66.41) 4.14/(4.65)  10.65/(10.68)
[Co:LClx(H20)s]  >240 Red 50.24/(50.64)  8.2/(8.3)  3.35/(3.75) 6.4/(6.5) 13.5/(13.8)
[CosL/Cla(H20)12]  >240 Brick red 31.1/(31.3)  12.4/(12.7)  3.92/(3.96) 4.7/(5.0) 20.8/(21.1)
[Ni2LClo(H20)e] ~ >240 Coffee 50.64/(50.68)  8.1/(8.3)  3.73/(3.75) 6.3/(6.5) 13.5/(13.7)
[NisL/Cls(H20)12]  >240 Brightred  31.38/(31.12) 12.6/(12.7)  3.93/(3.96) 4.9/(5.0) 20.8/(21.1)
[CuzLCl2(H20)s]  >240 Lightgreen  50.09/(50.11)  8.1/(8.3)  3.69/(3.71) 6.3/(6.4) 14.5/(14.7)
[Cusl/Cla(H20)12]  >240 Brown 30.55/(30.85) 12.3/(125)  3.6/(3.7) 4.7/(4.9) 21.1/(21.4)
[Zn2LClx(H20)2]  >240 Darck brown  54.21/(53.93)  6.8/(7.01)  2.93/(3.02) 5.4/(5.53) 25.6/(25.83)
[ZnsL/Cla(H20)a]  >240 Light red 34.89/(35.09)  8.7/(8.9)  2.53/(2.82) 5.4/(5.6) 26.1/(26.2)
[Cd2LCl2(H20)2]  >240 Coffee 48.64/(48.65)  7.7/(7.9)  2.55/(2.70) 6.1/(6.3) (25.3)
[CdsL'Cla(H20)a]  >240 Brown 28.88/(29.50) 11.7/(11.9) 2.11/(2.37) 4.7/(4.9) 37.5/(37.6)
[Ho:LCIz(H20).]  >240 Red 40.64/(40.69)  6.5/(6.6)  2.01/(2.25) 5.1/ (5.2) 37.5/(37.6)
[HgsL/Cla(H20)s] ~ >240 Red 2267(22.71)  9.0/(9.2)  1.67/(1.82) 3.5/(3.6) 52.1/(52.2)

844 cm?® and 731 - 749 cm? assignable OH
stretching, rocking and wagging vibrations
respectively indicating the presence of coordinated
water molecules in the complexes [8]. The
conclusive evidence of bonding of the ligands to
the metal ions is proved by the appearance of bands
at ~ 503 — 518 cm-1 (M-O) and at ~454 - 457 cm'?
(M-N) [9].

Electronic spectra and Magnetic measurements

In the electronic spectra (Table 2) of Co(ll)
complexes, four bands appear at 8150(8182) cm,
16350(16550) cm™ and 19765(19950) cm™ and
31550(32460) cm™ . The first three band assigned
to 4T1g(F) — 4T2g(F)(v1), 4T1g(F) — 4A2g(F)(
v2), 4T1g(F) — 4T1g(P)( v3) respectively and 4th
band is CT band. The ligand field parameters like

Table 2. IR spectral Data of the ligands and the complexes, v/cm™

Dqg = 820 (836.8) cm™, B =777.6 (796.9) cm™, B35
= 0.743(0.757) cm? v2/vl = 2.006(2.02) and
6=25(21.95) suggest the octahedral configuration
for the complexes [10]. In the electronic spectra of
Ni(Il) complexes four bands appear at 10120
(10135) cm’?, 16920(17150) cm™, 24820(24995)
cm? and 31340(32160) cm™. The first three bands
can be assigned to 3A2g(F) — 3T2g(F)(vl),
3A2g(F) — 3TIg(F)( v2), 3A2g(F) —
3T1g(P)(v3) transitions respectively and the fourth
band is assigned to a CT band. The ligand field
parameters like Dg =1012 (1013.5) cm-1, B=758.6
(782.6) cm-1, B35=0.728 (0.751) cm-1, v2/vl =
1.67 (1.69) and 6=37.3(31.1) suggest an octahedral

geometry for the complexes.

Compound v/em®
(C-0) (-N=N-) (C=0) (M-0O) (M-N)

LH> 1490 1621 : ) .

L’Hy 1470 1606 1635 : .

[Co,LClx(H20)6] 1489 1613 . 518 457
[CosL’Cla(H20)12] 1465 1544 1586 503 455
[NizLCl2(H20)e] 1471 1614 . 517 457
NisL’Cla(H20)12] [ 1467 1595 1588 505 454
[CuzLCl(H20):] 1468 1614 ; 515 455
[CusL/Cls(H20)12] 1465 1598 1585 510 454
[Zn 5LCl>(H20):] 1470 1613 ; 510 456
[Zn sL'Cla(H20)4] 1467 1599 1586 505 455
[Cd2LCly(H20):] 1468 1613 ; 512 457
[CdsL/Cla(H20)4] 1467 1595 1585 510 455
[Hg2LCl>(H20)] 1470 1614 ; 515 455
[HgaL/Cla(H20)4] 1465 1594 1587 510 454
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Table 3. Magnetic and Electronic absorption data of the compounds

Compound pe/lp viem'? Band assignment Geometry
[Co2LCl2(H20)6] 5.01 8150  “T1y(F) — *T24(F) octahedral
16350  “T1g(F) — “Axy(F)
19765  “Tig(F) — *T1g(P)
31550 INCT®
[CosL/Cla(H20)12] 5.0 16550  “Tig(F) — *T2g(F) octahedral
19950  “T1g(F) — “Axy(F)
32460  “Tig(F) — *T1g(P)
INCT?
[Ni2LCl2(H20)e] 3.0 10120  3Axg(F) — 3T2g(F) octahedral
16920  3Axy(F) — 3T1y(F)
24820  3Axy(F) — 3T1g(P)
31340 INCT?
[NisL/Cla(H20)12] 3.1 1013 3PA2g(F) — 3To4(F) octahedral
17150  3Axg(F) — 3T19(F)
24995  3Ax(F) — 3T1g(P)
[Cuz L Cl2 (H20);] 1.8 13350  2Eg — 2Ty Distorted
octahedral
[Cus L'Cls (H20)12 1.7 1335  2Eg— 2Ty Distorted
octahedral

1012 (1013.5) cm?, B=758.6 (782.6) cm?,
B35=0.728 (0.751) cm?, v2/vl = 1.67 (1.69) and
0=37.3(31.1) suggest an octahedral geometry for
the complexes [11]. The electronic spectra of Cu(ll)
complexes exhibit one broad band at ~ 13350 —
14520 cm™* with maxima at ~13760 cm™ assignable
to 2Eg — 2T2g transition supporting a distorted
octahedral configuration for the complexes
[12].The effective magnetic moments of Co(ll),
Ni(Il) and Cu(ll) complexes were recorded at room
temperature and corrected for diamagnetic
contribution using pascal’s constant. These are
around 5.1, 3.1 and 1.8 B.M. respectively which
indicating that they have octahedral configuration
around the metal ions [13].

ESR spectra

The ESR spectra of the complexes
[Cu.LCly(H20)6] and [CusL/Cls(H20)12] have been
recorded at X-band at room temperature. The gav
values of the complexes are found to be 2.0074 and
2.10655 respectively by applying kneubuhl’s
method [14].This type of spectrum might be due to
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dynamic or pseudo rotational type of Jahn — Teller
distortion. The spin orbit coupling constant A can
be determined from the equation gav=2(1 — A /
10Dq). The values of A for the complexes are found
to be -25.456 cm™ and -365.999 cm™. The lowering
of X values of the complexes from the free ion
value (-830 cm™?) indicates overlapping metal-
ligand orbitals.

1H-NMR spectra

The *H NMR spectra of the free ligands LH; and
L/Hs were recorded in CDCl; of DMSO-ds
respectively and showed the following signals at &
(ppm):  7.004-8.862 (20H,m,napthyl), 15.943
(2H,s,naptholic OH). The spectra of L/H4 in
DMSO showed the following peaks: 6.250-8.883
(12H, m, phenyl), 12.609 (4H,s, phenolic OH),
2.502-2.664 (2H,m,-CH2-), 2.347 (6H,s,0=C-
CH3). The 1H NMR spectrum of the Zinc complex
was recorded in the solvent DMSO. The complex
multiplet is observed at & 6.839 — 8.676 ppm which
corresponds to 20 napthyl protons [15]. The sharp
peak obtained at & 15.943 ppm (-OH) in the ligand
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is found to be absent in the complex indicating
deprotonation of the naphtholic proton thereby
confirming the bonding of naphtholic oxygen atom
to the Zinc ion (Table - 4).

Table 4. 'H NMR Spectroscopic data, 5/ppm

Compound Ar—H _CHf/ppmoH CHs
™ 78%%‘; - 15943 -
L'H am  2ges 12600 3374
[Zn,LClo(H-0)]° %863;% - ) ]

2=CDCLs "=DMSO-ds
Thermal analysis and kinetic calculation

The thermal decomposition behavior of the
complex [CusLCls(H20)12] was studied (Table-5)
by using TG and DTA techniques in an atmosphere
of nitrogen at a heating rate of 10 oC per minute.
The experimental data shows that the
decomposition occurs in multiple stages. The
thermo gram of the complex shows a mass loss
within 120 oC which indicates removal of lattice
held H20 molecules, supported by an exothermic
peak at 110 oC[18].1Thereafter the compound,
loses 11.36% of mass (Calcd, 11.013%) which
corresponds to loss of seven coordinated H20
molecules, supported by an exothermic peak at 290
oC. Thereafter, a gradual mass loss of 29.28%

Table 5. Thermal data of the Cu(ll) complex with the
ligand L'Hy4

Decomposition Mass Mass

temp(°C) loss(obs) loss(calcd) Assignment
310 11.36% 11.01% 7 Coord.H,O
5 Coord.H-0,
550 29.28% 29.15% parts of
ligand
4 chlorine
930 47.70% 47.80% atoms,

rest of ligand

(Calcd 29.15%) is observed due to removal of rest
of coordinated H20 molecules and parts of the
ligand. Then the compound shows loss of 47.70%
(Calcd 47.80%) due to removal of four chiorine
atoms and rest of the ligand moiety with the rise of
temperature with the formation of CuO at 930 oC
supported by an exothermic peak in the DTA curve.
The kinetic parameters such as order of reaction,
activation energy for the thermal decomposition of
[Cu4LCl4(H20)12] have been determined by
Freeman-caroll method [19]. In this method, the
equation used is —dw/dt = Rt = Z/RH e-E/RT Wn
where RH= rate of heating, w= weight fraction of
reacting material, E=activation energy, n=order of

reaction, and z=frequency. This equation in the
difference form will be A log RT =n A log w —
(E/2.303R) A (1/T), when A (1/T) is kept constant,
a plot at A log RT verses A log W gave a linear
relationship whose slope and intercept provides the
value of n and E respectively. The order of the
decomposition reaction and the activation energy
are found to bel.40 and 5.91J mole-1 respectively.
The calculated value of the activation energy is
found be low due to the autocatalytic effect the
metal ion on the thermal decomposition of the
complex [20,21]. The correlation coefficient (r) of
the thermal decomposition is 0.96 which fits well
with the experimental finding.

Powder X-ray diffraction analysis

The XRD study (powder pattern) of the complex
[Ni4L/ Cl4 (H20)12] has been studied the help of
X-ray diffractometer. The prominent peaks of the
X-ray diffraction pattern have been indexed out
analysed by using computer programme
LSUCRPC[16].The lattice parameters (a,b,c, o, J,
Y), volume of the unit cell and the miller indices
(h,k,l) have been mentioned in Table-6. The
indexing is confirmed by comparing between
observed and calculated (20) values. It is observed
that, the peaks of the XRD powder pattern have
been successfully indexed as figure of merit (M) is
found to be 8.5 as suggested by De Wolff [17]. The
density of the complex was determined by the
floatation method in a saturated solution of KBr,
NaCl and benzene separately. The number of
formula units per unit cell (n) is calculated from the
relation n = dNV/M where d= density of the
compound, N= Avogadronumber, V= volme of the
unit cell, M = Formula weight of the complex. The
value of ‘n’ is found to be 2.0 that agree well with
the triclinic crystal structure of the complex. The
crystallite size of the same complex was calculated
from the diffraction line width using the Debye
scherrer relation D=kA/Bcos® where D=particle
size, k=dimensionless shape factor, A=X-ray
wavelength, p=line broadening at half the
maximum intensity, O=diffraction angle. This
equation relates the size of the particles in a solid in
the broadening of a peak in a diffraction pattern.
The particle size of the same complex was found to
be 0.64 nm.

Molecular modelling

Molecular modelling of the Ligand LH2, L/H4
and metal complexes of Co(ll), Zn(Il) with LH2,
Ni(ll) complex with L/H4 have been carried out
using molecular mechanics and Hartree-Fock (HF)
Quantum methods. The standard 6-31 G basis set
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was used in conjugation with the H-F method. All The metal complexes were built and optimization
calculations are made wusing Gaussian 98 of their geometry was done at mm/H-F/6-31G level
programme package [22, 23, 24, 25]. of theory Fig.5, Fig.6, Fig.7, Fig.8, and Fig.9.
Table 6. XRD Data of the Ni(Il) Complex
Compound Bond Bond Length(A) Bond Angle(°)
Ligand-LH; C(5)-0(7) 1.429 C(5)-C(6)-C(3)-120
C(2)-N(8) 1.434 C(6)-C(5)-0(7)-120
C(23)-0(28) 1.407 C(1)-C(2)-N(8)-120
C(5)-C(6) 1.379 C(2)-N(8)-N(9)-106.7
N(8)-N(9) 1.270 C(23)-0(38)-H(40)-104.51
[Co2LCly(H20)s] 0(36)-Co(40) 1.964 0(38)-Co(40)-0(43)-90
N(9)-Co(40) 1.972 0O(38)-Co(40)-Cl(42)-90
CI(42)-Co(40) 2.359 0(38)-Co(40)-N(8)-90
C(18)-N(8)-Co(40)-106.7
[Zn,LClx(H20).] 0(38)-Zn(40) 1.883 0(38)-Zn(40)-0(41)-109.47
N(9)-Zn(40) 1.903 0(38)-Zn(40)-N(8)-109.47
Zn(40)-CI(42) 2.273 0(38)-Zn(40)-Cl(42)-109.47
Zn(40)-0(41)-H(47)-104.51
Ligand-L'H, C(35)-0(11) 1.325 C(5)-C(7)-H(94)-109
C(26)-0(47) 1.407 C(5)-C(7)-C(35)-109.47
C(5)-C(7) 1.48 C(43)-C(44)-0(11)120
C(5)-C(4) 1.379
NiL/Cl4(H20)1, C(9)-N(25 1.434 0(12)-Ni(13)-0(15)-90
0(12)-Ni(13) 1.894 0(11)-Ni(13)-0(14)-90
0(11)-N(13) 1871 N(9)-Ni(17)-0(10)-90
N(8)-Ni(17) 1.885 0(10)-Ni(17)-Cl(18)-90
Ni(17)-CI(18) 2.264 N(8)-N(9)-Ni(17)-106.7

Fig. 7. Optimised Geometry of Co(ll1) Complex with (LH2) Fig. 8. Optimised Geometry of Zn(1l) Complex with (LH2)

Fig. 9. Optimised Geometry of Ni(ll) Complex with L'H4
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Findings of these computed works are in good
agreement with the experimental results. The
selected band lengths, band the angles of the
ligands and complexes are give in Table 7.

Table 7. Selected bond length and bond angle of the
ligands and the complexes

Concentration/ Zone of Inhibition

Compound 9 (mm)
ngml E.coli S aureus

LH, 500 14 12
L’Ha 500 10 8
Co,LCly(H20)6] 500 15 13
[NizLCly(H20)s] 500 18 14
ZnzLCl2(H20):] 500 10 6
CusLCls(H20)12] 500 14 12
NisLCla(H20)12] 500 12 10
Tetracycline 1000 45 30

In the metal complexes, the metal may be
coordinated to either N1 or N2 of the azo group.
When it is coordinated to N1, it forms a six-
member ring and when it is coordinated to N2 it
forms a five-member ring. In case of the Co(ll) and
Zn(ll) complexes with LH2,the total energy is
found to be 184.744 KcalMole-1 and 111.929
KcalMole-1 respectively when they form five
member ring, But energy of the complexes has been
reduced to 129.413 KcalMole-1 and 103.27
KcalMole-1 which shows that the metal atoms are
bonded to N1 of the azo group. In case of Ni(ll)
complex with L/H4 the bond energy of the six
member ring(378.48 KcalMole-1) is found to be
more than the five member ring (321.373
KcalMole-1) which indicates the bonding of Ni
atom with the N2 of the azo group.

Antibacterial study

The ligands and metal complexes have been
screened for antibacterial activities and the results
have been shown in Table-8. The results show that
the complexes possess remarkable biological
activities against different bacteria. The Co(ll)and
N(11) complexes with LH2 show more antibacterial
activities than and the co(ll) and Ni(ll) complexes
show greater activities than the ligand L/H4. The
increase in biological activity of the metal
complexes than the ligands may be due to
complexation and it can be explained on the basis
of chelation theory [26].

The Zn(11), Cd(Il) and Hg(ll) complexes have
tetrahedral geometry based upon analytical
conductance and IR spectral data. The azodye
(LH2) behaves as bis-bidentate (tetradentate) and
the azodye L/H4 behaves as bis-tetradentate
(octadentate) ligand forming dimeric and tetrameric
complexes respectively

CONCLUSION

Based on physicochemical and spectral data,
octahedral geometry for Co(ll) and Ni(ll)
complexes, a distorted octahedral geometry for
Cu(Il) complexes and a tetrahedral geo metry for
Zn(11),Cd(11) andHg(Il) complexes are proposed. It
is found that the ligand(LH2) behaves as dibasic
ON-NO bis-bidentate and the ligand (LH4)
behaves as tetrabasic OOON-NOOO bis-
tetradentate, coordinating through the
phenolic/naphtholic oxygen, azo nitrogen and
carbonyl oxygen atoms. Thermogravimetry study
indicates the complex is thermally stable, the XRD
study suggested the triclinic crystal system for the
nickel complex. All calculations based on
molecular mechanics on the optimized geometries
fit well with the experimental findings. The ligands
and the complexes are pharmacologically active
and the complexes posses enhanced antibacterial
activities compared to the free ligands.
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MTOJIMMEPHU KOMITJIEKCU YACT CIV CUHTE3A,
OXAPAKTEPU3VUPAHE U AHTUBAKTEPHAJIHO M3CJIEJBAHE HA
JIMMEPHU U TETPAMEPHU KOMITJIEKCH HA Co(I1), Ni(11), Cu(Il), Zn(11),
Cd(11) ¥ Hg(I1) C A3OBATPWJIHU JIUT AHJIN

B. B. Maxanarpa®*, C. X. Jlexypu?, C. H. Yaynua®

12 Kameopa no xumus, I M. Aemonomen xoneac, Cambannyp — 7168004, Oouwa, Unous
3 Kameopa no xumus, Jupoicasen konexc, Kopanym, Oouwa, Hnous

IMoctenuna va 15 anpwi, 2013 r.; kopurupana Ha 3 rony, 2013 .

(Pesrome)

bsixa cuntesupanu mect komiwiekcu va Co (1), Ni (I1), Cu (I1), Zn (I1), Cd (1) u Hg (Il) ¢ equn terpanenrateH
azo0arpwiieH JMraHa M IIeCT KOMIUIEKCH Ha ChIIMTE METaIHM HOHM C €JUH OKTaJeHTaTeH a300arpwieH JIMTaH..
Benukute qBaHageceT KOMIUIEKCH Ca OXapaKTEPH3UpPaHU aHATUTUYHO, Ype3 MPOBOANMOCT, MATHIUTHA YyBCTBHTEIIHOCT,
WY, enextponen cuektpu, ECP, IMP, TepMorpaBuMeTprdeH aHaJIN3 U IpaxoBa peHreHoBa qudpakuus B nomsiHeHne
KbM TOBa Oellle HalpaBeHO W3CIeBaHE Ha JIMTAHJAWTE U KOMIUIEKCUTE upe3 MoliekynHo monenupane. 3a Co (IT) u Ni
(IT) xommiekcu ce ycraHoBw, ue ca ocMocteHHH, Cu (II) xomrmiekcn ca W3KPUBEHH OCMOCTEHHH W YETHPHUCTCHHA
crepeoxumus 6e nmpucsoena Ha Zn (II), Cd (II) m Hg (II) kommiexcn. AHTHOAKTEpHATHOTO IPOYIBAHETO HA JIMTAHIUTE
M LIeCT KOMIUIEKCH Oellle HampaBeHO Cpeuly IpaM-MOJOoKHUTedHH Oaktepun Staphylococcus aureus u rpam-

orpunarenuu 6akrepuu Escherichia coli.
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Sulfonated ordered nanoporous carbon (CMK-5-SOsH) efficiently catalyzes the synthesis of 2-substituted
benzimidazoles using cyclocondensation of various aldehydes and o-phenylenediamines. This catalyst can be recovered

and reused without significant loss of activity.

Keywords: sulfonated ordered nanoporous carbon,
phenylenediamine.

INTRODUCTION

High  profile  biological activities  of
benzimidazole derivatives such as anti-fungal, anti-
tubercular and anti-cancer have attracted attention
for their synthesis [1, 2]. They have been used as
ligands, catalysts and synthetic intermediates [3].
Number of methods have been developed for the
synthesis ~ of  2-substituted benzimidazole
derivatives involving the condensation of 1,2-
phenylenediamines with aldehydes [4], carboxylic
acids [5], orthoesters [6], nitriles [7] and amidates
[8]. Recently, several improved protocols for the
synthesis of benzimidazoles have been reported by
modification of condensation reaction of aldehydes
with o-phenylenediamines using various oxidants
and catalysts including H.0>—CAN [9], KsFe(CN)e
[10], Mn(OAc); in AcOH [11], NaHSOs [12],
K5S,08—CuSOq4 [13], SiOz—Mn(acac)g [14],
nanoCuO [15], tetrabutylammonium fluoride [16],
P-TsOH [17], MoO3s/CeO-ZrO, [18], WOX/ZrO;
[4], nanoporousaluminosilicate [19], Yb(OPf); [20],
I, [21], FeCls [22], In(OTf); [23], Yb(OTf)s [24],
Co(OH)2/CoO(ll) [25], MnZrO, [26] SBA-Pr-SOsH
[27], KF/Al,O3 [28] and scolecite [29] etc. Some
of these methods suffer from various limitations,
which include long reaction times, difficult work-
up procedures and the use of corrosive and not
recyclable catalysts. Therefore, development of
new protocols continues to attract the attention of
researchers. On the other hand, increasing
awareness of the environmental costs of traditional
acid-catalyzed chemical reactions has created an
opportunity for solid acids as a catalyst in organic
transformations due to their operational simplicity,
selectivity and reusability [30]. Carbonaceous

* To whom all correspondence should be sent:
E-mail: heshmat@umz.ac.ir

heterogeneous catalyst, benzimidazole, aldehyde, 1,2-

sulfonic acids have attracted considerable interest
as a solid catalyst in synthetic organic chemistry
[31, 32]. Recently, Wang et al. prepared a novel
sulfonic functionalized ordered nanoporous carbon
(CMK-5-SO3H) by covalent attachment of sulfonic
acid-containing aryl radical on the surface of
nanoporous carbon. CMK-5-SOsH showed stable
and highly efficient catalytic performance and it
could be reused for several times without loss of
activity [33]. However, to the best of our
knowledge, there is no report available on the
synthesis of benzimidazoles using CMK-5-SOsH
catalysts in the literature.

Here in, we report a simple, convenient, and
efficient method for the syntheses of 2-substituted
benzimidazoles by cyclocondensation of various
aldehydes with 1,2-phenylenediamines in the
presence of CMK-5-SOsH as a reusable and eco-
friendly catalyst (Scheme 1).

NH o H
@ ) )k CMK-5-SoH (j[r\l 2
+ _ —R

H R2 Air /

Rl/ 7 NH, Rl/ Z N

Rl=H, Me, PhCO  R%= Aryl, Alkyl

Scheme 1
EXPERIMENTAL

Materials were purchased from Fluka and Merck
companies. CMK-5-SOsH was prepared according
to the reported procedure [33]. The amount of acid
in CMK-5-SOsH was determined by
thermogravimetric analysis (TGA) and ion-
exchange pH analysis. The structure of products
was characterized by spectral data (*H NMR, **C
NMR) and physical properties and comparison with
authentic samples.

© 2014Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Procedure for the preparation of benzimidazole

o-Phenylenediamine (1.0 mmol) and aldehyde
(1.0 mmol) with 2 mol% of CMK-5-SOsH (0.023
g) (mol of Ph-SO3H on the CMK-5) in 10 mL 1,4-
dioxane were stirred at 100°C for an appropriate
time The progress of the reaction was monitored by
TLC (n-Hexane:Ethylacetat 9:1). After completion
of the reaction, catalyst was recovered by simple
filtration. Water was added to the mixture and
product filtered off. The residue was washed with
ethyl acetate and the product was obtained. If
necessary the product was further purified by
column chromatography on silica gel.
Supplementary Data

Experimental procedure and characterization
data for CMK-5-SOszH is available in Supporting
Information.
Some Product Characterization Data

5-Benzoyl-2- phenyl- 1H- benzimidazole
(Table 2, entry 3): IR (KBr): 3340, 3198, 1663,
1620, 1500 cm 1, H NMR spectrum (DMSO-d6,
400 MHz), 6, ppm: 7.53- 7.78 (10H, m), 7.97 (s,
1H) , 8.20- 8.23 (m, 2H), & 13.33 (br, s, 1H); *C
NMR spectrum (100MHz, CDCls), 6, ppm:
124.64, 124.67, 124.71, 124.84, 127.20, 128.50,
128.52, 128.90, 129.57, 129.93, 129.98, 130.99,
131.46, 132.56, 135.56, 196.07. CHN Calcd.C,
80.52; H, 4.73; N, 5.36. found: C, 80.50; H, 4.80;
N, 5.36.

2-(4-Nitrophenyl)-1H-benzimidazole (Table 2,
entry 6): IR (KBr): 3350, 3100, 1612, 1280 cm?,
'H NMR spectrum (DMSO-d6, 400 MHz), 5, ppm:
7.25-7.80 (m, 8H), 12.38 (br, 1H); 3C NMR
spectrum (100MHz, CDCl3), 6, ppm: 115.94,
12452, 136.23, 140.88, 141.89, 149.20. CHN
Calcd.C, 65.27; H, 3.79; N, 17.56. Found: C, 65.26;
H, 3.80; N, 17.52

4-(1H-Benzimidazole-2-yl)-phenol (Table 2,
entry 9): IR (KBr): 3459, 2859, 1620, 1495 cm™?;
!H NMR spectrum (DMSO-d6, 400 MHz), 3, ppm:
7.22-8.12 (8H, m), 12.30 (br, 1H); BC NMR
spectrum (100MHz, CDCls), o, ppm: 115.11,
120.65, 125.11, 130.20, 138.05, 141.75. CHN
Calcd.C, 74.27; H, 4.79; N, 13.33. Found: C,
74.29; H, 4.80; N, 13.30.

5-Benzoyl-2--naphthyl -1H-benzimidazole
(Table 2, Entry 12): IR (KBr): 3150, 2934,1662,
1624, 1560 cm 1, H NMR spectrum (DMSO-d6,
400 MHz), 6, ppm: 7.57- 7.80 (9H, m), 8.07- 8.13
(m, 4H), 8.32- 8.35 (m, 1H), 8.80 (s, 1H), 613.50
(br, s, 1H); ¥C NMR spectrum (100MHz, CDCls),
o, ppm: 124.36, 124.76, 124.80, 124.84, 124.88,
126.94, 127.41, 127.53, 127.94, 128.30, 128.90,
129. 07, 129.21, 129.96, 131.55, 132.59, 133.20,
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134.19, 138.56, 154.53, 156.95. CHN Calcd.C,
82.74; H, 4.59; N, 5.36. found: C, 82.80; H, 4.60;
N, 4.50.

2-Pentyl-1H-benzimidazole (Table 2, entry
17): IR (KBr) 3324, 2898, 1640, 3250 cm™ .'H
NMR spectrum (DMSO-d6, 400 MHz), d, ppm:
0.83-0.88 (m, 3H), 1.23-1.24 (m, 4H), 1.75-1.89
(m, 2H) 2.90 (t, J = 7.4 Hz, 2H), 6.41 (br, 1H),
7.18-7.36 (m, 2H), 7.50-7.50 (m, 2H), C NMR
spectrum (100MHz, CDCls), 8, ppm: 13.91, 21.68,
27.31, 28.50, 30.66,110.55, 118.10, 120.87, 134.37,
143.35, 155.10. CHN Calcd.C, 76.56; H, 8.57; N,
14.88. found: C, 76.53; H, 8.58; N, 14.89.

RESULTS AND DISCUSSION

TGA and ion-exchange pH analysis determined
the amount of acid in CMK-5-SOsH. Typically a
loading of ca. 0.84 mmol/g was obtained.

In this work, we showed the effect of solvent
and catalyst for the preparation of 2-phenyl-1H-
benzimidazole. Benzaldehyde (1 mmol) was treated
with o-phenylenediamine (1 mmol) in the presence
of CMK-5-SO3H (0.023 g: 2 mol%) in various
solvents (Table 1). As it is clear from this Table,
the highest yield of 2-phenyl-1H-benzimidazole
was obtained in 1,4-dioxane (Table 1, entry 1).

Table 1. Preparation of 2-phenyl-1H-benzimidazole
in different solvents

Entry Solvent Time (h)  Yield(%0)?
1 1,4-Dioxane 3 96
2 Acetonitrile 5 60
3 Toluene 5 40
4 Water 5 50
5 Ethanol 5 40
6 Dichloromethane 7 25

aYields refer to isolated products.

To evaluate the quantity of the catalyst, the
model reaction was performed in the presence of
different mol% of CMK-5-SOsH in dioxane at
reflux condition (Table 2). It was observed that this
reaction carried out well in the presence of 2 mol%
catalyst (Table 2 entry2). Using higher amounts of
catalyst did not considerable effect on the yield and
reaction time (Table 2, entry3 and 4).

In order to evaluate the scope and generality of
this process, various aromatic and aliphatic
aldehydes were reacted with several o-
phenylenediamines under the optimized reaction
conditions (Table 3).

Table 2. Screening of catalyst amount on model reaction

Entry  Catalyst amount (mol %)  Time (h) Yield(%)?
1 1 6 92
2 2 3 96
3 3 3 90
4 5 4 92

2 Yields refer to isolated products.
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Table 3. Synthesis of 2-substituted benzimidazoles using a CMK-5-SO3H catalyst

Entry Aldehyde Diamine Time (h) Yield® m.p./Lit.
0 NH,
1 H @[ 3 96  290-293 [4]
NH,
0 NH,
2 H /@: 2.5 98 240-242[19]
Me NH,
0 NH,
(@) - -
3 ©)LH QNHZ 7 95  216-219[-]
Ph
Q NH,
4 /©)LH @[ 2 93 290-292 [4]
al NH,
Q NH,
5 ©\)‘\H @[ 2 92  231-235[4]
NH,
cl
Q NH,
6 J@)LH @[ 2 95  300-302 [4]
O,N NH,
0 NH,
7 /©)LH ©: 5 95  223-225[4]
MeO NH,
0 NH,
8 /©)LH @[ 4 93  270-272[4]
Me NH,
Q NH,
9 J@)LH @[ 35 96  218-220[4]
HO NH;
H (0] NH,
10 @[ 3 90  267-269 [16]
¢
Q NH,
11 H @[ 3 91  212-215[19]
NH,
0 NH,
12 H oﬁ/@[ 7 92 239-240 [-]
NH,

0
>
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13

14

15 / \
Q)LH

16 9
Me/\)J\H

17 O

9y NH,
5 97
Me NH,

202-204 [13]

210-213 [34]

6 90  230-233[21]
5 72 160-162[19]
5 80  164-165[23]

aYields refer to isolated products.

Reactions of benzaldehyde (1 mmol) with
various 1,2-diamines (1 mmol) in the presence of
CMK-5-SOsH (2 mol%) in 1,4-dioxane at reflux
condition, afforded 2-phenyl-1H-benzimidazoles in
excellent yields (Table 3, entries 1-3). Similarly
benzaldehydes with possessing both electron-
donating and electron-withdrawing groups reacted
with o-phenylenediamine under optimal reaction
conditions, to give excellent yield of the desired
imidazoles (Table 3, entries 4-9).

In the optimal reaction conditions 1-
naphtaldehyde and 2-naphtaldehyde as sterically
hindered  aldehydes  reacted  with 1,2-
phenylenediamines to afford excellent yield of the
corresponding benzimidazoles (Table 3, entries 10 -
12).

This method is also suitable for the preparation
of benzimidazoles from a heteroaromatic aldehyde
such as 2-thiophenecarbaldehyde and indole-3-
carbaldehyde (Table 3, entries 13-15). Aliphatic
aldehydes such as buthanal and hexanal reacted
with  o-phenylenediamine and produced the
corresponding benzimidazoles (Table 3, entries 16-
17).

The recyclability of the catalyst was also studied
(Table 4). At the end of the reaction of
benzaldehyde with  o-phenylenediamine, the
catalyst was filtered off, washed with
dichloromethane, dried, and reused as such for
subsequent experiments under same reaction
conditions. The results in table 4 clearly established
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the recyclability and reusability of the catalyst
without significant loss of activity.

Table 4. Results of recyclability of the catalyst

Entry Cycle Time Yield (%)
1 1 3 96
2 2 3 95
3 3 35 90
4 4 35 89

To confirm the role of air as an oxidant in these
reactions, the optimal reaction was carried out
under N, atmosphere. It is noteworthy that only a
trace of 2-phenyl-1H-benzimidazole was obtained
in the absence of air. Hence, the role of air as an
oxidant is important in these transformations.

Mechanistically, it is believed that, the
electrophilic character of the carbonyl group is
enhanced by CMK-5-SO3H which facilitate the
generation of imine. The resulting imine further
reacts with another amine group of 1,2-
phenylenediamine resulting in the formation of
dihydroimidazole which subsequently undergoes
oxidative dehydrogenation in air under the reaction
conditions to give the 2-substituted benzimidazole
as shown in Scheme 2.

MK SOgH

A NH, o AN NHZH DN H
A, — O e Y
@u R N )\ K~y

Air

R

CMKS SO ‘

1
\ “
3

Scheme 2
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CONCLUSIONS

In summary, we have developed an efficient
approach and simple work up for the preparation of
2-substituted benzimidazoles by condensation of
acid sensitive, sterically hindered, and substituted
aromatic and aliphatic aldehydes with various 1,2-
phenylenediamines in the presence of CMK-5-
SOsH as a highly active, stable, reusable and eco-
Friendly catalyst.
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The adsorption behavior towards phenol of different modifications of activation carbon, prepared from
mixtures of coal tar pitch and furfural, was investigated. The structure and surface properties were
characterized using N, adsorption, IR spectroscopy and surface oxygen groups. The activated carbon,
obtained by pyrolysis in the presence of water vapor, has higher adsorption ability (150 mg g*) than the
other investigated samples - the oxidized carbon sample (126 mg g*') and the carbon sample thermally
treated (117 mg g*) up to 1300°C. The adsorption capacity towards phenol of carbon after thermal treatment
is similar to the oxidized carbon, in spite of reduced surface area and pore volume of the former. This is
probably due to the formation of water molecular clusters. The effect of the micropore structure was
discussed, which reveals that the adsorption towards phenol of activated carbon from mixture of furfural and

coal tar pitch correlates with its surface area and micropore volume.

Keywords: activated carbon, coal tar-pitch, furfural, adsorption, phenol

1. INTRODUCTION

In the last years a lot of countries, especially
these from Central and Eastern Europe (CER),
continue their efforts to resolve water management
problems in the very unique conditions of a
transition from the centrally planned to market
economies. These processes were accompanied
with expansion of heavy industries often using coal
as the main source of energy. The pollution effects
were intensified by the underpricing and overuse of
energy, water and other raw material inputs.
Limited steps have been implemented to improve
control and safety equipment as well as operating
procedures but not much more. As a result, water
pollution is one of the most important problems for
CER countries, inherited from the past.

In order to ensure consistent protection of
surface waters, the European Parliament and the
Council of the European Union has announced a
number of Directives on the Environmental Quality
Standards in the field of water policy. The
European Environmental Agency has included
different aromatic pollutants in the List of Priority
Pollutants to be monitored in industrial effluents
(Directive 2008/105/EC Environmental quality
standards for priority substances and certain other

* To whom all correspondence should be sent:
E-mail: goriva@orgchm.bas.bg

pollutants, 16 December 2008).

Both the environment and human beings are
exposed to the hazards of different pollutants
(organic, metal ions, etc.) from waste and potable
water.

Chemical pollution of surface waters is a
serious threat for the aquatic environment, with
undesired effects, such as acute and chronic
toxicity for aquatic organisms, accumulation in
ecosystems and loss of habitats and biodiversity, as
well as a threat to human health.

The aromatic organic compounds are frequently
present as polluting agents in continental waters,
especially phenolic substances, used in production
of pesticides, insecticides, surfactants, etc. As a
pure substance, phenol is used as a disinfectant, as
appetizing agent, as an extracting solvent, for
producing phenolic resins, etc. Phenols are also the
main organic constituents present in condensate
streams in coal gasification and liquefaction
processes. Other sources of waste stream waters
containing phenols are pharmaceutical, plastic,
wood products and pulp and paper industries.
Phenol-containing waste waters may not be
launched into open water without treatment
because of the toxicity of phenol [1]. Well known
characteristics of the phenolic chemicals are their
resistance  towards  biodegradation.  Phenol
compounds rated as No 11 in the list of 126
chemicals issued as priority pollutants by the
Environmental Protection Agency of USA. There
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are many methods such as chlorination [1],
catalytic and photocatalytic oxidation [2,3],
ozonation [4], nanofiltration [5], adsorption [6].
Thus, chlorination of phenol containing water leads
to formation of chlorophenolic substances, which
are well known as poisonous and carcinogenic;
ozonation and catalytic oxidation are related with
use of high doses of the active substance; phenol
removal by adsorption is suitable purification
process, but the high price of commercial activated
carbon decrease the economical efficiency of
removal of phenol by adsorption.

Therefore seeking novel effective adsorption
materials is still of recent interest. In this sense in
the last years a special emphasis on the preparation
of activated carbons from different waste materials
was made, because of the growing interest in low-
cost activated carbons, especially for applications
concerning treatment of drinking and waste waters.
Activated carbons can be produced from a large
variety of precursors. Usually used precursors
include bituminous coal, wood, peat, petroleum
pitch, polymer and biomass [7-12].

It is well known that coal tar pitches are
excellent raw materials in the carbon
manufacturing industry, because of their high
carbon content, low price and ability to produce
carbon with different structure and properties.
Chemical composition and physical properties of
pitches, which in turn influence their
transformation to carbons, are of great importance
for controlling the properties of the final product.
On the other hand, recent interest in the substances
of biomass origin has renewed the attention in
furan compounds. Earlier studies have shown that
furfural resin is a suitable oxygen-containing raw
material for the production of carbon adsorbents
with insignificant ash and sulphur content — it
should be noted that such activated carbons are
characterized with a large number of oxygen-
containing groups on the surface. Indeed, carbon
adsorbents with different structure and properties
have been prepared from mixtures of furfural and
biomass-derived tars, while optimizing the
operating conditions (including the composition of
the mixtures, activation reagents, pre-treatment of
the precursors, etc.) [13]. There are many sources
for the production of furfural because most
agricultural wastes contain sufficient quantities of
pentosans to justifiy industrial explotation by well-
established and relatively simple techniques [14].

In this paper, the application for the phenol
removal of new synthesized carbon adsorbents,
obtained from coal by-product (coal tar pitch) and
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furfural (waste material from pyrolysis of biomass),
was studied.

2. EXPERIMENTAL

2.1. Materials and methods

2.1.1. Synthesis procedure for preparation of
activated carbon from coal tar pitch and furfural

A mixture of coal tar pitch and furfural (45:55
wt. %) was treated with concentrated H.SO4 (drops
of H,SO, were added under continuous stirring) at
120 °C until solidification. The obtained solid
product was heated at 600 °C in a covered silica
crucible with a heating rate of

10 °C min?' under nitrogen atmosphere. The
carbonized solid was further submitted to steam
activation at 800 °C for 1 h (carbon A).

2.1.2. Oxidation treatment with HNO3

The synthesized material was oxidized in order
to incorporate of oxygen functionalities. For this
purpose, the sample Carbon A was oxidized with
HNOs. The oxidation treatment with HNOsz was
performed according to the following procedure:
about 10 g of the sample was treated with 100 mL
10% HNOs3 and boiled for 1 h. After that the
sample was washed with distilled water and dried
at 105°C and kept in dessicator until use. The
oxidized carbon was labeled as carbon B.

2.1.3. Thermal treatment

The activate carbon B was heated at 1300°C at
nitrogen atmosphere for 1 h in order to eliminate
the oxygen containing groups. This carbon was
labeled as carbon D.

2.2. Adsorbent characterization

2.2.1. Pore structure analysis

Nanotexture of the synthesized carbon materials
was characterized by N adsorption at -196°C,
carried out in an automatic volumetric apparatus
(ASAP 2020 from Micromeritics). Before the
experiments, the samples were outgassed under
vacuum at 120°C for overnight. The isotherms
were used to calculate specific surface area Sger,
total pore volume V7, micropore volume W, [15].

2.2.2. Chemical structure and composition

The samples were further characterized by
elemental analysis and Boehm’s titration to
determine the amount of oxygen incorporated after
oxidation treatment and the nature of the formed
surface functionalities [16]. Details of the
experimental procedure for Boehm’s titration have
been described elsewhere [17].
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The carbon samples were analyzed using FTIR
spectroscopy using Bruker IFS 113V. The samples
were mixed with potassium bromide and the
mixture was pressed into pellets to be used in the
analysis.

2.2.3. pH determination

The pH of the carbons was measured according
to the following procedure: 4.0 g of carbon was
weighed into a 250 mL beaker, and 100 mL of
water was added. The beaker was covered with a
watch glass, and the mixture was boiled for 5 min.
The suspension was set aside, and the supernatant
liquid was poured off at 60 °C. The decanted
portion was cooled down to ambient temperature
and its pH was measured to the nearest 0.1 pH unit.

2.3. Adsorption measurements

Phenol substance was obtained from Merck
(99% purity). The phenolic solutions were prepared
in unbuffered distilled water in the concentration
range of 100-250 mg L. About 100 mg of
activated carbons were mixed with 50 mL of
phenolic solution of the desired concentration, and
the suspensions were shaken for 2 h. The samples
were filtered and the equilibrium concentrations of
the phenolic compounds remaining in solution were

determined spectrophotometrically (at wavelength
269 cm?) by Pfaro 300 UV spectrometer. Each
determination is performed in triplicate.

3. RESULTS AND DISCUSSION

3.1. Characterization of carbon adsorbent
from coal tar pitch and furfural.

The elemental analysis of coal tar pitch shows
that the amount of oxygen containing structures is
not high, whereas the high C/H ratio indicates the
presence of considerable amount of aromatic
species in the pitch (Table 1). After carbonization
and activation of the mixture, a carbonaceous solid
is obtained with a final yield of 58 wt%. Analysis
of the chemical composition of carbon A shows
that, along with the prevailing content of aromatic
structures in the pitch, the resulting material has
relatively large oxygen content. This confirms the
fact that inserting oxygen in the carbon precursor
(i.e. furfural) leads to the formation of oxygen
containing structures on the surface of the final
product.

Table 1. Chemical composition and pH value of the coal tar pitch and the synthesized activated carbons (wt.%)

Sample Ash Volatiles (daf) C H N S e} C/H
Coal tar pitch - - 90.90 4.95 0.90 0.50 2.75 1.53
Carbon A 08 19 90.81 0.82 0.75 0.51 7.11 9.23
Carbon B 1.5 .1 86.77 102 130 056 1035  7.09
Carbon D 0.1 - 98 06 06 04 0.4 13.61

is comprised of carbonyl and phenolic

3.2. Chemical character of the surface by
Boehm’s titration of surface groups
The surface functionalities were further
characterized by the Boehm’s titration (Table 2).
Data shows that the surface chemistry of carbon A

functionalities, which render a basic character to
the adsorbent. Despite the large amount of oxygen,
the synthesized carbon also displays strong alkaline
character, as inferred from the pH value.

Table 2. Data corresponding to Boehm’s titration for the quantification and identification of the oxygen surface

groups on the activated carbons [meq g-1].

Sample Carboxylic Lactonic Phenolic Carbonyl Basic groups pH
Carbon A BDL BDL 0.210 1.356 0.778 8.1
Carbon B 0.109 0.239 0.456 1.767 0.330 3.7
Carbon D BDL BDL* BDL BDL 0.440** 9.7

*BDL — below detection limits
**hasic centers

After oxidation with nitric acid, as expected,
there is a slight enhancement in the overall oxygen
content, accompanied by a fall of the pH value,

confirming the different nature of the surface
functionalities, appearing upon oxidation. In
contrast, even if the groups of the parent carbon are
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well preserved, oxidation with nitric acid leads to
the formation of acidic groups (carboxyl and
lactonic structures), which are responsible for the
decrease in the pH of the carbon (ca. 4 pH units
fall).  Along with the incorporation of acidic
surface groups, a twofold decrease in the content of
basic groups was also observed after oxidation of
carbon A. This could be attributed to the
incorporation of the surface groups appearing at the
edges of the basal planes in the graphene layers,
thereby reducing the capacity of these sites to
accept H* ions (acting as Lewis base). Thermally
treated activated carbon (Carbon B) possess basic
centers and basic character of the surface (pH 9.7).

3.3. Pore structure

In a previous work [14], we have observed that
the furfural content has a strong effect on the
porosity of the resulting carbons. Lower
proportions of furfural give rise to activated
carbons with a narrow microporosity, which with
rising furfural content is gradually opened in favor
of large micropores and mesopores. That’s why
Carbon A was prepared with a moderate proportion
of furfural in the precursor mixture (45 wt.%), and
as a result it is characterized by a moderate BET
surface area and with an well developed
microporosity (Table 3 and Figure 1).

The nitrogen adsorption/desorption isotherms of
the carbon samples are shown in Fig.1. It can be
seen that the adsorption isotherms are of type I,
indicating a microporous material.

These porous features should be ideally adapted
for the removal of aromatics from aqueous phase.
Oxidation brought about a slight decrease in the
porous features of the carbon (likely due to the
boiling step during oxidation), although the fall in
the micropore volume accounts for only 16 %.
Thermal treatment at 1300 °C leads to decrease in
the surface area and micropore volume.
Summarizing, we have prepared three carbon
materials with various surface chemistry (oxygen-
enriched materials) and different basicity, which
are investigated towards adsorption of phenol and
to investigate the influence of oxygen containing

Table 3. Surface characteristics of the samples

groups on the adsorption of phenol from water
solution.
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Fig. 1. N2 adsorption isotherms at -196 °C of the
studied carbons (A — Carbon A; B — Carbon B; Carbon
D)

3.4. Adsorption isotherm of phenol

Fig. 2 shows the influence of the time of
treatment on the adsorption capacity of the carbons.
The initial adsorption rate is rapid and a plateau is
reached after 15 min for carbon A and 20 min for
Carbon B. Moreover, the amounts adsorbed with
time show smooth continuous curves in both cases,
with a well-defined saturation plateau. This
behavior is attributed to the decrease in the number
of available adsorption sites on the carbon surface
as the adsorption proceeds and only part of the
molecules of adsorbate retain. Comparatively, the
uptake is slightly faster in the most hydrophobic
sample (carbon A). The faster uptake on the
hydrophobic carbon A, compared to carbon B,
suggests that besides the enhanced water
adsorption of the carbon after oxidation, kinetic
restrictions for the accessibility of the aromatic
compound to the adsorption sites arise, probably
due to the fact that the water also competing for
these sites

Samp|e S BET Viot* Vmicro™* Vineso*™
Carbon A 678 0.316 0.216 0.030
Carbon B 487 0.217 0.113 0.010
Carbon D 287 0.151 0.080 0.028

* evaluated at p/po~0.99
** evaluated from DFT applied to N2 adsorption data
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Fig. 2. Effect of contact time on adsorption of phenol on
Carbon A.

Equilibrium studies on adsorption provide
information about the capacity of the sorbent or the
amount required to remove a unit of mass of
pollutant. The most widely used isotherm equation
for modeling the adsorption equilibrium is the
Langmuir equation, which is valid for monolayer

Thermally treated activated carbon (Carbon D)
has adsorption properties similar to this of oxidized
activated carbon (Carbon B), nevertheless that the
micropore volume and specific surface area
porosity of the first sample are lower (Table 4).
This indicates that the oxygen-containing groups of
Carbon B hinder the phenol adsorption.

Figure 4 shows the equilibrium adsorption
isotherms of phenol on all three activated carbons.
They belong to type L of Giles classification,
indicating that adsorption proceeds by the
formation of a monolayer in the range of
concentrations used [19].

sorption on to a surface with a finite number of
identical sites, and is given by the equation [18]:

Qeq = Qo bCeq/(1+b Ceq) (1)

where Ceq is the equilibrium pollutant
concentration  remaining in  solution  after
adsorption (mg L), Qeq is the amount of pollutant
bound to the adsorbent (mg g?), Q. is the maximal
amount of the pollutant per unit weight of
adsorbent (mg g*), and b is a constant related to the
affinity of binding sites (L mg?).

The adsorption capacity of phenol on activated
carbon A is higher than its oxidized form (Carbon
B) and than the thermally treated sample (Carbon
D). Moreover, the Langmuir linear fitting of
experimental data is very good (Fig. 3). The
parameters of fitting the experimental adsorption
equilibrium data are given in Table 4. The data
calculated from the Langmuir equation reveal a
pronounced increase of the maximal adsorption
capacity (Qo) for the activated carbon A.
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Fig. 3. Langmuir plot for adsorption of phenol.
Conditions: Phenol concentration, 100-250 mg. L-1, time
of treatment 1 h, carbon concentration, 100mg/50 mL.

Table 4. Results obtained from Langmuir equation applied to the adsorption isotherms of phenol compound

on the studied activated carbons.

Sample Q,, mgg?! b, gL? R?

Carbon A 150 0.00670 0.99074
Carbon B 126 0.03436 0.99813
Carbon D 117 0.00855 0.99717
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Fig. 4. Equilibrium adsorption isotherms of phenol
studied activated carbons, expressed in terms of the
amount adsorbed per gram of adsorbent [mg. g-1] and
per equilibrium concentrations [mg. L-1]

3.5. Effect of pore structure

Carbon A (with higher BET surface area and
micropore volume) shows higher adsorption ability
in comparison with carbon B and carbon D.
Obviously in this case the maximal phenol
adsorption capacity (Q,) of the activated carbons
increases with the surface area and micropore
volume.The adsorption capacity depends generally
on the accessibility of the organic molecules to
inner surface of carbon adsorbent. It is well known
that, to some extent, the adsorption of phenol is
mainly due to micropore filling especially in the
case of microporous carbons. In phenol solutions,
water molecules are preferentially adsorbed by the
oxygen groups and then the remainder of the
surface and/or micropore volume is available to the
phenol molecules — this was proven by our
investigations on the adsorption of phenol on
thermally treated activated carbon (carbon D),
which have similar adsorption ability with the
oxidized activated carbon  (carbon B). The
maximal adsorption capacity towards phenol of
activated carbon from mixture of furfural and coal
tar pitch correlates with its surface area and
micropore volume.

3.6. Effect of surface chemistry

Chemical nature of the surface of the activated
carbon is the most important factor - apart from the
porous structure - that determines its adsorption
properties. Table 2 shows the distributions of
different oxygen groups on the carbon surface.
Carbon B possesses acidic oxygen groups and
twice lower content of basic groups, compared to
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the initial activated carbon A. The data for Boehm
titratation were confirmed by the results for IR
spectra (Fig. 5), which show, that the bands at 1730
cm? and 1570 cm, assigned according to [20-22]
oxygen containing groups - mainly carbonyl and
carboxylic - increase in intensity after oxidation,
and decrease significantly after thermal treatment.

0.0

absorbance, a.u.

05 T T T
2000 1500 1000 500

wavenumber, cm™

Fig.5. IR spectra of the samples

Predominant impact of oxidation and reduction
of activated carbon surface on phenol adsorption
was pointed out by some authors. An experimental
and theoretical study of the adsorption of aromatics
possessing electron-withdrawing and electron-
donating functional groups by chemical modified
activated carbons was discussed in [23-25].

According to their results, the carboxyl and
hydroxyl groups inhibit the adsorption of phenol
and increase the affinity of carbon towards
adsorption of water molecules, and therefore, the
solvent molecules could effectively block some
micropores. This effect is explained by phenol
adsorption that is governed by =-m dispersion
interaction between the basal plane of carbon and
the aromatic ring of the adsorbate. Oxygen atoms
bound to the graphite edges can localize electrons
and, thereby, remove them from n-electron system
of the basal plane - consequently, the m-n
interaction is weakened. Contrary to these effects
of surface carboxyl and hydroxyl groups, the
surface of quinone (or carbonyl) groups promote
the adsorption of phenols, involving formation of
an electron donor-acceptor complex of aromatic
ring of adsorbate with the surface carbonyl groups,
as proposed by [26, 27]. The data in Table 2 show
that the formation of carboxylic groups and the
increase of the content of hydroxyl groups leads to
the decrease of the adsorption activity of Carbon B
towards phenol. However the higher uptake of
phenol on activated carbon A (150 mg g?) is to be
expected in the view of the above mentioned. Thus
adsorption of phenol on activated carbon is
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enhanced on hydrophobic carbon A, in comparison
with its oxidation modification carbon B (126 mg
g?).

It has been noted that during thermal treatment
(after which it is converted to Carbon D) of.Carbon
A losses approximately half of its specific surface
area . Carbon D shows adsorption ability towards
phenol very close to carbon B - this is indication
that when a porous carbon comes into contact |,
water will first adsorb on the hydrophilic polar
oxygen groups, including those located at the
micropore entrances, because water molecules can
form H-bonding with surface oxygen molecules
and water molecules are more competitive than
phenol towards adsorptive sites.

The adsorbed water molecules will be further
associated with each other to form water clusters,
which remarkably stabilized in micropores, causing
partial blockage of the micropores, reducing the
accessible surface area, and impeding or even
preventing phenol adsorption. As demonstrated by
the data shown in Table 2 thermal treatment can
substantially remove oxygen-containing groups,
thus lessening the possibility of the formation of
water clusters, and enhancing the accessibility of
the pores for phenol molecules, as well as
improving interaction. That’s why activated Carbon
D shows adsorption ability close to Carbon B,
independently that Carbon B posses more
developed texture and higher micropore volume.

3.7. Effect of pH

In this study the influence of pH on phenol
adsorption was investigated and interpreted. It was
established that the amount adsorbed decreases at
high pH values as well as at low pH values. The
pKa value for phenol is 9.89, so the adsorbed
species above this pH are mostly anionic. The The
repulsion interactions between the surface layer
and the anionic phenolates leads to reduced
adsorption. The low pH value was obtained by
using an acidic solution. Obviously additional
protons were introduced in the solution in this way,
and these protons are competing for the carbonyl
sites, and thus ‘blocking’ them - therefore the
adsorption was reduced at low pH. The influence of
the pH on the adsorption of phenol on both
activated carbons can be seen in Fig. 6.

At acidic pH the amount of phenol adsorbed,
Qo, remains constant or increases slightly with
increasing pH, and at a certain value of pH, the
value of Q, begins to decrease, which continues
while pH increases. The decrease in phenol
adsorption from pH = 6.3 to pH = 3.07 is due to the

increased H* adsorption on carbonyl sites, which
suppresses phenol adsorption on these sites.

100 -
90
80
70

60

% Removal phenol

50

40

pH

Fig. 6. Effect of pH on the retention of phenol (-
Carbon A; @ -Carbon B).

On the other hand, the decrease in the phenol
amount adsorbed from more alkaline solution is
attributed to the greater solubility of dissociated
phenol at pH> pKa as well as to the increased
repulsion forces between the dissociated form of
the adsorbate and the carbon surface.

CONCLUSIONS

The results reported in this work show that
mixtures of coal waste (coal tar pitch) and furfural
(material contained in biomass wastes) is
appropriate raw materials for the synthesis of
nanoporous carbons with negligible ash content
and well-developed porosity. The synthetic
activated carbon shows higher adsorption activity
towards phenol, comparable and higher in
comparison with other activated carbons reported
in the literature.

The adsorption capacity of the activated carbon
and its oxidized modification towards phenol
depends on the porous parameters and surface
chemistry, the latter governing the retention
mechanism — this is confirmed by the investigation
of phenol adsorption of thermally treated activated
carbon. Thermally treated sample, independently of
its lower surface area and micropore volume, has
adsorption capacity similar to the oxidized sample.
Non-specific interactions are dominant for phenol
adsorption on carbon A, whereas for the oxidized
adsorbent electrostatic interactions (repulsive
and/or attractive) may appear during adsorption
process, depending on the pH of the solution.
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N3BJIMYAHE HA ®EHOJI OT BAMBPCEHUN BO/JIY YPE3 AKTUBEH BBIJIEH, ITOJIYVUEH
OT OTIHAZAHU ITPOAYKTH OT ITPEPALOTKATA BBIJIMIIA

b. I'. Huanapcku ', b. H. ITetposa !, T. K. byaunosa '*, H. B. Ilerpos !, JI. K. Teogocues?

L Unemumym no opeanuuna xumus, bvazapeka akademus na naykume, yi. ,,Axao. I'. Bonues™, on. 9, Cogpusa 1113
2 Hnemumym no Kocmuuecku uscie0sanus u mexnono2uu, bvieapcka akademus na naykume, yi. ,, Axao. I'. Bonues”,
on. 1, Cogua 1113

IMocrenmna va 15 anpun, 2013 r.; kopurupana Ha 17 romn, 2013 .
(Pe3stome)

Bere n3cnenBana agcopOuusara Ha GeHON BbPXY Pa3IMYHU MOAWGDHUKALMH OT aKTHBEH BBIJICH, ITOJy4€H OT CMEC OT
KaMEHOBBIJIEH ek u hypdypoi. Texcrypara, mopbo3HaTa CTPYKTypa M XMMHUUYECKHAT XapakTep Ha MOBBbPXHOCTTA Osixa
M3CIIE/IBAaHU TIOCPEJCTBOM a/copOrms Ha a3oT, MY crieKTpocKomust U KUCIOPOIHH (YHKIMOHAIHU TPYIMd. AKTUBHUST
BBIJIEH, MIOJIy4EH Ype3 IUPOIIH3 B IPUCHCTBHE HA BOJIHA Mapa, MMa MO-BUCOKa ajcopOimonHa criocooHoct (150 mg g?)
CIIPSAMO JIPYTUTE U3CIIE/IBAHM aKTHBHU BBIJIEHU — OKUCIIEH BbrieH (126 mg g1 ) u Bbruen, repmuyecku obpaboren (117
mg g1) 1o 1300 °C. AncopOUMOHHHUST KalanuTeT copsiMo (PEeHON Ha TePMUYECKH 0OpabOTeHHUs aKTHBHUS BBIJICH €
MHOT0 OJIM3BK /10 KalaluTeTa Ha OKUCIICHUS BBIJICH, HE3aBUCUMO OT I0-HUCKaTa CTOWHOCT Ha CelU(pHUYIHA TTOBBPHOCT
u obema Ha mopute. ToBa BEpOATHO ce IBIKM Ha OOpa3yBaHETO HA BOAHM acoluaTd. Pe3ynTaTuTe HOKa3BaT, 4e
ajzcopOnmsTa Ha ()EHON BBPXY aKTHBEH BBIJICH, MOJy4eH OT cMec Hadypdypos U KaMEHOBBIVIEH IIEeK, KOpEIHpa ChC
crenuduyHaTa MOBEPXHOCT M 00eMa Ha MOpHTE.
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Zataria multiflora Boiss. is an aromatic shrub belonging to the family Lamiaceae and its aerial parts are used in
traditional medicine, pharmaceutical and food industries. In the present study, the content and chemical composition of
the essential oils from regenerated plants grown ‘in vitro® were assessed by gas chromatography-flame ionization
detector (GC-FID) and gas chromatography-mass spectrometry (GC-MS) and compared with those of wild plants. In
total, 29 and 16 compounds were identified and quantified in wild and in vitro regenerated plants, representing 99.6%
and 99.4% of the total oil, respectively. The major identified components in the oil from wild and in vitro regenerated
plants were carvacrol (35.0% and 49.2%), thymol (9.6% and 11.8%), p-cymene (11.7% and 5.8%), carvacrol methyl
ether (7.5% and11.3%) and y-terpinene (4.7% and 9.4%). The oils were dominated by oxygenated monoterpenes
followed by monoterpene hydrocarbons. Our results indicate that in vitro propagated plants produce oil more rich in
oxygenated sesquiterpenes than wild plant. Quantitative and qualitative variations were observed both in wild and in
micropropagated plants in relation environmental factors. Thus, micropropagation provides plants suitable for the

industrial exploitation of this species.

Key words: Zataria multiflora Boiss., Lamiaceae, essential oil, in vitro culture, thymol

INTRODUCTION

The family of Lamiaceae is one of the largest
and most distinctive families of flowering plants,
with ca. 258 genera and 6970 species worldwide.
Lamiaceae with 46 genera and ca. 420 species and
subspecies have a great diversity and distribution in
the flora Iran [1-3]. Altogether 124 species and
subspecies (30%) of this family are endemic to Iran
[4]. Lamiaceae plants are well known for the
essential oils and many biologically active oils have
been isolated from various members of this family
[5-7]. Some are one of the major sources of
culinary, food flavoring, vegetable, and medicinal
plants all over the world. A wide range of
compounds such as terpenoids, phenolic
compounds, and flavonoids have been reported
from the members of the family [8-10].

Zataria multifora Boiss. as a suffruticose
perennial shrub with 40-80 cm height is a member
of this family and is known by the common Persian
name of "Avishan Shirazi". The plant grows wild
on the rocky and gravelly slopes from south to
central parts of Iran in the Saharo-Sindian and
Irano-Turanian regions and also in Pakistan and
Afghanistan. Z. multifora has thyme-like fragrance

* To whom all correspondence should be sent:
E-mail: m-mirjalili@sbu.ac.ir

and its generic name is derived from the arabic
word "za'tar", meaning thyme [11]. Z. multifora is
extensively used in traditional medicine as a
condiment, antiseptic, analgesic (pain-relieving)
and carminative (anti-flatulence and intestine-
soothing). Biological activities of the plant have
been also attributed to essential oil containing
mainly phenolic compounds, thymol and carvacrol
[12-15].

In recent years the monograph of Z. multifora
has been introduced and presented in Iranian herbal
pharmacopoeia [16]. According to this monograph,
main chemical constituent of the plant has been
described as carvacrol (61.0 %) and thymol (25.0
%) and also its herbal drug should contain at least
0.6 % oil. The huge amounts of herbal drugs of this
species are harvested from the wild every year and
are sold in the inner markets or exported. In recent
years several pharmaceutical and cosmetic products
have been introduced to the market by
pharmaceutical companies [16].

Owing to over-exploitation of wild plants for
commercial purposes and a low propagation rate in
nature, Z. multifora is now almost extinct and is
listed as an extremely vulnerable species in Iran
[17]. In vitro culture offers a viable approach to
propagate this species since it can also be used as a
complimentary strategy for conservation and
utilization of genetic resources. Further, in vitro
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plant regeneration through axillary bud culture is
large number of consistently uniform and true-to-
type plants within a short span of time, but also
offer an alternative to field agriculture to
manufacture economically important secondary
metabolites such as flavors, dyes, and
pharmaceuticals within  controlled Ilaboratory
environments [18,19]. Recently developed in vitro
propagation techniques offer high-rate
multiplication  alternatives  for  plants  of
horticultural, economical and medicinal importance
[20], as well as medium- to long-term conservation
of valuable germplasm by means of slow growth
storage and cryopreservation [21]. Although the
essential oil of Z. multifora has been studied
previously [22-24], but to the best of our
knowledge, there is no data reporting aroma
composition of the essential oil obtained from in
vitro regenerated plants. Further, we speculate that
in vitro plantlet culture may offer a means to
procure essential oil compounds in vitro at the
commercial level. In the present work, the chemical
composition of the in vitro regenerated Z. multifora
oil isolated by hydrodistillation was studied and
compared with those of wild plants for the first
time. These results can be considered for further
strategies like in vitro shoot cultures for enhanced
production of valuable phenolic terpenoids as
thymol and carvacrol on a large scale.

EXPRIMENTAL

Plant material

The aerial parts of Z. multiflora were collected
at vegetative stage from Jiroft (28° 41’ N, 57° 42' E
at an altitude of 710 m), Kerman Province, Iran. A
Voucher specimen has been deposited at the
Herbarium of Medicinal Plants and Drugs Research
Institute (MPH), Shahid Beheshti University,
Tehran, Iran.

In vitro regeneration

In vitro shoot proliferation of Z. multiflora were
performed by culturing of internodal segments (3
cm) of wild growing stock plant on Murashige and
Skoog (MS) medium [25] fortified with 1.5 mg/L
BAP plus 1.0 mg/L IBA. Rooting of proliferated
shoots was also performed on B5 medium [26]
supplemented with 1.5 mg/L IBA. The cultures
were incubated at 25 + 2°C under a 16-h
photoperiod, with light provided by cool daylight
fluorescent lamps (40 pmol™ m™? s™), and were
proliferated by monthly subcultures to fresh
medium of the same type.

Essential oil isolation

not only an easy and economic way of obtaining a

The essential oil of air-dried samples (30 g) was
isolated by hydrodistillation for 3 h, using a
Clevenger-type apparatus, recommended by the
British Pharmacopeia [27]. The essential oil was
dried over anhydrous sodium sulfate (Na,SO,) and
kept at 4°C in dark vial until analyzed and tested.

GC-FID analysis

GC analysis was performed using a
Thermoquest gas chromatograph with a flame
ionization detector (FID). The analysis was carried
out on fused silica capillary DB-5 column (30 m x
0.25 mm i.d.; film thickness 0.25 pm). The injector
and detector temperatures were kept at 250 °C and
300 °C, respectively. Nitrogen was used as the
carrier gas at a flow rate of 1.1 ml/min; oven
temperature program was 60-250 °C at the rate of 4
°C /min and finally held isothermally for 10 min;
split ratio was 1:50.

GC-MS analysis

GC-MS analysis was carried out by use of
Thermoguest-Finnigan gas chromatograph
equipped with fused silica capillary DB-5 column
(60 m x 0.25 mm i.d.; film thickness 0.25pm)
coupled with a TRACE mass (Manchester, UK).
Helium was used as carrier gas with ionization
voltage of 70 eV. lon source and interface
temperatures were 200 °C and 250 °C, respectively.
Mass range was from 35 to 456 amu. Oven
temperature program was the same given above for
the GC.

Identification and quantification of the oil
components

The constituents of essential oils were identified
by calculation of their retention indices under
temperature-programmed conditions for n-alkanes
(C¢—Cy4) and the oil on a DB-5 column under the
same chromatographic conditions. ldentification of
individual compounds was made by comparison of
their mass spectra with those of the internal
reference mass spectra library (Adams and Wiley
7.0) or with authentic compounds and confirmed by
comparison of their retention indices with authentic
compounds or with those of reported in the
literature [28]. For quantification purposes, relative
area percentages obtained by FID were used
without the use of correction factors.

RESULTS AND DISCUSSION

The hydrodistillation of the air-dried aerial parts
of wild and in vitro regenerated Z. multiflora gave
yellow pale oils in 2.6 and 0.9 (w/w%, based on dry
weight)  yield, respectively. The chemical
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composition of the oil
investigated using both GC-FID and GC-MS
techniques. Qualitative and quantitative analytical
results are listed in Table in the order of their

Table. Essential oil composition of wild and in vitro regenerated plants of Zataria multiflora

samples was mainly elution on

the

DB-5

column. GC-FID

chromatograms of the essential oils from wild and
in vitro regenerated plants with identified major
compounds are shown in the Figure 1.

% e
No. Rla Compounds Wild In vitro regenerated Identification
methods
plant plant
1 929 a-Thujene 1.2 0.4 RI, MSb
2 939 a-Pinene 5.0 0.6 RI, MS, Colc
3 954 Camphene 0.4 - RI, MS
4 983 B-Pinene 1.9 0.2 RI, MS, Col
5 088 Myrcene 2.0 1.2 RI, MS, Col
6 1008 a-Phellandrene 0.3 0.1 RI, MS
7 1020 a-Terpinene 1.8 1.5 RI, MS
8 1028 p-Cymene 11.7 5.8 RI, MS
9 1032 Limonene 0.9 - RI, MS, Col
10 1035 1,8-Cineol 1.6 - RI, MS, Col
11 1060 y-Terpinene 4.7 94 RI, MS
12 1069 cis-Sabinene hydrate 0.6 1.0 RI, MS
13 1091 Terpinolene 0.3 - RI, MS
14 1097 Linalool 2.6 - RI, MS, Col
15 1101 trans-Sabinene hydrate 0.3 - RI, MS
16 1182 Terpinen-4-ol 1.6 0.2 RI, MS
17 1196 a-Terpineol 1.5 - RI, MS
18 1202 cis-Dihydro carvone 0.2 - RI, MS
19 1233 Thymol methyl ether 1.1 - RI, MS
20 1244 Carvacrol methyl ether 7.5 11.3 RI, MS
21 1288 Thymol 9.6 11.8 RI, MS, Col
22 1305 Carvacrol 35.0 49.2 RI, MS, Col
23 1352 Thymol acetate 0.5 - RI, MS
24 1371 Carvacrol acetate 2.8 0.5 RI, MS
25 1435 (E)-Caryophyllene 2.3 4.8 RI, MS
26 1454 Aromadendrene 0.4 - RI, MS
27 1508 Viridiflorene 0.2 1.4 RI, MS
28 1593 Spathulenol 0.4 - RI, MS
29 1600 Caryophyllene oxide 1.2 - RI, MS
Monoterpene hydrocarbons 31.1 20.2
Oxygenated monoterpenes 64.0 73.0
Sesquiterpene hydrocarbons 2.9 6.2
Oxygenated Sesquiterpenes 1.6 -
Total identified 99.6 99.4

Retention indices relative to C6-C24 n-alkanes on a DB-5 column; °mass spectrometery; co-injection with authentic

compounds

364



M. Ghasemi et al.; Chemical profiles of the essential oil of wild and in vitro regenerated Zataria multiflora Boiss. (Lamiaceae)

Wild plan ’

} I L1

..—m-mafwlamwn—mmw.‘w«mh—ﬁ

Fig. 1. Gas chromatography—flame ionization detector
(GC-FID) chromatograms of the essential oil from wild
and in vitro regenerated Zataria multiflora Boiss.

In total, 29 and 16 compounds were identified
and quantified in wild and in vitro regenerated
plants, representing 99.6% and 99.4% of the total
oil, respectively. The major identified components
in the oil from wild and in vitro regenerated plants
were carvacrol (35.0% and 49.2%), thymol (9.6%
and 11.8%), p-cymene (11.7% and 5.8%), carvacrol
methyl ether (7.5% and 11.3%) and y-terpinene
(4.7% and 9.4%).

Chemical structure of the major identified
components is shown in the figure 2.

2909

o-Pinene (2) Myrcene (5) p-Cymene (5) y-Terpinene (12) Linalool (15)

o b o i

Carvacrol methy] ether (20) Thymol (22)

H

(E)-Caryophyllene (25)
Fig. 2. Chemical structure of the major identified
compounds in the essential oil of wild and in vitro
regenerated Zataria multiflora Boiss.

The classification of the identified compounds,
based on functional groups is summarized at the

Carvacrol (23)  Carvacrol acetate (24)

end of Table. The oils were dominated by
oxygenated monoterpenes (64.0 and 73.0% in the
oils from wild and in vitro plants, respectively)
followed by monoterpene hydrocarbons (20.2 and
31.1% in the oils from in vitro and wild plants,
respectively). It was found that the chemical profile
of the essential oil from in vitro regenerated plant is
qualitatively different than wild plant oil. The
essential oils of wild and in vitro regenerated plants
comprised 13 and 9 monoterpene hydrocarbons, 11
and 5 oxygenated monoterpenes, 3 and 2
sesquiterpene hydrocarbons, respectively (Table).
Monoterpene hydrocarbons camphene, limonene,
terpinolene and trans-sabinene hydrate were absent
in the essential oil profile of in vitro regenerated
plants. 1,8 Cineol, linalool, a-terpineol, cis-dihydro
carvone, thymol methyl ether and thymol acetate as
oxygenetaed monoterpenes were not detected in the
essential oil obtained from regenerated plants
grown ‘in vitro’. Oxygenated sesquiterpenes
spathulenol and caryophyllene oxide were only
detected in the essential oil of wild plant. Our
results showed that both wild and clonally
propagated plants contained high levels of
monoterpene hydrocarbons p-cymene and -
terpinene  (Table). However, the relative
concentration of p-cymene was higher and v-
terpinene was lower in the wild plant; as well, a-
pinene was also higher. A major difference between
the oils from in vitro and in vivo Z. multiflora plants
was observed in the content of oxygenated
monoterpenes; in the oil from micropropagated
plants the amount of the oxygenated monoterpenes
carvacrol, thymol and carvacrol methyl ether was
higher than that found in the oil from in vivo plants.
Similarity in the chemical composition of essential
oils from in vitro and in vivo plants has been
reported by some other authors [29-31]. For
example, Kuzma et al. (2009) [29] have reported
that a chemical profile of the essential oil from
Salvia sclarea in vitro plants was similar to that of
the control mother plants, with linalool as the main
compound. It has been also reported that a chemical
profile of the essential oil from in vitro grown
Origanum vulgare L. ssp. hirtum was comparable
to that in vivo plants [31]. On the other hand,
comparative studies on the essential oils from in
vitro and in vivo plants of Salvia przewalskii
showed numerous differences between the two oil
profiles [32]. It has been reported that micro-
shoots, which are the normal sites for secondary
metabolism in nature, readily = manifest
commercially desired secondary metabolites in
vitro [19,33]. For example, in the Lamiaceae
family, essential oil synthesis occurs primarily in
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the leaf epidermal cells and storage primarily in
glandular leaf trichomes [34]. Examination of the
leaf surfaces of foliage from tissue culture plantlets
also reveals the occurrence of these leaf trichomes
and they also readily produce volatile essential oils
[33]. Our results revealed that Z. multiflora
plantlets grown in vitro are gquantitatively potent in
the production of the major essential oil
components as well as the wild plant. It can be
conclude that in vitro regeneration of Z. multiflora
would be of great interest for the cloning of
valuable genotypes, for example, the plants that
contain high level of phenolic terpenoids as
carvacrol and thymol. The rapid cloning may
represent a way to exploit the natural variability of
this species. This technique would also be useful to
mass produce this plant, relieving wild populations
from the pressure produced by intensive collection.
Further, these results strongly suggest that using in
vitro plantlets as a means to produce secondary
metabolites is possible for future commercial
applications.
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XUMHNYECKU ITPODPUIIN HA ETEPMYHO MACJIO HA IMBOPACTAALLI U UH-BUTPO
PETEHEPUPAHU Zataria multiflora BOISS. (LAMIACEAE)

M. T'acemu, M. X. Mupmxamunu*, Jlx. Xanuan

Jenapmamenm no ceacko cmonancmeo, Uncmumym 3a u3ciedgane Ha MEOUYUHCKU PACMENUs U IeKAPCMEd,
Yuueepcumem Llaxuo Bexewu, I. C., Esun, Texepan, Upan

Tlocrprmna Ha 24 ronu, 2013 r.; npuera Ha 5 aBrycr, 2013 r.

(Pesrome)

Zataria multiflora Boiss. e apomaTen xpact, npuHaaiIexanl Ha cemeiictBo Y crHousetHu (Lamiaceae), Y4unTo Ha(3eMHA
YacTH Ce M3I0J3BAT B TPAAMIMOHHATA MEIUIMHA, (apMaleBTUYHATA U XPAHHUTEIHO-BKYCOBaTa MPOMHUIILICHOCT. B
TEKYHIOTO MPOYYBAHE Ca M3CICABAHU ChIABPKAHUETO U XUMHUYCCKHUIT ChCTAB HA CTEPUYHUTE MACHa, MOIYYCHU OT
pereHepupaHy PacTeHUsl, OTIIIENAHH ,,MH BUTPO™ dYpe3 ra3zoBa xpoMaTtorpadusi — miaMbKOB HOHU3AMUOHEH JETEKTOP
(GC-FID) u razosa xpomarorpadus — mac crekrpomerpus (GC-MS) u cpaBHEHH ¢ Te3W HA JUBOPACTSAIIN PACTCHUSI.
06110 29 u 16 chequHeHNs ca UACHTU(DUIMPAHU U ONPEICIICHA KOJHMYECTBEHO ChOTBETHO B AUBOPACTSIIYU U UH BUTPO
OTIJICAaHU pacTeHus, mpeacTasisiBany 99, 6% u 99, 4% ot 061I0TO KOJMYeCTBO Ha MaciaTta. OCHOBHHUTE ONPEICIICHU
ChEIMHEHHMS B MACJIOTO OT JMBUTE U MHBUTPO PETCHEPUPAHUTE pacTeHus ca kapBakpou (35,0% u 49,2%), tumon (9,6%
u 11,8%), n-uumen (11,7% u 5.8%) metunoB erep Ha kapBakpona (7,5% u 11,3%) u y-treprunen (4,7% u 9,4%).
Macnata ChIbpKaT OCHOBHO OKHCICHM MOHOTEPIICHH, IMOCICIBAHH OT MOHOTEPIICHOBH BBIVICBOMOpOaH. Hamute
pe3yaTaTH MOKa3BaT, Y€ HMH BHUTPO pPa3MHOXKCHHTE pPACTCHHs MPOU3BEXKAAT Macia, M0-00raTH Ha OKHUCIICHH
CECKHTEPIIEHH B CpaBHEHHWE ¢ auBUTE. KadecTBEHM M KOJMYECTBEHM pa3jiMuusi Ce HaAOII0JaBaT KaKTO IpH
JIUBOPACTSIINTE, TAKA U B MUKPOPA3MHOXKEHHUTE PACTCHUS B 3aBHCHMOCT OT YCJIOBHATA HA OKOJHATa cpeaa. Tosa
MOKa3Ba, Y¢ MUKPOPAa3MHOXKABAHETO OCUTYPSIBA PACTEHUSI, TIOAXOMASIIN 38 IPOMHUIIIJICHOTO U3MOJI3BaHE HA TO3U BH/I.
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A technology for obtaining of a composite biodegradable film on the basis of sodium alginate and apple high
methoxyl (HM) pectin has been developed. Good mechanical characteristics have been established when using the
two polysaccharides in proportion 1:1. For them the ultimate tensile strenght (TS) was 53,53 MPa, the elongation at
ultimate strenght (E) was 34,48%, Young’s modulus (YM)- 202,84 MPa. The composite film showed very poor
solubility at low pH, including in a simulated gastric juice. At pH values above 4,0 the alginate films showed slower
and the composite films faster and complete disintegration in the medium. Due to the good mechanical
characteristics and selective solubility depending on pH, the composite sodium alginate-HM pectin films are
appropriate as material for encapsulating of biologically active substances or microorganisms with low activity or

survival, under conditions of low pH.

Key words: composite films, alginate, high methoxyl pectin, mechanical properties, dissolution

INTRODUCTION

A wide range of biopolymers are used as a base
for films, coatings and therapeutical systems with
application in medicine, pharmacy and food
industry.  Very often the obtained biopolymer
systems represent a monohydrocolloid layer of
proteins or polysaccharides. During the last several
years, however, the technological investigations
have been directed towards the development of
composite films, which are obtained by combining
of proteins, polysaccharides and/or lipids. They are
designed with the aim of using the synergetic effect
of the combined properties of the separate
components [1].

The salts of alginic acid and the pectins are an
example of polysaccharides with good film forming
properties. The alginates are hydrophilic
polysaccharides, extracted from various species
brown seaweed (Phaeophyceae). They are of
interest because of their unique colloid properties
and their capacity to form tridimensional networks
in the presence of polyvalent cations (for example
Ca”") in water medium as a result of which a gel or
an insoluble polymer are obtained [2,3]. By
chemical structure the alginates are unbranched
binary copolymers, built mainly of (1-4)-linked 3-D
-mannuronic acid and a-L-guluronic acid residues.
There are three types structural elements in the
alginates: B (1-4)-D-mannuronate (M-block), o-(1-

* To whom all correspondence should be sent:
E-mail: svetla.diankova@ikht.bg

4)-L-guluronate (G-block), and the third structure
contains both monomers in almost equal
proportions (MG-block)[2,3,4]. From the alginic
acid salts the sodium alginate is most frequently
applied in practice.

The pectins are plant polysaccharides. Their
primary structure is a branched chain, in which the
main chain consists of acid derivatives of the
hexoses (D-galacturonic acid) and the side chains
are built of pentoses(D-xylose and L - arabinose)
and hexoses (D — glucose and D - galactose). In the
main chain the units D-galacturonic acid are linked
by «-(1-4) glycoside link, ie. it is a
polygalacturonic acid to which side chains are
attached by B-(1-6) glycoside links. The carboxyl
groups of the galacturonic acid are partially
esterified with methanol and neutralized with metal
and ammonia ions obtaining different pectin
substances — pectins, pectates and pectic acids [5,6].

Between the full methylation and the complete
demethylation of the polygalacturonic acid there are
all intermediate stages of partial esterification
which results in a great variety in pectins from
different raw materials. It is known that the basic
index, exerting the greatest effect on the rheological
and physicochemical properties of pectin is the
degree of esterification (DE) by which is expressed
the percentage of the esterified —COOH groups
from the total number. Depending on the degree of
esterification pectins are divided
into 2 main categories — high methoxyl (HM) and
low methoxyl (LM) pectin, and the low methoxyl
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pectin is subdivided into 2 groups — conventional
and amidated. The degree of esterification of the
HM pectins varies from 50 to 90%. The LM pectins
(DE under 50%) are wusually obtained by
demethylation of the extracted pectins through
enzyme processes or by treating with acids or
ammonia in alcohol medium. HM and LM pectins
have a different mechanism of gel forming when
dissolved in water [7,8].

The wide use of alginates and pectins in the food
industry and medicine is dictated by the lack of
toxicity and alergenicity, and the unique colloid
properties. Both biopolymers are capable to form
gels in the presence of divalent cations [4,9]. The
alginate and the pectin form synergic mixed gels
which lead to structures completely different from
those of the pure biopolymers. They are of
particular interest when creating films with new
improved characteristics.

The nature of the synergy interaction between
pectin and alginate has not been fully clarified. The
rheological behavior of the mixed solutions and
hydrogels has been studied to a great extent [4, 10,
11], while the investigations in the field of the
physicochemical properties of the resulting
composite films are less developed.

The objective of the present investigation is the
preparation of a composite biodegradable film on
the base of sodium alginate and apple high
methoxyl pectin, and assessment of the
physicochemical and mechanical characteristics of
the obtained materials.

EXPERIMENTAL

Apple high methoxyl pectin
sodium alginate (Sigma Aldrich),
(Merck), calcium chloride p.a.

Materials:
(CpCelso),
glycerol p.a.
(Merck).

Biopolymer films preparation: Sodium alginate
(2,5%) and high methoxyl pectin (2,5%) were
dissolved in distilled water. Film forming
compositions were prepared by casting sodium
alginate and high methoxyl pectin aqueous
solutions at the following proportions: 100-0%
(AG), 75-25% (C;AG-P), 50-50% (C,AG-P) and
25-75%(C3AG-P). Glycerol was used as a
plasticizer (0.6g/g polymers). Four formulations
were mixed under continuous stirring (300rpm)
until a homogeneous solution was obtained, then
the stirring rate was reduced to 100 rpm while 0.1
M CaCl, (Iml/100ml) was added. The prepared
film forming solutions (FS) were poured onto Petri
dishes (0,325 g FS/cm?) and were dried under
vacuum (20 kPa, SPT-200 Vacuum Drier) at 35C.

Dried samples were immersed for 30 minutes in 10
ml of 0.3 M CacCl, solution to allow cross-linking,
and were washed with distilled water to remove
excess Ca®*. Films were dried at 25 C and
conditioned at 50 + 1% RH before testing.

Analysis of the source pectin: The content of
methoxy-groups, galacturonic acid and the DE was
determined by the method described in the
monograph for pectin in USP 23 [12].

Moisture content - by express weight method
with infrared dryer (Sartorius Thermo Control YTC
01L).

Determination of pH - pH-meter 3310 (Jenway).

Rheological tests - rotational viscometer
(Reomat 108), at temperature of the investigated
mixtures 20 +1°C.

Film thickness: The thickness of the films was
measured with a digital micrometer to the nearest
0.01+5% at five random locations on the film.
Mean thickness values for each sample were
calculated and used in mechanical properties
determination.

Mechanical properties: Mechanical properties
were determined according standard BDS EN ISO
527-2:2002 [13] with apparatus UMT: Macro
mechanical and tribology tester (CETR-USA).
Investigations were made for: strength at the
moment of destruction (Ultimate Strength,TS);
modulus of the elastic deformations (Young’s
modulus, YM); strength at plastic deformation
(Yield strength) and elongation at destruction
(Elongation at Ultimate strength, E). The results are
presented as average values of 6 measurements for
each sample.

In-vitro dissolution tests: Model systems,
simulating the conditions in the digestive tract were
used. Discs from the trial series (with area 1,77
cm?®) were put in simulated gastric juice (pH 2,0;
pepsin) and simulated intestinal juice (phosphate
buffer pH 8,0; enzyme complex - pancreatin),
prepared according to Charteris et al.[14].

Additionally a test was carried out with
simulated intestinal juice in Tris-buffer medium
with pH 8,0. The changes in the samples were
recorded at every hour as a percentage alteration of
the area. The results are presented as the mean of
three replicates.

Test for dissolution depending on pH. The effect
of pH on the disintegration of the different film
variants (alginate and alginate-pectin) was followed
up. Discs from each variant (with area 1,77 cm?)
were placed in buffer media with pH 2,0, 3,0, 4,0,
50, 60, 70, 80 and 90 The
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changes were recorded at every hour as a
percentage alteration of the area. The results are
presented as the mean of three replicates.

Statistical analysis. Results were analysed by
statistical program Minitab 15. One-Way ANOVA
and Tukey Test were used to determine statistically
significant differences (p<0.05).

RESULTS AND DISCUSSION
Analysis of the source pectin

The quantitative analyses of samples from the
source pectin product showed content of pure pectin
- 71,50%. As it is known the offered commercial
products besides pure pectin also contain neutral
sugars and other ballast substances. The content of
the galacturonic acid was 753,0 + 14,76 mg/g, and
of the methoxy groups - 68,50 + 2,36 mg/g. From
the obtained results was calculated the degree of
esterification which for this pectin type is 56,90%.
By DE the used pectin was determined as high
methoxyl but also with presence of a certain
percentage free carboxyl groups.

pH of the film forming solutions varies from
2,88 for the pectin up to 6,16 for the sodium
alginate (AG). The different variants film forming
solutions show pH values in the acid area: C;AG-P
- 4,25; C,AG-P - 3,78 and C3AG-P - 3,54.

Characteristics of the obtained films

Visually the films were homogeneous,
uninterrupted, with no brittle areas and without air
bubbles (Table 1). They were easily manageable
and flexible. The color of the alginate films varies
from transparent to lightly opaque. The films with
high pectin content were with lightly yellowish
nuance. The thickness of the obtained materials
depends on the applied technology and on the
drying conditions, and is an important parameter for
determining of the values of the mechanical
characteristics.  The most popular method for
producing of films with controlled thickness is the
pouring of a constant quantity film forming mixture
for a given area. We applied one and the same
proportion for the different variants - 0,325 g
FS/cm? as the obtained films were with thickness
from 0,039 up to 0,058 mm.

Table 1. Characteristics of films

In this investigation the calcium chloride was
used as gel forming and cross-linking agent. The
polyvalent cations such as Ca?*, play the role of
bridges between the anion polymer chains of the
alginate and build junction zones which form the
hydrogel network. The calcium ions are
preferentially linked with the G-blocks of the
alginate molecule due to the specific conformation
structure of the polyguluronic chains and the
presence of well defined places for chelate links
[15]. It is considered that the forming of gel for the
alginates follows the so called “egg-box” model
according to which the ion links are between the
calcium ions and two parallel G-chains.
Notwithstanding that new data from MNR
spectroscopy and x-ray diffraction suppose a
presence of a more complex three-dimensional
structure, the simple dimeric “egg-box” model is
still valid as it is principally correct and gives a
good idea of the linking properties of the alginates.

For the pectins with DE around 50%, the

jellying capacity depends on a majority of factors —
concentration of the pectin, the dissolved sugars,
pH value of the solution and the quantity of the
present calcium or other polyvalent cation. Gel
forming of pectin solution was observed at high
calcium ions concentration, which is an indication
for a certain interaction between the ions and the
HM pectin [16]. This process is not specific in
contrast to the “egg-box” mechanism for the
alginates and the LM pectins and according to Fang
et al. [4], is usually polyelectrolyte interaction.
The solutions of the two polymers were mixed very
well in all studied proportions. The adding of
calcium ions in low concentration (1,0 mM) leads
to an increase of the viscosity of the mixture at
places without local gel forming. For composition
C,AG-P, where the pectin and the sodium alginate
are in equal proportions, the obtained result for
viscosity was 386 mPa.s (at speed gradient 27,2 s™)
at the beginning and increased up to 1300 mPa.s
after adding of Ca®* . In such a way an easier
manipulation after water evaporation was achieved.
The real cross-linking of the resulting film took
place after immersion in 0,3M solution of calcium
ions.

Film forming solution C,AG-P was with pH-
value 3,78 — higher than pKa of the pectin which

Composition Appearance Thickness (mm) Residual moisture (%)
AG transparent, flexible 0,054 11,52
C.AG-P lightly opaque, flexible 0,050 12,82
C,AG-P lightly yellowish, flexible 0,048 14,10
C3AG-P lightly yellowish, flexible 0.043 14,20
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implies the presence of uncharged and charged
carboxyl groups. After adding of calcium ions
electrostatic as well as unspecific hydrophobic
interactions with the pectin and specific with the
alginate by the “egg box” mechanism were
realized.

The residual moisture in the end products
depends on a number of factors like the type of the
used polymer, the concentration of the plasticizer,
the conditions of cross-linking and drying. The
films with greater alginate content are with lower
residual moisture (Table 1). Up to a given
concentration the water contained in the film plays
the role of a plasticizer and increases the film
elasticity.  Residual moisture under 10%
deteriorates the mechanical properties of the films
and above 20% it can cause substantial changes in
the protective properties, it can increase the
permeability of the gases (or of the aromatic
components) and to induce a danger of bacterial
contamination.

Mechanical properties

Important parameters of mechanical properties are:
tensile strength, elongation and elastic deformations
modulus. The ultimate tensile strength (TS) is an
assessment of the mechanical resistance, owing to
the cohesion forces between the polymer chains.
The elongation at ultimate strength (E) is the
maximum change in the length of the tested
material before breaking, expressed in percentage
towards the initial length of the not deformed
sample. The elasticity modulus (Young’s modulus,
YM) is expressed as a ratio of linear stress to the
linear strain (Y= stress/strain). The slope of stress-
strain curve resulting from these tests present the
dependence between the elongation and the applied
strength (Fig. 1 and 2). The summarized results
from the tests for mechanical properties of AG and
C,AG-P are given in Table 2. The alginate films
(AG) showed the following values: TS - 18,30
MPa; E - 78,14 %. These results differ from some
data mentioned in literature [17,18,19], as the lower
TS values and the higher E values can be explained
with the differences in the alginate concentration,

Table 2. Mechanical characteristics of AG and C,AG-P

the applied plasticizer and the cross-linking
method. For the composite film C,AG-P the TS
value is 53,53 MPa, and E is 34,48%. Usually the
increase of TS leads to a decrease of the percentage
for E [18, 20]. The obtained values for Young’s
modulus increase from 16,61 MPa for AG up to
202,84 MPa for C,AG-P. The increased TS and
YM values and the decreased E values for the
composite films can be explained by the higher
cross-linking density when combining two anion
polysaccharides, which leads to the forming of a
more dense network and compact structure of the
film after solvent evaporation.

ss(MPa)
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@
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Fig. 1. The “stress-strain” curve for AG films

Stress (MPa)
\
\

Strain

Fig.2. The “stress-strain” curve for C,AG-P films

Mechanical characteristics Composition
AG C,AG-P
Mean SD SE Mean SD SE

Yield strength (MPa) 7,37 +0,54 +0,221 18.93 +3.84 +1.57
Ultimate tensile strength (MPa) 18,30 +0,68 +0,276 53.53 +4.25 +1.74
Young’s modulus (MPa) 16,61 +0,78 +0,319 202.84  +£21.08 +8.60
Elongation at Ultimate strength (%) 78,14 +6,12 +2,50 34.48 +4.32 +1.76
Toughness 7,503 +0,797  +0,325 9.229 +3.143  +£1.283
(J/mm3)

Energy at Yield point (J/Jmm3) 0,296 +0,041 40,017 0.324 +0.119  +0.048
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In-vitro dissolution tests

On Figures 3, 4 and 5 are presented the results
for the solubility of the films in simulated gastric
and intestinal juice, prepared with different buffer
media. These tests give a possibility to follows up
the disintegration profile when taken with food. In a
simulated gastric juice the pure alginate films kept
their form and wholeness during the period of
investigation, and for the composite film C,AG-P a
minimum disintegration was observed (10%).
Much higher level of disintegration was observed
when placing the samples in simulated intestinal
juice, prepared with phosphate buffer (Fig. 3 and
4).
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Fig. 3. Dissolution of alginate films in simulated gastric
(AG st) and intestinal (AG int) juice
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Fig. 4. Dissolution of composite films in simulated
gastric (C,AG-P st) and intestinal (C,AG-P int) juice

For AG the changes begin yet at the first hour
(40%) and reach up to 100% at the fourth hour. For
the composite films an even faster disintegration
was observed which reached 100% at the second
hour. The experiment with simulated intestinal
juice prepared with Tris buffer showed different
results (Fig. 5). In this case the alginate and
composite films were with a lower disintegration
level: AG reached 70% disintegration at the fifth
hour, and C,AG-P — up to 80% at the fourth hour.
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Fig. 5. Dissolution of alginate film (AG tris) and
composite film (C,AG-P tris) in simulated intestinal
juice with Tris- buffer

The investigated polysaccharide films kept
almost completely their wholeness at the low pH of
the simulated gastric juice. When pH of the
medium is under pKa of the respective uronic acids,
the penetration of the water molecules, the swelling
and the dissolving of the film were hampered. In
the case of artificial intestinal juice the solubility
was much higher, which is related not so much to
the activity of the enzyme complex but to the pH of
the medium. The buffer salts have an effect as
well. The faster dissolving in the phosphate buffer
is owing to the extraction of the calcium from
alginate-Ca®*/pectin-Ca®* complexes. When using a
Tris-buffer the disintegration of both film types was
slower and till the end of the period full dissolving
was not reached.

These observations were also confirmed by the
carried out tests for disintegration depending on the
pH of the medium (Fig. 6 and 7).

100
80
60
40
20

Dissolution %

Fig.6. Dissolution of alginate film (AG) for different pH

The AG samples, placed in solutions with pH
2,0, 3,0 and 5,0 preserved their wholeness till the
12" hour. In a solution with pH 6,0 the
disintegration of the film reached 60% at the 8"
hour. At pH 4,0, 7,0, 8,0 and 9,0, the alginate film
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was completely dissolved for a period from 1 to 3
hours. The results for C,AG-P showed a different
disintegration level compared to the pure alginate
films. Complete dissolving of the samples was
observed for solutions with pH 4,0, 5,0, 6,0, 7,0,
8,0 and 9,0. For the films placed in solutions with
pH 2,0 and pH 3,0 at the end of the period the
disintegration reached up to 20% and 75%,
respectively.

100
80

60

40

Dissolution %

20

Fig.7. Dissolution of composite film (C,AG-P) for
different pH.

CONCLUSION:

By combining of sodium alginate and high
methoxyl pectin were obtained well formed,
homogeneous and semi-transparent films. The
adding of pectin to the alginate film forming
solution in proportion 1:1 improves considerably
the film mechanical properties. The alginate and
alginate-pectin  films show no or very slow
dissolution at low pH, including in simulated
gastric juice. A difference is observed in the
behavior of the two film types at pH values above
4,0, as the composite films show faster and full
disintegration in the medium.

Due to the good mechanical characteristics and
the selective solubility depending on pH, the
composite alginate-pectin films are appropriate as
material for encapsulation of biologically active
substances or microorganisms, with low level of
activity or survival, under low pH conditions.
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IMPUT'OTBAHE U OXAPAKTEPU3NUPAHE HA KOMIIO3UTHN XUAPOKOJIOUJIHHN
OUJIMU OT HATPUEB AJITMHAT U METOKCWJIMPAH ITEKTUH

Cs. M. IsukoBa*, A. O. Conak;

Hncmumym no kpuobuonozus u xpanumenuu mexuonocuu, Cogus 1407, bvreapus;

Ioctenuna Ha 11 anpun, 2013 r.; npuera Ha 16 romu, 2013 1.
(Pesrome)

Pa3paboTena e TeXHOJIOTHS 3a MMOJTy4YaBaHe HAa KOMIIO3UTEH OMOpasrpaauM QUM Ha OCHOBaTa Ha HATPHEB aJTMHAT
U s1061K0B BUCOKOMeToKcnpan ( HM ) mekTuH. YCcTaHOBEHH ca JOOpH MEXaHUYHH XapaKTEPUCTUKH MPH M3MOJI3BaHE
Ha [[Bara ToJi3axapujaa B cboTHomenue 1:1. 3a Tax kpaiiHata sikocT Ha ombH ( TS ) e 53.53 MPa, yasmkeHHeTo npu
kpaitnata skoct( E ) e 34.48%, moxyasT Ha Sur ( YM ) — 202.84 MPa. KoMno3utHuAT GHHiaM Moka3Ba MHOTO ciaba
Pa3TBOPUMOCT IPH HUCKO pH, BKIIOYMTEIHO B cUMyJHpaH croMaiieH cok. [1pu croiinoctn Ha pH Hax 4.0 anrunatHuTe
¢mIMHu 1MoKa3BaT M0-0aBHO, a KOMITO3UTHHTE (HMiIMH — MO-OBpP30 W MBIHO pa3manaHe B cpemarta. biaromapenme Ha
I0OpUTE MEXaHWYHHM XapaKTEPHCTHKU W CEJICKTUBHATA Pa3sTBOPHMOCT B 3aBHCHUMOCT OT pH, KoMmo3uTHuTE (GUIMH
anruHaT — HM-TIeKTHH ca NOAXOISMIM KAaTo MaTepuall 3a KalcyJoBaHe Ha OWOJIOTMYHO aKTHBHH BELIECTBA HJIM
MHKPOOPTaHH3MH C HUCKA aKTHBHOCT HJIM OLICJISBALIN IIPH YCIOBHA Ha HUCKO pH.
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Attenuation effect through methylene group: Part 11 [1]
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Asimple, new and lucid protocol is presented in this article for the evaluation of the Hammett reaction constant (p)
of the deprotonation process of arenium ions XC.HS = XC.H- + HT based on the attenuation effect of methylene
group on the dissociation equilibriums of anilinium ions, benzyl ammonium ions and 2-phenylethyl ammonium ions.

Key words: Hammett reaction constant (p), attenuation effect, arenium ions.

INTRODUCTION

Benzoic acid dissociation equilibriums and the
chemical reactivity of meta- and para-substituted
benzene derivatives were well explained by
Hammett equation? in terms of two parameters the
Hammett substituent constant (o) and the
Hammett reaction constant (p). Thus the Hammett
equation  for  benzoic acid  dissociation
equilibriums is:

log Kx = log Ky + po (1)

Kx and Ky are acid dissociation constants of
substituted and un-substituted benzoic acids
respectively. The Hammett reaction constant (p) is
a measure of the magnitude of the effect of
structure on the benzoic acid dissociation
equilibriums.

DISCUSSION

First let us see the dissociation equilibriums of
arenium ions and different aryl ammonium ions
with increasing length of carbon chain between
ionizable proton and the ring carbon atom.

H H
H+
= @ Hammett's p=17.1
+H
X X

number of atoms between ionizable proton and ring carbon atom =0

H H
N
N NH,

------------ (4) Hammett's p =1.06

number of atoms between ionizable proton and ring carbon atom = 2

* To whom all correspondence should be sent:
E-mail: jagannadham1950@yahoo.com

H HoH
N
N

-------------- (5) Hammett's p = 0.61

number of atoms between ionizable proton and ring carbon atom = 3
To the best of the authors knowledge, as the pK,
values were not available of the arenium ion
dissociations in literature, the Hammett reaction
constant (p) for the equilibrium 2 i.e. for the
dissociation of arenium ions was evaluated from
the relative stabilities® as a function of Hammett ¢
values. The Hammett reaction constant (p) for the
equilibriums 3 and 4 were evaluated from the
respective plots of pK, values of the dissociation
equilibriums of anilinium and benzyl ammonium
ions versus Hammett o values. The pK, values of
dissociation equilibriums of anilinium ions and
benzyl ammonium ions are from references 4 and
5 respectively. The Hammett reaction constant (p)
for the equilibrium 5 was evaluated from the pK,
values of only two 2-phenylethyl ammonium
ions®, one is un-substituted and the other is 4-OH
substituted.

The substituent effects from the benzene moiety
could be spread effectively to the reaction center
through resonance. The spreading is more
predominant if the conjugated w-electron system
is present between the reaction center and the
substituent and due to its polarization. This will
diminish more rapidly upon introducing
methylene groups between the ionizable proton
and the ring carbon atom. The sp® hybridized —
CH.— group acts as a o-electron insulator.
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This is observed in the above equilibriums 2-5.
As such the Hammett reaction constant (p)
decreases as the number of methylene groups are
increased. This is well explained by Andrew
Williams' by an empirical equation (eqn. 6):

p=m" (6)

Where ‘m;’ is a constant and ‘i’ is the number
of atoms between the ionizable proton and the
ring carbon atom. This could be seen as a
beautiful exponential decay curve (figure 1):

Figure 1: Plot of Hammett p versus i ( the number of atoms
between the ionizable proton and the ring carbon)

20 T T T T
r=0.9902

. p = 17.0 (obtained from the plot of relative

stabilities of arenium ions vs o©)

15 -
<——— p =14.3 (obtained from this work when i = 0.00)

10 Curve fit is done using the equation r = m1 @

(see text)

/ y =m17(2-m0)

Value Error

s | ml 3.7765| 0.24077 i
Chisq 0.11651 NA
0.99022 NA

point for 1-hydroxy
pyridiniu‘m ion

0
0 0.5 1 15 2 25 3 35

From equation 6 it is clear that if i = 0, i.e. if
there are no atoms between the ionizable proton
and the ring carbon atom, the example would be
arenium ion itself. Then the Hammett p value
would be m1@-" = m1?-9 Here, from the curve
fit of the data, m1 was found to be 3.78 (see box
in the figure). Thus the Hammett p value would
be (3.78)? = 14.3. The value obatained from the
Hammett plot of arenium ion stabilities versus
Hammett o was found to be 17.0. The value from
the present work is less by a factor of 1.19 than
the calculated value from arenium ion stabilities.
Yet the trend is unmistakable.

Another notable observation is that about the
Hammet p value for the dissociation equilibriums
of 1-hydroxy pyridinium ions (equilibrium 7). 1-
hydroxy pyridinium ion is nothing but the
protonated pyridine-N-oxide.

OH o

'\‘|+ N*

H+
= - =
‘ ‘ .......... (7) Hammett's p = 3.2
+H'
X

number of atoms between the ionizable proton
and the ring atom is zero
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X

Hammet p value of 3.2 of this dissociation
equilibrium is obatained from the plot of pK,
versus Hammett o values. The pK, values are
from reference 8. The Hammitt p value, though it
did not fall on the line of fit of the plot of p versus
i but it is very close to the line of fit (figure 1).
This clearly shows that whether the benzene ring
atom is carbon or nitrogen and whether it is a
nitrogen acid or oxygen acid, if the number of
atoms between the ionizable proton and the ring
atom are same for two types of acid dissociation
equilibriums, the Hammett p values would be
more or less the same. Here it is the comparision
between the dissociation equilibriums of 1-
hydroxy pyridinium ions and anilinium ions for
which there is only one atom between ionizable
proton and the ring atom. In the case of 1-hydroxy
pyridinium ion it is ‘oxygen’ and in the case of
anilinium ion it is ‘nitrogen’. Therefore it is not
the nature of a particular atom that plays the role
but it the only number that matters in creating the
o-electron insulation. But the atom should have an
sp® hybridization.

The following equilibrium (equation 8) is the
dissociation of pyridinium ions. The value of ‘i’ is
zero. That is there are no atoms between inizable
proton and the ring atom.

N

+
= -H =
/@ @ .......... (8) Hammett's p = 6.6¢
+H"
X

number of atoms between the ionizable proton
and the ring atom is zero

Hence it should reflect the property of the
dissociation of arenium ions with respect to
Hammett p. But to our surprise the Hammett p
value obtained from the plot of pK, versus
Hammett o value was found to be only 6.65
which is far less than the value of 14.3 obtained
form this work or 17.1 from the arenium ion
stabilities. The pK, values of pyridinium ion
dissociation equilibriums are from references 8
and 9. This discrepancy could not explained at
present.
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B Ttasm crarms ce MNpeaACTaBsA HOB IIPOCT U SICCH MNPOTOKOJ 3a U3YMCIIIBAHC Ha PCAaKIMOHHATA KOHCTAHTA Ha

Xamer (p) 3a mporeca Ha JACHPOTOHHMpPAHE HA apeHHMEBU OHU , GasupaH ocnabBaHEe HA METHJICHOBU TPYIH CIIOPEX
JMCOLIMAlMOHHUTE PABHOBECHS HA AHWJIMHOBU HOHH, OCH3WII-aMOHHCBH HOHU 1 2-()SHUIICTHII aMOHHCBH HOHU.
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The electrochemical behaviour of high nitrogen SS in comparison of conventional grade 304 SS was examined in
aqueous 3.5% chloride solution at 20-80 °C using open circuit potential vs. time, potentiodinamic and galvanostatic
tests. The raising of the temperature was found to have no important influence on the corrosion potential, but destabilise
the passive film formation on both steels. At the critical value of anodic polarisation the passive films were damaged
and pitting corrosion occurs at lower potential with the increasing of temperature. The high nitrogen steel demonstrates
faster formation of passive films, but pitting potential of this steel is more sensitive to temperature changes in
comparison with those of chromium-nickel one. The temperature has slight influence on repassivation process, which is
generally steel composition dependent. At all experimental conditions the nitrogen steel has greater difficulty to

repassivate.

Keywords: corrosion resistance; pitting; stainless steel; temperature; sodium chloride; anodic polarisation.

INTRODUCTION

The establishment of the behaviour of new steel
grades in different corrosive conditions is critical
for determination of the areas of their practical
application. Typically stainless steels are used in
environments where they are resistant to general
corrosion, but may be affected by local forms of
corrosion such as pitting. For example, the stainless
steels have found widespread marine and industrial
applications, wherein the presence of aggressive
chloride ions is frequently combined with a change
of the operating temperature. That is why the
characterisation of corrosion resistance of a new
steel grade is usually performed in chloride media
and aims to assess the impact of the factors that can
affect the rate of penetration of chloride ions in the
passive layer to provoke development of pitting, as
well as those factors affecting the contents and the
pH of the solution inside growing pits. Such
parameters are the temperature and the degree of
the anodic polarisation.

The spontaneous or applied anodic polarisation
of the steel in concrete corrosive environment
provides the possibility of occurrence and
development of pitting. To maintain a stable
passive state of stainless steel, the potential should
not exceed certain critical value called pitting
initiation potential. Its value depends on a number
of internal and external factors, among which is the

* To whom all correspondence should be sent:
E-mail: borianatz@tu-sofia.bg

temperature of the system [1-3]. Generally the
raising of temperature accelerates the rate of kinetic
limitation reactions as well as the diffusion
processes in the electrolyte. Furthermore the
temperature directly affects the content of oxygen
dissolved in the corrosion environment, and hence
the rate of formation and stability of the protective
layer of stainless steels. It is well known that the
rate of transport and chemisorption processes in the
passive layer is accelerated at elevated temperature
[4]. The result is thinning of the passive layer in
some electrochemically active sites which causes
local rupture. On the other hand, the high
temperature increases desorption of chloride ions
and accelerates diffusion processes between the
solutions inside and outside the pit. These processes
impede respectively the reaching a critical surface
chloride concentration needed for breakdown of the
passive film and make difficult maintaining of
favourable conditions for the stable pit growth.
Consequently, interpretations of the influence of
temperature on the corrosion resistance of the steels
are complex and often occasional [3, 5]. This
necessitates the effect of temperature on the
corrosion  behaviour to be defined only
experimentally.

This paper presents research on the influence of
the temperature on the corrosion behaviour of high
nitrogen austenitic chromium steel Cr23N1.2,
developed at Institute of Metal Science - BAS in
3.5% NaCl. As a reference steel the conventional
SS 304 (Cr18Ni9) was used.

378 © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL PART

Two types of austenitic stainless steels have
been investigated in this work: high nitrogen
chromium steel Cr23N1.2 (22.35% Cr, 1.23% N,
1.10% Mn, 0.04% C, 0.36% Si, balance Fe) and
conventional steel Cr18Ni9 (17.49% Cr, 9.37% Ni,
1.29% Mn, 0.05% C, 0.52% Si, balance Fe). The
experimental specimens were disk shaped with a
working area of 0.5 cm?. The preliminary treatment
of the specimens included subsequently grinding by
abrasive papers to a 600 grit finishing, rinsing with
water and drying. Just before the start of the
experiment the specimens were polished to an 800
grit finish, followed by rinsing with distilled water
and degreasing with an alcohol-ether mixture. The
3.5 wt. % NaCl test solution was prepared using
analytical grade reagent and distilled water. The
electrochemical tests were performed under open
air conditions at temperatures 20, 40, 60 and 80 °C.

Three electrochemical techniques were used in
the corrosion measurements. The open circuit
potential (OCP)-time dependence was measured in
the test solutions for an hour at room temperature.
Just after OCP record the specimen surface was
anodically charged under constant current density
60 uA cm and the potential change with time was
recorded (galvanostatic tests). The cyclic
potentiodynamic polarisation measurements were

5 02

| (a) Cr23N1.2

——20°C
— 40°C

(=]

—80°C

open circuit potential vs. SCE ,

20
time, min

40 6!

open circuit potential vs. SCE , V

performed with potential scan rate 1mV s*. The
specimen was kept for 5 min at initial potential 0.7
V vs. SCE and followed by anodic polarisation (in
positive direction). After passing through the
passive state and when the current density exceeded
10* A cm?, the polarisation in reverse direction
was carried out down to the point where the curve
intersected the anodic one.

The electrochemical measurements were carried
out in a conventional three-electrode cell with a
platinum counter electrode and a saturated calomel
electrode (SCE) as a reference electrode. The
measurements were performed using PAR 263
potentiostat-galvanostat and Power Suite corrosion
measurement and analysis software.

RESULTS
Open circuit potential

Figure 1 shows the change of free potential of
Cr23N1.2 and Cr18Ni9 steels as function of time at
temperatures 20, 40, 60 and 80 °C in 3.5% NaCl
solution. The ennoblement of potential is indication
about the formation of passive film and self-
protection from corrosion. Although both steels
tend to become passive, dependences OCP-time
show significant differences in its shapes.

02
. (b) Cr18Ni9
0 -
I 20 °C
40 °C
i 80 °C
06 U : l . | .
0 20 40 60
time, min

Fig. 1. Open circuit potential of Cr23N1.2 (a) and Cr18Ni9 (b) in 3.5% NaCl; 20+80°C.

Table 1. Rate of passive film formation, mV s

temperature, °C

steel method 20 40 60 80
open circuit potential 1.8 8.0 7.0 4.5
Cr23N1.2
galvanostatic polarisation 42.1 12.8 11.2 10.3
open circuit potential 1.2 3.8 34 2.7
Cr18Ni9
galvanostatic polarisation 8.5 6.4 3.8 3.0
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For chromium-nitrogen steel a sharp initial
increase about 400 mV of the potential is typical.
This behaviour presents rapid spontaneous
passivation even at high temperatures. The slope of
the dependence OCP-time in first seconds of the
contact of the metal surface with the corrosive
solution may be used as a criterion for rate of
passive film formation. Thus determined values of
the slope in mV per second for two stainless steels
are presented in Table 1. The slopes of Cri8Ni9
steel are about two times smaller then Cr23N1.2
steel ones. The higher slope is found at 40°C for
both steels. The further temperature raising leads to
delay of the passivation.

For nitrogen steel the initial stage of a passive
film formation is followed by a prolonged period of
potential fluctuations and after some time the
potential reaches to stationary value (Fig. 1-a).
These fluctuations are associated with local
damages of the surface layer. With increasing
temperature, the intensity of the oscillation
becomes larger and the establishment of the steady
values of the potential takes increasingly long time
(more than 1 hour at 80°C). The observed
behaviour indicates that the high temperature

destabilize the passive film. Nevertheless, the
influence of temperature on stationary values of
OCP can be considered negligible, since after 40
minutes they are very close.

In the OCP-time dependences obtained for
chromium-nickel steel (Fig. 1-b), the oscillations
are not observed, which displays a greater stability
and electrochemical homogeneity of its passive
layer. However, the increased temperature leads to
a shift of the stationary potential of nickel steel in a
negative direction and his establishment to values
typical for an active state (about -0.4 V vs. SCE).

Potentiodynamic polarisation dependences

According to the cyclic potentiodynamic
dependences presented in Fig. 2, examined steels
are in passive state in 3,5% NaCl. At anodic
polarisation above critical potential value (pitting
initiation potential Epix), the passivity is breached
by pitting corrosion, which can be seen from the
hysteresis loop. The increase of current density at
decreasing anodic polarisation shows the presence
of active points (pits) on the steel surface.

10° 10°
(a) Cr23N1.2 (b) Cr18Ni9
= 107 ‘s 107
&) (o]
= <
£ 10" & 10*
= 107 = 10°
2 2
(T 1
2 10° < 200C - £10° x 20°C «
a 40 oc o 80°C a 40°C o 80°C
10»7 | I I I t I } 107 I | I | 1 | I |
06 -04 02 0 0.2 04 06 -04 -02 0 0.2 04
potential vs. SCE , V potential vs. SCE , V
Fig. 2. Cyclic polarisation curves of steels Cr23N1.2 (a) and Cr18Ni9 (b) in 3.5% NaCl; 20+80 °C.
0.6
’ ® Ecor 0.6
- (a) <>Sr23N1.2 ® Eq/PD o En/GS - (b) Cr18Ni9 : Egi'; PD © Eni/GS
> 04 - &~ o AER/PD & Eq/GS 5 04 - o A E,/PD & Ey/GS
. F g Eoe —
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g 02 y A‘ e E 02
S r e —9 2 r
ot | 2 o =04 | '\'\!\.
0.6 L e 06 I N T
20 40 60 80 20 40 60 80

temperature, °C

temperature, °C

Fig. 3. Influence of temperature on the characteristic potentials obtained by potentiodynamic (black symbols and
solid lines) and galvanostatic (blank symbols and dotted lines) tests for Cr23N1.2 (a) and Cr18Ni9 (b) stainless steels in

3.5% NaCl.
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The characteristic electrochemical parameters
Vs. temperature determined from  the
potentiodynamic curves of the two steels are
presented in Figs. 3 and 4. They show that the
increasing of solution temperature from 20 to 80 °C
has no significant effect on corrosion potential Ecor,
but influences considerably the corrosion current
density icor. The corrosion rate increases more than
four times for Cr23N1.2 steel and about 10 times
for steel Cr18Ni9 (Fig. 4).

40

Cr18Ni9
X

98]
(e}
I

%)
=]
I

S
T

Cr23N1.2

corrosion current density, mA cm

| \ |
20 40 60 80
temperature, °C

Fig. 4. Influence of temperature on corrosion current
density of steels Cr23N1.2 and Cr18Ni9 in 3.5% NaCl.

(=)

All parameters, which characterise the stability
of the passive state, become worse with the
temperature increasing. For instance the passive
current density ipss increases the pitting initiation
Epir and repasivation E,, potentials decrease. Hence
the increased temperature deteriorates the
protective properties of the passive film.
Furthermore, this negative effect of the temperature
is stronger for the nitrogen steel than for the
conventional steel. In the temperature range 20-
80°C, pitting potential E,i decreases by more than
0.4 V for chromium-nitrogen steel and less (about
0.25 V) for chromium-nickel.

When turning the scan in cathodic direction, the

current for steel Cr23N1.2 remains at high levels in
0.6

— 20°C

- (b) cr18Ni9
| —— 40°C

04

——80°C

potential vs. SCE , V
(=)

0 10 20 30
time, min

a large range of potentials and abruptly decreases
near to the corrosion potential. Figure 3 shows that
the repassivation potential is slightly dependent on
the temperature (black triangle and solid lines).
Therefore, at temperatures above 60 °C nitrogen
steel has increased susceptibility to pit formation
and lower repasivation ability than nickel steel.

Galvanostatic results

Figure 5 shows typical galvanostatic polarisation
curves for Cr23N1.2 and Cr18Ni9 steels in 3.5%
NacCl in the temperature range 20-80 °C, obtained at
the current density 60 pA cm. The density of the
anodic polarisation current is experimentally
chosen as the lowest value sufficient for a stable
development of pits in the investigated temperature
range.

The dependences potential-time demonstrates
that initially the potential increases linearly with the
time (Fig. 5). This part of the curve corresponds to
the galvanostatic growth of passive layer. The
raising of the temperature reduces the slope of the
initial linear region (dE/dt), which is an indication
of delay in the rate of passive film formation (Table
1). The deviation of the curve from linearity is a
result of destabilisation of the passive layer and the
local breakdown in it. The maximum reached
potential value corresponds to the pitting potential
Epi. After reaching this value, the potential
decreases due to the metal dissolution in certain
active surface areas. The initiation and
repassivation of each pit is displayed on
hronopotentiometric  dependences as potential
fluctuation respectively in negative and in positive
direction. After some time, the potential is
established on its stationary value Es, which
corresponds to the potential of the stable pits
growth [6]. Several authors identify this potential
E: as the potential of repassivation determined

potential vs. SCE , V

time, min

Fig. 5. Chronopotentiometric curves at applied anodic currant 60 pAcm of steels Cr23N1.2 (a) and Cr18Ni9 (b) in

3.5% NaCl, 20+80 °C.
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potentiodynamicly Eg, [7]. Despite the completely
different nature of these two potentials, as Es
values tend to reach those of the E,,, the stationary
potential can be used as a characteristic value for
the minimum potential below which pitting does
not develop. The increasing of the temperature
leads to prolongation of the time required to reach a
steady state.

On Fig. 3 the values of pitting potential (Epi)
and stationary potential (Es) obtained from
galvanostatic  potential-time dependences are
presented by dotted lines and blank symbols. When
raising the temperature from 20 to 80 °C, the pitting
potential Epit decreases for both steel
approximately with 0.35 V. Figure 3 shows a good
correlation between the results obtained by
galvanostatic and potentiodynamic methods for the
conventional steel. Contrariwise the obtained
galvanostaticaly Epit values for Cr23N1.2 are more
positive with 100-200 mV than the corresponding
potentiodynamic values. These results can be
explained by the longer induction time required for
the appearance of pits on nitrogen steel. Due to
delay in pits formation, the potential has time to
reaches more positive values at the abruptly
imposed anodic polarisation.

DISCUSSION

The results from OCP measurements and from
potentiodynamic method, give information for
general corrosion assessment, whereas the
galvanostatic ~ polarisation and the cycling
potentiodynamic methods allow evaluation of the
susceptibility of the steels to pitting corrosion at the
experimental conditions.

The three electrochemical methods
experimentally proved the expected relatively
similar corrosion behaviour of the both steels in
3,5% NaCl solutions. In range of the temperature
20-80 °C similar values of the corrosion potential
and the width of the passive zone were registered.
Both steels are affected from pitting corrosion at
close values of the anodic polarisation.
Nevertheless, some important differences, related to
the corrosion current density as well as the rate of
formation and repassivation of the passive layers on
two steels were found out.

The protective layer on the chromium-nitrogen
steel forms faster, which is demonstrated by the
precipitous slope of the initial linear growing of
potential without and with applied anodic
polarisation (Table 1, Figs.1 and 4). However the
rapid spontaneous anodic polarisation leads to
quick attainment of the free potential at which the
dissolution of some anodic nonmetallic inclusions
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begins and the adsorption of the aggressive ions is
stimulated [8-11]. So the fluctuations on the
dependencies OCP-time are observed only for
Cr23N1.2 steel and they are related to activation
and repassivation of the local areas on the surface,
most probably dissolution of the nonmetallic
inclusions, nascence and repassivation of
metastable pits or crevice growth. Though the
maximum reached values of OCP are found to be
below the critical potential values Epi: established
by the two others electrochemical methods.
Consequently, despite the well-expressed maximum
on the OCP-time curve, without external anodic
polarisation, the pits would not be developed. The
superposition of the stationary values of the open
circuit potentials on the respective potentiodynamic
dependencies allow to see that the free potentials of
both steels are located in the passive region, but for
the nitrogen steel they are between Epi; and Eyp (Fig.
2). Hence, if on the steel Cr23N1.2 surface
temporary favourable conditions for pits formation
are created, the pit development can be prolonged
also at potentials under Epit.

The sharp potential increase in anodic direction
under galvanostatic polarisation of the nitrogen
steel shows not only rapid formation of the passive
layer, but also lower conductivity of the passive
films.

The lower values of the corrosion and the
passive currents, the fast passivation of steel
Cr23N1.2 surface as well as the longer induction
time for pits initiation can be explained with the
bigger chromium content [12] and the nitrogen
incorporation in the passive film and formation of
more compact structure [13-15].  Nitrogen
enrichment of the passive layer or the accumulation
of N on the metal/oxide interface is proved in many
investigations, which explain the difficulty in
anodic dissolution of the bare metal [13, 15-18].
Furthermore Kumagai et al. [16] have established
lowering of the thickness of the passive layers at
high nitrogen content in the chromium steels. The
smaller thickness of the passive layer on the studied
nitrogen steel is the probable reason for their easier
breakdown in strongly aggressive environments as
3.5% NaCl at 80 °C in comparison with the
Cr18Ni9 steel.

CONCLUSION

The temperature rising from 20 to 80 °C in 3.5%
NaCl solution increases the corrosion rate of
Cr22N1.2 stainless steel slighter that of Cr18Ni9
steel. The high nitrogen steel is characterised with
faster formation of the protective passive film. The
high temperature deteriorates the protective



properties of the passive film which results in
increase of the passive current density and their
destruction at smaller anodic polarisation. This
negative effect of temperature is stronger for
nitrogen steel in comparison with to conventional
steel. The temperature has slight influence on
repassivation process, which is generally steel
composition dependent. At all experimental
conditions the nitrogen steel has great difficulty to
repassivate.
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BJIMSTHUE HA TEMITEPATYPATA BHPXY KOPO3MOHHOTO TTOBEJIEHUE HA
AYCTEHUTHA HEPBXSIEMA CTOMAHA C BUCOKO CBIBPKAHUE HA A30T B
XJIOPUJIHU CPEJIU

b. P. llanena,

Henapmamenm no xumusi, Texnuuecxku ynueepcumem, oyu. ,, Knumenm Oxpuocku” 8, Cogus 1000, bvreapus.

[Mocremuna Ha 17 maif, 2013 r.; mpuera Ha 25 tomu, 2013 r.

(Pesrome)

CpaBHEHO € eNeKTPOXMMHUYIHOTO MOBEJCHHE Ha CTOMaHa SS ¢ BUCOKO ChABbPIKAHHE HA a30T C TOBA HA CTOMaHa C
KOHBEHIIMOHATHOTO KauecTBO 304 SS B 3.5% BojeH pastBop Ha xiopuau npu 20—80 °C, u3non3Baiky NOTEHIIAANA HA
OTBOpEHA BEpHUra MO OTHOIICHUE HA BPEMETO, MOTEHIIMOIMHAMUYHN U TIOTEHIIMOCTATUYHU TecTOBe. [10 OTHOIIEeHHE Ha
TeMmrepaTypaTa Oellle yCTaHOBEHO, Ye HIMa 3HAUUTEIHO BIMSHHUE BHPXY KOPO3MOHHHUS IMOTEHIIMAI, HO JecTabmin3upa
00pa3yBaHeTO Ha MacWBeH (GUIM U BBPXY JBET€ CTOMAHU. [Ipy KPUTUYHH CTOMHOCTH HA AHOJHATA MOJSAPHU3AIHS
nacuBHUTE (PUIMHU Ce TOBPEXIAT M TOYKOBA KOPO3WS ce HaOIro/aBa MpU MO-HUCHK MOTEHIMAN C IOBHIIIABAHE HA
TeMmreparypata. Bucokoa3oTHaTa CTOMaHa [O0Ka3Ba MM0-0bp30 oOpadyBaHe Ha NTACHBHH (UIMU, HO UTHUHT
MOTEHIMAThT Ha Ta3W CTOMAaHA € MO-YYBCTBUTEJCH Ha TEMIIEPATYpHH MPOMEHH B CPAaBHEHHWE C TO3M HA XPOM-
HukenoBaTa. Temmeparypara uma cinabo BIMSHHUE BBPXY MPOIEC HA peracHBHpaHe, KOETO 3aBUCH OCHOBHO OT ChCTaBa
Ha cTomaHarta. [Ipu BCHYKH €KCTIEPUMEHTAHH YCIIOBHS a30THATa CTOMaHa MO-TPY/IHO CE PEMacHBHPA.
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Poly-(4-vinylpyridinium nitrate) and silica sulfuric acid (SiO2-OSO3zH): an
efficient and metal-free oxidizing media for the oxidation of 1,4-dihydropyridine
and urazole derivatives
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An efficient and metal-free oxidative aromatization of alkyl or aryl-substituted derivatives of 1,4-dihydropyridines
and urazoles has been studied using poly-(4-vinylpyridinium nitrate) in the presence of silica sulfuric acid (SiO2-
OSOs3H). The reaction was carried out in dichloromethane at room temperature and the products were isolated in good

to excellent yields.

Keywords: 1,4-Dihydropyridines, Oxidation, Urazole, Poly-(4-vinylpyridinium nitrate), Triazolinedione

INTRODUCTION

Nitrogen-heterocyclic compounds (NHCs) are
produced by chemical industry for a variety of
applications, including pharmaceuticals, cosmetics,
pesticides, disinfectants, agrochemicals, dyestuffs,
antifreeze, corrosion inhibitor, coal-tar wastes and
creosote wood preservation [1].

In particular, pyridine and urazol derivatives are
used as reagents in manufacture and industry [2,3].

Urazole  derivatives (1,2,4-triazolidine-3,5-
diones) are very interesting five-membered
heterocyclic compounds, which at position 4 can
provide a wide variety of aliphatic as well as
aromatic constituents. Although a variety of
oxidants such as iodobenzenediacetate, N:Os,
periodic acid, tert-butyl hypochlorite or potassium
dichromate, have been used for the oxidations of
urazoles to triazolinediones, there are harsh
conditions involved precluded oxidation of urazoles
in the presence of other sensitive groups [4-8],
because these compounds are very sensitive to the
oxidizing agents and reaction conditions [9, 10]. In
addition, most of the reported reagents produce by-
products which are difficult to be removed from,
the sensitive triazolinedione.

Also 1,4-dihydropyridines (1,4-DHPs) belong to
a class of nitrogen containing heterocycles having a
six-membered ring. Much attention has been
devoted to explore their pharmacological activities
[11]. The Oxidation (aromatization) of 1,4-
dihydropyridines into the corresponding pyridines
is generally the key step in their numerous
biological reactions [12-14]. Therefore, oxidation

* To whom all correspondence should be sent:
E-mail: arashghch58@yahoo.com; a.ghorbani@mail.ilam.ac.ir

of 1,4-DHPs have attracted continuing interests of
organic and medicinal chemists and a plethora of
protocols have been developed [15-20]. Numerous
reagents or reagent systems have been
recommended for this purpose, such as
isoxazolones [21], Fe(ClO4)s/HOAC [22], lead (1V)
tetraacetate [23], FeCls/KMnO4 [24],
triazolinediones [25]. This transformation has
attracted a great deal of attentions for the discovery
of mild and general.

However, some of these procedures, which have
been used for the oxidation of 1,4-dihydropyridines
and urazoles have some disadvantages such as long
reaction times, low vyields of products, the
requirement for severe conditions and the use of
strong or toxic oxidants.

The use of heterogeneous reagents in different
areas of the organic synthesis has now reached
significant levels, not only for the possibility to
perform environmentally benign synthesis, but also
for the good vyields frequently, accompanied by
selectivity that can be achieved.

Recently, we have reported several new
synthetic methods for environmentally reactions
using catalytic and metal-free media for in situ
generation of bromonium ion (Br*) and nitronium
ion (NO,") [26-28]. During these studies, it was
found that nitronium ion (NO;") is an excellent
oxidant for the oxidation of organic compounds
[29-32].

EXPERIMENTAL

Chemicals were purchased from the chemical
companies Fluka, Merck and Aldrich. The
oxidation products were characterized by
comparison of their spectral (IR, *H and *C NMR)
and physical data with authentic samples.

384 © 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Oxidation of 4-cyclohexylurazole using poly-(4-
vinylpyridiniumnitrate) of and silica sulfuric acid
and silica sulfuric acid

In a 25 ml round bottom flask, to a solution of
2a (0.183 g, 1.0 mmol) in CH.Cl, (10 mL), silica
sulfuric acid (0.1 g), wet-SiO, (0.2 g) and poly-(4-
vinylpyridinium nitrate) (0.270 g) was added. The
resulting reaction mixture was stirred magnetically
at room temperature for 90 min (monitored by
TLC). After completion of reaction, the solvent was
filtered. Anhydrous Na,SO, (1.5 g) was added to
the filtrate. The residue was washed with CHCl,
(20 ml). Finally, CH,CIl, was evaporated and 4-
cyclohexyl-4H-1,2,4-triazole-3,5-dionewas
obtained in 98% yield.

Oxidation dimethyl 4-(phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate

In a typical procedure, to a mixture 4a (0.329 g,
1.0 mmol) in CH.CI; (10 mL), silica sulfuric acid
(0.2 g) and poly-(4-vinylpyridinium nitrate) (0.608
g) was added. The resulting reaction mixture was
stirred magnetically at room temperature for 100
min (monitored by TLC). After completion of
reaction, the solvent was filtered. Anhydrous
Na,SOs (1.5 g) was added to the filtrate. The
residue was washed with CH,Cl, (20 ml). Finally,
CH,CIl, was evaporated and pale yellow solid,
diethyl 2,6-dimethy-1-4-phenylpyridine-3,5-
dicarboxylate was obtained in 94% vyield.

RESULTS AND DISCUSSION

Consequently, we were interested to apply poly-
(4-vinylpyridinium nitrate) in the presence of silica
sulfuric acid (SiO2-OSOs;H) as a new source of
nitronioum ion (NO_") for the oxidation of urazole
and 1,4-dihydropyridines. A white powder of poly-
(4-vinylpyridinium nitrate) reagent is obtained by
the reaction of poly-(4-vinylpyridine) with nitric
acid. This reagent is ideal for ‘green chemistry’,

because is not toxic and doesn’t make
environmental pollution.

Initially, oxidation of different types of 4-
substituted urazole 1 with poly (4-vinylpyridinium
nitrate), silica sulfuric acid and wet SiO; in
dichloromethane at room temperature have been
examined. This reaction gave the corresponding 4-
substituted-1,2,4-triazolidine-3,5-diones 2 with
excellent yields. General form of this approach has
been demonstrated by the oxidation of a wide
variety of 4- alkyl or aryl -1,2,4-triazolidine-3,5-
diones shown in Table 1 and Scheme 1.

As mentioned above, the oxidation reactions are
heterogeneous because urazoles are insoluble in
dichloromethane. Therefore, the oxidation reaction
has been performed at the surface of wet SiO; and
appropriate  amount of poly-(4-vinylpyridinium
nitrate) in the presence of silica sulfuric acid (SiO--
OSO3H). Then, the oxidation products migrate to
the liquid phase (CH.Cl;) immediately. Pure
product can be extracted by simple filtration and
dichloromethane was removed by evaporation.

[l

HN—NH

N N=N
H NOy
o?( )Qo : - o?/\ )Eo
N Si0,-0504H N
’|? wet-Sio, l
CH,Cly, r.t R
1 2
Scheme 1

Also the oxidation reaction has been performed
for bis-triazolinedione 3 under mild and completely
heterogeneous conditions at room temperature with
excellent yield (91%), (Scheme 2). The reaction
was readily promoted by stirring starting materials
in CH.CIl, at room temperature for 6 hours, and the
bis-triazolinedione 4 was isolated by simple
filtration and evaporation of the solvent.

Table 1. Oxidation of 4-substituted urazole la-k to 4-substituted-1,2,4-triazolidine-3,5-diones 2a-k with poly(4-
vinylpyridinium nitrate), silica sulfuric acid and wet SiO; (50 %, w/w)?

Entry 1 R 2 Time (min)  Yield (%)°
1 a CsHs a 90 98
2 b CeH11 b 90 98
3 c (CH3)sC d 104 91
4 d CH3 (CHa)s e 100 98
5 e 4-N H2C5H4 f 5h -

6 f 3,4-(Cl)2CsHs g 120 90
7 g CH3CH; h 90 47
8 h 4-NO2CgH4 i 118 98
9 i 4-CICoHs j 08 87
10 j CH3CH.CH: k 75 90
11 k 1-naphtyl I 3h 91

@ Molar ratio of the reagents: urazole / poly-(4-vinylpyridinium nitrate) / silica sulfuric acid / wet SiO2 for entries 1-12 (1 mmol /

2 mmol /0.1 g/ 0.2 g); ° Isolated yield.
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Hz H
HN— N Na N—=N
A3 Td L
(CHz)e H NOs > (CH2)s
Si0,-0SO3H |
N _Si N
0 wet-SiO, o
o CH,Cly, 1.t # \/?O
HN—N Na N=N
© e
3 4
Scheme 2

In order to investigate and develop the scope
and limitation of this oxidizing media we decided
to examine the oxidation of 1,4-dihydropyrines by
described procedure (Scheme 3, Table 2).

Several 1,4-dihydropyridines are oxidized to
corresponding pyridines by poly-(4-
vinylpyridinium nitrate) in the presence of silica
sulfuric acid (SiO,-OSOs;H). Oxidation reactions
were performed under mild and completely
heterogeneous conditions at room temperature.
After reaction completion, product is extracted by
simple filtration and dichloromethane was removed
by evaporation.

As shown in Table 2, both electron donating and
electron withdrawing substituents on the precursors
are afforded the corresponding pyridines from good
to excellent yields.

To show the efficiency of the described system
in comparison with previously reported procedures
in the literature, we compared our obtained results
for the oxidation of4-phenyl-1,2,4-triazolidine-3,5-
dione to corresponding triazolinedione with the best
of the well-known data from the literature as shown
in (Table 3).

Also, we compared our method for the oxidation
of diethyl 1,4-dihydro-2,6-dimethyl-4-
phenylpyridine-3,5-dicarboxylate (as a typical
example) to corresponding pyridine with different

catalyst (Table 4).
3
ﬁﬁ 0 Ry 0o

o} Ry, O
|
N
Rg o Ry HNOy R; | ~N Ry
Si0,-0SO3H P
HsC H CHy CH,Cly, 1.t HsC N CH3

4 5
Scheme 3

Table 2. Fxidation of 1,4-dihydropyridines 4a—p to pyridines 5a—p using poly(4-vinylpyridinium nitrate) in the

presence of silica sulfuric acid (SiO,-OSO3H)?

Entry 4 R R; 5 Time (min) Yield (%)* mp(°C)
1 a CeHs OCsHs a 100 94 83
2 b CHs OCzHs b 30 90 79-80
3 c 4-OMeCsH4 OC;Hs c 140 90 68-72
4 d  34-(OMe).CeHs  OCsHs d 103 93 72-80
5 e 4-FCgH4 OC;Hs e 195 90 98-101
6 f 4-CICgH4 OC;Hs f 7:35h 95 68-82
7 g 4-BrC¢H, OCzHs g 8:15h 90 95-98
8 h C6H5 OCH3 h 40 98 137-145
9 i (CH2)5CH3 OCH3 i 90 79 68
10 j CH3 OCH3 j 135 97 108-110
11 k 4-OMeC6H4 OCH3 k 155 98 110
12 | 3,4-(OMe),CsH3 OCHs; | 155 98 140-144
13 m  4-FCgH4 OCHs m 5:50 h 94 145-149
14 n 4-CICgH4 OCHs n 8:10 h 95 146-149
15 0 4-BrCgH4 OCHs 0 9:10 h 87 141-144
16 P 3-NO.CsHi OCH; p 35 95 ]

@ Molar ratio of the reagents: 1,4-dihydropyridines/ poly-(4-vinylpyridinium nitrate)/ silica sulfuric acid for entries 1-14 (1 mmol/
0.608 g/ 0.2 g); and for entries 7,15 and 16 (1 mmol/ 0.676 g/ 0.2 g). Isolated yield.

Table 3. Comparison of the different methods used for the oxidation of 4-phenyl-1,2,4-triazolidine-3,5-dione to

corresponding triazolinedione with different catalyst

Entry Catalyst Time (Min)  Yield (%)* Reference
1 Poly-(4-vinylpyridinium nitrate) 90 98 This work
2 HslOg, NaNO2 and Wet SiO; (50% wiw) 60 80 6

3 KszzO7/A|C|3 3 95 8

4 N,N,N',N'-Tetrabromobenzene-1,3-disulfonylamide 120 83 10

5 NaNO,, C;H,04 .2H,0 60 80 33

3lsolated yield.
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T
phenylpyridine-3,5-dicarboxylate to corresponding pyridine with different catalyst

Entry Catalyst Time (Min)  Yield (%)? Reference

1 Poly-(4-vinylpyridinium nitrate) 100 94 This work

2 CO(NH)2/ H,0; 12h 89 11

3 PhCH,PhsPHSOs / BiCls 120 89 15

4 N-hydroxyphthalimide, O 4h 99 21(a)

5 Rucls / O 53h 55 20(a)

3lsolated yield.
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A plausible mechanism for the transformation

is shown in Scheme 4.
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In summary, we describe an efficient and mild
protocol for the oxidation of urazoles and 1,4-
dihydropyridines using poly-(4-vinylpyridinium
nitrate) as new oxidizing polymer. Advantages of
this method for the oxidation of organic
compounds over conventional homogeneous
reactions enhanced reaction rates, cleaner
products, simple experimental procedures, mild
reaction conditions and minimization of chemical
wastes as compared to the solution phase
counterparts.
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[MOJIU-(4-BUHWJITIUPUIMHUEB HUTPAT) U CUJIMLIUEB AUOKCUA-CAPHA
KHCEJIMHA (SiO2-OSO3H): EOEKTUBHA U BESMETAJIHA CPEJIA 3A OKMCJIEHUE HA
1,4-TUXUAPOITMPUAMH U [TPON3BOJHU HA YPA3OJIA

A. T'opbanu - Yoramapanu®, M. Xamkamu, M. Hopoysu, Ap. AMupu

Jlenapmamenm no xumus, Hayuen paxynmem, Hnamcku ynusepcumem, I1K 69315516, Unam, Hpan

Iocrenuna Ha 27 Mait, 2013 r.; kopurupana Ha 28 asryct, 2013 r.

(Pestome)

N3cnensaHa e edekTUBHA U Oe3MeTalHa OKUCIMTEIHA apOMAaTH3AIMs Ha alIKWI- WIH apHiI-3aMECTeHU MPOU3BOAHU
Ha 1,4-AMXUIPONUPHIMHA M Ypa3oJl 4Ype3 W3ION3BaHE Ha MONHU-(4-BHHWIMUPHIMHHEB HUTPAT) B NPHCHCTBHC Ha
CHJIMIIMEB TUOKCHUJ - capHa kuceinHa (Si02-OSO3H). Peakumsara npotuya B ANXJIOPOMETAH NP CTaiiHA TeMIlepaTypa

MPOAYKTHUTE Ca U30JIMPAHU C Z[06pI/I J0 OTJIIMYHHU ,E[O6I/IBI/I.
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Allergenicity of food proteins is a crucial problem associated with the widespread usage of new foods, supplements
and herbs, many of them having known or unknown genetically modified origin. Allergenicity is a subtle, non-linearly
coded property. Most of the existing methods for allergenicity prediction are based on structural similarity of novel
proteins to known allergens. Thus, the identification of a novel, structurally diverse allergen could not be predicted by
these methods. In the present study, we propose an alignment-free method for allergenicity prediction, based on the
amino acid principal properties as hydrophobicity, size and electronic structure. Proteins are transformed into uniform
vectors and analyzed by PLS-based discriminant analysis. The preliminary model derived on the basis of a small set of
120 allergens and 120 non-allergens identified correctly 73% of the proteins included in the external test set of 1,164
allergens and non-allergens. The extended model based on a set of 1,404 proteins (702 allergens and 702 non-allergens)

showed 70% accuracy in the cross-validations.

Key words: allergens, non-allergens, z-descriptors, auto- and cross-covariance, discriminant analysis, PLS

INTRODUCTION

Allergy is a growing health problem of modern
life. Food allergies affect 10 — 15% of infants and
young children [1]. They are caused by different
sources: milk, eggs, peanuts, soy, shellfish, fruits,
etc. [2-4]. Allergy involves complex reactions to
external factors that contribute to the development
of diseases characterized by symptoms such as
rhinitis,  asthma, atopic  dermatitis,  skin
sensitization. In some cases, severe reactions such
as acute and fatal anaphylactic shock may occur.

The term "allergy” was introduced in 1906 by
the Austrian pediatrician Clemens von Pirquet to
denote the modified reaction to smallpox vaccine
[5]. Allergy is an altered capacity of the body to
react to a foreign substance called allergen. When
potential allergens enter the body for the first time,
allergen-specific IgE antibodies are produced,
which stay around long after the initial allergen is
cleared from the body. Most of the antibodies are
caught by Fce receptors, which are IgE-specific
receptors that are exposed on the surface of mast
cells, basophils and activated eosinophils. These
cells are then primed to react the next time the body
encounters the allergen. They release stored
mediators, which give rise to inflammation and

* To whom all correspondence should be sent:
E-mail: doytchinova@gmail.com

tissue damage causing a variety of symptoms [6-9].

Although there is no consensus on the structure
of the allergen, the United Nations Food and
Agriculture Organization (FAO) and World Health
Organization (WHO) have developed Codex
alimentarius guidelines for assessing the potential
allergenicity of novel proteins [10-11]. According
to these guidelines, protein is a potential allergen, if
it has an identity of 6 to 8 contiguous amino acids
or greater than 35% similarity within a window of
80 amino acids when compared to known allergens.

Currently, two bioinformatic approaches exist
for allergen prediction. The first approach follows
the guidelines of FAO and WHO and searches for
sequence similarity. There are databases that
contain extensive information on known allergens,
which are used for sequence similarity search. Such
databases are Structural Database of Allergenic
Proteins (SDAP) [12], Allermatch [13] and
AllerTool [14]. This approach has a good allergen
prediction, but generates a large number of false
allergens. Moreover, the discovery of new
structurally different allergens is limited by the lack
of similarity to already known allergens.

The second approach is based on identification
of linear motifs for allergenicity. The motif is a
sequence of amino acids responsible for a particular
activity of the protein. Stadler and Stadler (2003)
defined 52 allergenic motifs by comparing
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allergens to non-allergens [15]. Li and colleagues
(2004) identified motifs for allergenicity using
clustering of known allergens by hidden Markov
model (HMM) [16]. Bjorklund and colleagues
(2005) developed a method for identifying
allergens by detecting allergenic peptides (allergen-
representative peptides, ARP) [17]. AlgPred is a
server for predicting allergenic protein that
combines four motif search methods: support
vector machines (SVM), MEME/MAST program,
IgE epitopes and ARP [18].

Both approaches are based on the assumption
that allergenicity is a linearly encoded property. To
act as an allergen, a protein must contain epitopes
for both Th2 cells and B lymphocytes [7]. Epitope
is part of the protein that interacts with another
protein. The epitopes for Th2 are linear, but the B-
cell epitopes are non-linear, conformational patches
on the protein surface. Obviously, allergenicity, like
immunogenicity and antigenicity, is a property
coded linearly as well as nonlinearly. Therefore, the
alignment-based approaches are not able to identify
such property in an unambiguous manner.

In the present study, we develop and validate an
alignment-free method for allergenicity prediction,
based on the principal amino acid properties as
hydrophobicity, size and electronic properties.
Partial least squares-based discriminant analysis is
used to develop models for food allergenicity
prediction. The models were validated by internal
and external test sets of allergens and non-
allergens.

DATASETS AND METHODS

Allergens and non-allergens

A dataset of 702 food allergens and 702 non-
allergens was collected from the databases CSL
(Central Science Laboratory) [19], FARRP (Food
Allergen Research and Resource Program) [20] and
SDAP (Structural Database of Allergenic Proteins)
[21]. The non-allergens were selected from the
same species using a BLAST search with 0%
identity to allergens at E-value 0.001.

Descriptors of the protein structures

The z-descriptors describe principal properties
of amino acids. They are derived by applying
principal component analysis on a set of 29
molecular properties of amino acids [22]. The first
principal component (1PC), named z1, is dominated
by the hydrophobicity of amino acids. The second
principal component (2PC), named z», relates best
to amino acid size. The third principal component
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(3PC), named zs, explains the electronic properties
of amino acids. The scores of these components
define the set of z-descriptors for each amino acid.
In the present study, the three z-descriptors were
used to describe the amino acid sequences of
allergens and non-allergens.

The proteins used in the study were of different
length. In order to convert them into uniform
vectors, the method of auto- and cross-covariance
(auto- and cross-covariance, ACC) transformation
was used [23]. Auto-covariance (A;) and cross-
covariance (Cj) were calculated by the following
formulas:

n-L
Zii %2

An'('-)=z'nT

CNZ %2,
Cjk(L)=27Ln_ Lk'+L

The index j refers to the z-descriptors (j = 1, 2,
3); the index i indicates the position of amino acid
(i=1,2,3..n);nis the number of amino acids in
protein; l'isthe lag (L =1, 2, ..., I). Lag is the length
of the frame of contiguous amino acids, for which
Aji and Cj are calculated. In the present study, a
short lag (L = 5) was chosen, as the influence of
neighboring amino acids was investigated. Each
protein was transformed into a string of 45
elements (32 x 5).

Partial least squares-based discriminant analysis
(PLS-DA)

The discriminant analysis (DA) is a method for
data classification based on a linear combination of
explanatory variables [24]. Partial least squares
(PLS)-based DA was used in the present study.
PLS forms new X variables named principal
components (PC) as linear combinations of old
variables, and then uses them to predict class
membership. The optimum number of PCs was
selected by adding components until the predictive
ability of the model increases. In the present study,
PLS-DA was performed by SIMCA P-8.0 [24].

The projection of the i-th protein on the plane
formed by two PSs is called score. Proteins with
similar descriptors are projected close to each other
and form a cluster. The loading of the i-th
descriptor on a PC equals cos o, where o is the
angle between the axis of descriptor X; and the
plane formed by two PCs. As more distant is a
descriptor from the origin, as higher loading has
this descriptor on the corresponding PC.
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Receiver Operating Characteristics (ROC)
statistics

The predictive ability of the derived final model
was assessed by Receiver Operating Characteristic
(ROC) statistics [25]. Four outcomes are possible in
ROC-statistics: true positives (TP, true binders
predicted as binders); true negatives (TN, true non-
binders predicted as non-binders); false positives
(FP, true non-binders predicted as binders); and
false negatives (FN, true binders predicted as non-
binders). Three classification functions were used
in the present study: sensitivity (true positives/total
positives),  specificity  (true  negatives/total
negatives) and accuracy (true positives and
negatives/total).  Sensitivity,  specificity  and
accuracy were calculated at different thresholds
and the area under the ROC curve (sensitivity/1-
spesificity) (Aroc) was calculated. Aroc is a
guantitative measure of predictive ability and varies
from 0.5 for random prediction to 1.0 for perfect
prediction.

Variable influence on projection (VIP)

The parameter VIP (variable influence on
projection) was introduced by Wold in 1993 [26] to
describe the importance of each independent
variable on the dependent one. It is calculated by
the following formula:

A K
VIP, = w2 (SSY, , —SSY, ) —————
ak \/[;( ak ( a-1 a )) SSYO _ SSYA J

where wq is the weight (coefficient) of the variable
k on the component a, and SSY, is the explained
variance of Y by the component a. Variables with
VIP, greater than 1, are the most relevant for
explaining Y. VIP parameters are calculated by
SIMCA-P 8.0.

Model validation

The models derived in the present study were
validated by cross-validation and by external test
set. The cross-validation (CV) is a procedure for
testing the predictive ability of models. The training
set is divided into several groups with
approximately equal numbers of members in each
group. One group is defined as a test set and the
rest form a new training set. The training set is used
to derive a model, the test set — to test its
predictivity. To reduce variability, multiple rounds
of cross-validation are performed using different
partitions, and the validation results are averaged
over the rounds.

The derived models are validated also by
external test set containing allergens and non-
allergens not included in the training set. The
predictive ability of the models was estimated by
the parameters sensitivity, specificity, accuracy and
Aroc.

RESULTS
Preliminary model for allergenicity prediction

In order to derive a preliminary model for
allergenicity prediction, a small set of 120 allergens
and 120 non-allergens was compiled randomly
from the set of 1,440 proteins used in the study.
The structure of proteins was described by the three
z-descriptors and each protein was transformed into
a string of 45 variables, applying ACC-
transformation, as described in "Materials and
Methods". The two-class matrix consisting of 240
proteins and 45 variables was subjected to PLS-DA
with varying number of principal components from
1 to 5. The models were evaluated using the
parameters sensitivity, specificity and accuracy at
threshold 0.5. The area under the curve Aroc also
was recorded. The results are shown in Figure 1.

1
/,,\,,,/—0—0
0,9 / y ———————,
08 ’ 5 e G —
o1 |
0,6
0,5 T T : :
0 1 2 3 4 5
PC

—— AROC —o—accuracy at 0.5 cutoff

—— sensitivty at 0.5 cutoff —x— specificity at 0.5 cutoff
Fig. 1. Sensitivity, specificity and accuracy at threshold
0.5, and Aroc for the preliminary models for allergenicity
prediction with different number of PCs.

The results showed that the addition of a second
PC significantly increases all parameters of the
model. Further addition of PCs initially decreases
slightly the parameters, and then increases them
slightly. Thus, two PCs was the optimal number of
PCs for this model.

The preliminary model for allergenicity
prediction is shown in Table 1. The assignment of
ACC variables is as follows: the first digit
corresponds to the number of z-descriptor for the i-
th amino acid in the protein; the second digit
corresponds to the number of z-descriptor for the j-
th amino acid; the third digit shows the lag. For
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Table 1 .VIP values and coefficients of the preliminary model for allergenicity prediction. The constant of the model is

0.998. Variables with VIP > 1.5 and coefficients > |0.100| are given in bold.

variable VIP  coefficient | variable VIP coefficient | variable VIP coefficient
ACC334 2.003 -0.178 | ACC215 1.121 -0.078 ACC221  0.693 0.003
ACC333 1.656 -0.162 | ACC121 1.101 -0.078 ACC122  0.685 -0.036
ACC324 1.586 0.132 ACC332 1.061 -0.097 ACC211  0.575 -0.047
ACC223 1578 0.052 ACC325 1.011 0.001 ACC125  0.573 -0.055
ACC222 1.413 0.084 ACC234  0.950 -0.096 ACC212  0.526 -0.024
ACC224  1.413 0.065 ACCl114 0.928 -0.071 ACC231  0.520 0.032
ACC225 1.344 0.099 ACC322  0.924 -0.031 ACC115  0.510 0.029
ACC314 1.315 -0.142 | ACCl112  0.896 0.030 ACC133  0.503 -0.051
ACC131 1.252 0.050 ACC132  0.867 0.092 ACC124  0.447 -0.045
ACC335 1.248 -0.083 | ACC315 0.793 -0.073 ACC232  0.418 -0.020
ACC111 1.210 0.083 ACC134  0.792 -0.085 ACC214  0.393 0.043
ACC313  1.200 -0.115 | ACC323 0.779 -0.081 ACC123  0.381 0.002
ACC331 1.185 -0.125 | ACC312 0.770 -0.009 ACC213  0.284 -0.017
ACC311 1.128 0.116 ACC235 0.725 -0.014 ACC135  0.201 -0.021
ACC233 1.123 0.103 ACC113  0.699 0.064 ACC321  0.153 0.007

example, ACC324 assigns the sum of ACC values
calculated as z3*z2 for each pair amino acids with
lag 4 (first and fourth, second and fifth, third and
sixth, etc.). The variables in the model are ordered
according to their VIP values. Variables with VIP >
1 are essential to the model. Nineteen variables
(42%) in the model have a VIP > 1. To differentiate
between the most important, the threshold for VIP
was increased to 1.500. Only four variables have
VIP > 1.500 and coefficient > |0.100|. These are
ACC334, ACC333 and ACC324. ACC324 has
positive coefficient, ACC334 and ACC333 have
negative ones. This means that proteins having
negative ACC334 and ACC333, and positive
ACC324 are likely to act as allergens. Figure 2A
shows the scores of the proteins from the initial set,
and Figure 2B gives the loadings of ACC variables.
The model distinguishes relatively well allergens
(top right, Figure 2A) from non-allergens (bottom
left), despite the lack of a clear boundary between
the two clusters. The variable ACC324 is situated
most distantly from the origin in the upper right
guadrant close to the allergenicity variable
(assigned as DA1L), while variables ACC334 and
ACC333 variables are situated most distantly from
the origin in the lower left quadrant close to the
non-allergenicity variable (assigned as DA2). The
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model was tested for sensitivity, specificity and
accuracy at threshold 0.5. It detects 83% of
allergens, 87% of non-allergens and 85% correctly
identified proteins from the initial set. The Aroc
value is 0.922, indicating for the excellent
predictivity of the model.

The initial model for allergenicity prediction
was cross-validated in 6 groups. The initial set of
120 allergens and 120 non-allergens was divided
into 6 subsets of 20 allergens and 20 non-allergens.
Five subsets were united in a training set; the sixth
subset was a test. The training set was used to
derive the model; the test set was used to validate it.
The procedure was repeated six times, so any
protein acts five times as a trainer and one time — as
a tester. The average values for the test subsets
from the cross-validation are: 77% sensitivity, 79%
specificity and 78% accuracy at threshold 0.5, and
Aroc = 0.856. The cross-validation showed that the
preliminary model has a good predictive ability,
independent of the training set composition.

Further, the preliminary model was used to
predict the allergenicity of external test set of 582
allergens and 582 non-allergens. It recognized 68%
of the allergens and 77% of the non-allergens with
73% total accuracy at threshold 0.5. The Aroc value
was 0.785.
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Fig. 2. Scores (A, allergens are given as stars, non-allergens — as blank circles) and loadings (B) according to the
preliminary model for allergenicity prediction.

Extended model for allergenicity prediction

Encouraged by the good predictivity of the
preliminary model, we derived an extended model
for allergenicity prediction based on 702 food
allergens and 702 non-allergens. The structure of
proteins was described by the three z-descriptors
and ACC-transformed into strings of 45 variables.
The two-class matrix consisting of 1,404 proteins
and 45 variables was subjected to PLS-DA with
varying number of principal components from 1 to
5. The models were evaluated using the parameters
sensitivity, specificity and accuracy at threshold 0.5.
The area under the curve Aroc also was recorded.
The results are shown in Figure 3. The highest
values of the parameters are obtained by three
PCs.
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—— AROC —o—accuracy at 0.5 cutoff
—— sensitivty at 0.5 cutoff —x— specificity at 0.5 cutoff

Fig. 3. Sensitivity, specificity and accuracy at threshold

0.5, and Aroc for the extended models for allergenicity
prediction with different number of PCs

The model with 3 PCs and the VIP-values of the
variables are shown in Table 2. Three variables
have VIP > 1.300 and coefficient > |0.100|. These
are ACC333, ACC214 and ACC334. One of them
has a positive coefficient (ACC214); the other two
are negative (ACC333 and ACC334). The
significance of variables and ACC333 ACC334,
found in the preliminary model is confirmed here.
Figure 4 shows the scores and the loading
according to the extended model projected on the
plane of the first two PCs. There is one outlier
(non-allergen with GI: 315113274) (not shown).
The model detects 73% of allergens, 80% of non-
allergens and 77% correctly identified proteins
from the whole set. The Aroc value is 0.830.

The extended model for allergenicity prediction
was cross-validated in 7 groups. The whole set of
702 allergens and 702 non-allergens was divided
into 7 subsets of 100 or 101 allergens and 100 or
101 non-allergens. Six subsets were united in a
training set; the seventh subset was a test. The
training set was used to derive the model; the test
set was used to validate it. The procedure was
repeated seven times, so any protein acts six times
as a trainer and one time — as a tester. The average
values for the test subsets from the cross-validation
are: 60% sensitivity, 79% specificity and 70%
accuracy at threshold 0.5, and Aroc = 0.746. The
cross-validation showed that the extended model
has a lower predictive ability than the preliminary
one, but still independent of the training set
composition.
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Fig. 4 . Scores (A, allergens are given as stars, non-allergens — as blank circles) and loadings (B) according to the
extended model for allergenicity prediction.

Table 2. VIP values and coefficients of the extended model for allergenicity prediction. The constant of the model is
1.000. Variables with VIP > 1.300 and coefficients > |0.100| are given in bold.

variable  VIP  coefficient | variable  VIP  coefficient | variable  VIP  coefficient
ACC333 1505 -0.158 ACC211 1.044 -0.058 ACC232 0.901 -0.013
ACC214 1.499 0.129 ACC224 1.032 0.030 ACC231 0.895 -0.058
ACC334 1.387 -0.124 ACC311 1.015 0.107 ACC323 0.895 -0.038
ACC335 1.236 -0.030 ACC235 1.008 -0.074 ACC325 0.885 0.020
ACC222 1.227 0.092 ACC233 1.000 0.059 ACC113 0.877 0.083
ACC332 1.215 -0.085 ACC324 0.983 0.048 ACC315 0.871 -0.081
ACC215 1.190 -0.093 ACC124 0.979 -0.007 ACC123 0.833 -0.002
ACC313 1.149 -0.125 ACC314 0.964 -0.103 ACC133 0.790 -0.071
ACC121 1.105 -0.077 ACC221 0.963 -0.001 ACC331 0.758 -0.051
ACC225 1.101 0.066 ACC134 0.958 -0.102 ACC115 0.697 0.049
ACC234 1.078 -0.062 ACC212 0.934 -0.020 ACC135 0.697 -0.067
ACC122 1.077 -0.028 ACC111 0.930 0.086 ACC132 0.681 0.074
ACC312 1.054 -0.104 ACC125 0.929 0.007 ACC112 0.656 -0.021
ACC213 1.050 -0.054 ACC321 0.924 0.026 ACC131 0.590 0.022
ACC223 1.049 0.042 ACC322 0.918 0.022 ACC114 0471 -0.027
DISCUSSION diverse allergen could not be predicted by these

Allergenicity of food proteins is a crucial
problem associated with the widespread usage of
new foods, supplements and herbs, many of them
having known or unknown genetically modified
origin. Allergenicity is a subtle, non-linearly coded
property. Most of the existing methods for
allergenicity prediction are based on structural
similarity of novel proteins to known allergens.
Thus, the identification of a novel, structurally
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methods.

In the present study, we propose an alignment-
free method for allergenicity prediction, based on
the amino acid principal  properties as
hydrophobicity, size and electronic structure.
Proteins are transformed into uniform vectors and
analyzed by PLS-DA. Initially, a preliminary model
was derived based on a small set of 120 allergens
and 120 non-allergens. The model was tested by
cross-validation and external test set and
recognized correctly 73% of the proteins from the
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external test set. Then, the dataset was extended to
1,404 proteins (702 allergens and 702 non-
allergens) and a new model was derived. The cross-
validation study showed that the extended model is
able to identify correctly 70% of the tested proteins.

The food allergens involved in the present study
have diverse structure, composition and origin,
which imply great variance in the set. By increasing
the number of proteins in the training set increases
the number of PCs needed to explain this variance.
In the small initial set used to derive the
preliminary model, two PCs were sufficient to
obtain a model with good predictive ability. In the
extended set of proteins used in the extended
model, it was necessary to include a third PC. The
model with 3 PCs had the highest predictive ability.

Both models point the importance of the
variables ACC333 and ACC334. These variables
account for the electronic structure of amino acids
located in close proximity but not next to each
other. This once again shows that the allergenicity
is a hidden, complex property, depending on many
factors, some of which are encoded in the primary
structure of proteins.
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OLEHKA HA AJIEPTEHHOCT YPE3 TUCKPUMHNHAHTEH AHAJIN3 11O METOZIA HA
I[TAPOVAJIHUTE HAN-MAJIKU KBAJIPATU

JI. X. Hanesal, W. . Qumutpos?, U. I1. Bauros?, . A. Jloitunnosa®*

Ullymencku ynueepcumem ,, Enuckon Koncmanmun Ilpecnascku “, @axyimem no npupooHu HayKu, yi.
,, Yuusepcumemcxa “ 115, [llymen 9712, Pvreapus

2Meouyuncxu ynusepcumem — Cogus, Dapmayeemuuen gpaxynimem, ya. ,, ynas‘* 2, Cogpusa 1000, Bvnzapus
Tocrprimna wa 30 HoemBpu 2012 T.; kopurupana Ha 5 ¢pepyapu 2013 1.

(Pestome)

AJIepreHHOCTTa Ha XPaHUTEITHHUTE MPOTCHHU € Ba)KEH IpoOieM, CBBP3aH C IIUPOKOTO H3MOI3BAaHE Ha HOBU
XpaHW, XpaHUTeTHH H00aBKM W OWJIKH, MHOTO OT KOHTO CBHIBPXKAT H3BECTHH WIH HEHU3BECTHH TECHETHIHO
MOIUGHUIMPAHA TIPOTCHHU. AJIEPTeHHOCTTA € CKPUTO, HETMHEWHO KOOUPAHO CBOMCTBO. [IoBEUETO OT CHIECTBYBAIIUTE
METOJIH 32 OICHKA Ha aJepreHHOCT ce OCHOBABAT Ha HAcCJIarBaHe Ha CCKBEHIIMH M THPCCHE HA CTPYKTYPHU IMPIUTUKH C
n3BecTHH anepreHu. CienoBaTelHoO, HASHTA(DUIMPAHETO HA HOBH, CTPYKTYPHO pa3IMIHU aJepPreHH He MOXKe 1a Oble
OCBIIECTBCHO Ype3 Te3W METOAW. B HacTOAIMIOTO M3cienBaHe HHE MpeajaraMe HOB METOJ 3a OIeHKa Ha aJlepreHHOCT,
KOWTO He ce 0a3upa Ha HacjarBaHe Ha CEKBEHIIMH, a Ha CPaBHSIBAaHE HA OCHOBHH CBOMCTBA Ha aMHHOKHCEIIMHUTE KaTo
xuapodoOHOCT, pa3Mep U eIeKTpOHHATa CTpYyKTypa. [IpoTenHute ce TpanchopMHUpaT BbB BEKTOPHU C €HAKBA AbIDKHHA
" C€ aHaAIM3UpaAT YpE€3 NUCKPUMHUHAHTCH aHAJIM3 110 METOAAa Ha MapuuaJIHUTE HaM-MaJIKu KBaJpaTu. Hpe}lBapI/ITeJ'IHI/IHT
MOJIeJ, MOJyYCeH Bb3 OCHOBA Ha oOyuaBaina rpyma ot 120 aneprena u 120 Heaneprena, uaeHTuduUIEpa npaBuwiHo 73%
OT IpPOTEHHHUTE, BKJIIOUYEHH BBB BBHIIHA TecToBa rpyma oT 1164 amepreHu u HeanepreHd. PasmupeHusT monern,
MOJIYYEH Bb3 OCHOBA Ha oOyuaBama rpymna ot 1404 mporeuna (702 aneprena u 702 Heaneprena) nokasa 70% TO4YHOCT
P KPBCTOCAHOTO BaTMIUPAHE B 7 TPYIIH.
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Methanesulfonic acid catalyzed one-pot synthesis of pyrano[2,3-c] pyrazole
derivatives in water

M. M. Heravi * 1, N. Javanmardi !, H. A. Oskooie , B. Baghernejad 2

!Department of Chemistry, School of Science, Alzahra University, Tehran, Iran
2Department of Chemistry, School of Sciences, Payame Noor University(PNU), 19395-3697, i.r. of Iran
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A simple and efficient synthesis of 1,4-Dihydropyrano[2,3-c] pyrazoles was achieved via a one-pot three-component
reaction of an aromatic aldehyde, malonitrile and 3-methyl-1-phenyl-2-pyrazolin-5-one using methanesulfonic acid as a

catalyst in good yields.

Key words: methanesulfonic acid, 1,4-Dihydropyrano[2,3-c] pyrazole, one-pot synthesis.

INTRODUCTION

It is well known that 4H-pyran and its
derivatives are very useful compounds. Substituted
pyrano [2,3-c] pyrazoles have been synthesized in a
search for new physiologically active compounds,
drugs, pesticides, and other compounds of practical
significance [1,2]. 2-Amino-3-cyano-4H-pyrans
possesses  photochemical activity [3]. Poly
functionalized 4H-pyrans are a common structural
unit in a number of natural products [4]. The 4H-
pyran ring can be transformed to pyridine systems,
which relate to pharmacologically important
calcium antagonists of the DHP type [5, 6]. There
are a lot of procedures to synthesis of these
compounds but most of them are toxic. The need to
reduce the amount of toxic waste and by-products
arising from chemical processes requires increasing

promising approaches is using water as reaction
media. Recently, a great attention has been focused
on the use of water as green solvent in various
organic transformations. Water is a desirable
solvent for chemical reactions because it is safe,
non-toxic, environmentally  friendly, readily
available, and cheap compared to organic solvents
[7-9]. Since the pioneering studies on Diels—Alder
reactions by Breslow [10,11], there has been
increasing recognition that organic reactions can
proceed well in aqueous media and offer
advantages over those occurring in organic
solvents, such as rate enhancement and insolubility
of the final products that facilitates their isolation.
Herein, we would like to report one-pot synthesis of
1,4-dihydropyrano [2,3-c] pyrazole derivatives by
three-component reaction of an aromatic aldehyde,
malonitrile and 3-methyl-1-phenyl-2-pyrazolin-5-

emphasis on ~the use of less toxic and one using methanesulfonic acid as a catalyst in
environmentally compatible materials in the design A0UEOUS g media (Scheme y 1)
of new synthetic methods. One of the most g '
o Ph 7“
(e] / NH, (e) N
N \
y PN \ ‘ N
+ CN CN  + N - /
/ NC
Me Me
X
(1) 2 3) (4a, 4b)
X X=H, Me
Scheme 1. Preparation rout of the compounds (4a, 4b)
* To whom all correspondence should be sent:
E-mail: mmh1331@yahoo.com
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EXPERIMENTAL

Material and Equipment

All products are known compounds and were
characterized by m.p., IR, *H-NMR and GC/MS.
All melting points are uncorrected and taken with
an  Electrothermal melting point apparatus
(Electrothermal Eng. Ltd, Essex, UK). The H-
NMR spectrums of the synthesized compounds
were measured in DMSO-ds solution and TMS as
the internal standard using a Bruker AQS
AVANCE-300 MHz instrument. IR spectra were
recorded from KBr disk on the FT-IR Bruker
Tensor 27. GC/MS spectra were recorded on an
Agilent Technologies 6890 network GC system and
an Agilent 5973 network Mass selective detector.
Thin layer chromatography (TLC) on commercial
aluminum-backed plates of silica gel, 60 F254 was
used to monitor the progress of reactions. All
products were characterized by spectra and physical
data.

General procedure for the synthesis of 1,4-
dihydropyrano[2,3-c] pyrazole

A mixture of the aromatic aldehydes (1) (1
mmol), malononitrile (2) (1 mmol), 3-methyl-1-
phenyl-2-pyrazolin-5-one (3) (1 mmol), and MSA
(0.1 mL) in H20 (10 mL) was refluxed for 45-55
min, and then cooled to room temperature. The
crystalline powder formed was collected by
filtration, washed with water, and
re-crystallized from ethanol to give pure product
(4a, 4b) (Scheme 1).

4a: H-NMR (DMSO-ds, &/ppm): 1.93 (s, 3H,
CHs), 4.68 (s, 1H,), 4.75 (s, 2H, NH,), 7.16-7.32
(m, 10H, Ph); IR (KBr, cm™): 3472, 3320, 2195,
1660, 1590, 1264, 1125, 1027, 753. MS (%), m/z:
330 (100) [M]*, 331 (24) [M+H]".

4b: 'H-NMR (DMSO-ds, &/ppm): 1.78 (s, 3H,
CHs), 2.28 (s, 3H, CHa), 4.62 (s, 1H), 6.96 (s, 2H,
NHy), 7.02-7.78 (m, 9 H, Ph); IR (KBr, cm%): 3414,
3314, 2178, 1658, 1594, 1398, 1258, 1128, 1026,
754. MS (%), m/z; 344 (100) [M]*, 345 (23)
[M+H]".

4e: 'H-NMR (DMSO-ds, 8/ppm): 1.78 (3H, s, CHs),
4.91 (s, 1H), 7.02 (s, 2H, NHy), 7.32-7.98 (m, 9 H,
Ph); IR (KBr, cm): 3431, 3348, 2189, 1665, 1595,
1517, 1394, 1352, 1126, 1054, 831, 753.
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4f. 'H-NMR (DMSO-ds, /ppm): 1.81 (3H, s,
CHs), 4.83 (s, 1H), 7.08 (s, 2H, NHy), 7.22-7.88
(m, 9 H, Ph); IR (KBr, cm): 3459, 3325, 2202,
1661, 1594, 1518,1491, 1444, 1391, 1262, 1127,
1089, 1066, 1015, 831, 804, 751, 686.

4g: *H-NMR (DMSO-ds, &/ppm): 1.77 (3H, s,
CHs), 3.78 (3H, 5, CH30), 4.77 (s, 1H), 7.02 (s, 2H,
NH,), 7.12-7.68 (m, 9 H, Ph); IR (KBr, cm?):
3391, 3322, 2192, 1660, 1596, 1514, 1456, 1394,
1250, 1173, 1128, 1073, 1027, 813, 759, 692.

RESULTS AND DISCUSSION

Methanesulfonic acid (MSA) is an alkylsulfonic
acid, which has numerous applications, for
example, as an esterification or alkylation catalyst,
as a polymer solvent, in the electroplating and
electrochemistry industry, etc. MSA also is an
effective reagent for the conversion of alcohols into
corresponding amides [12], Fries-rearrangement
[13], Beckmann rearrangement [14], hydration of
nitriles into amides [15], monoesterification of diols
[16], N-nitrosation of secondary amines [17], and
aromatization of 1,4-dihydropyridines [18]. MSA is
a strong acid (pKa= -1.9), which is almost
completely ionized at 0.1 M in an aqueous solution
and has a low tendency to oxidize organic
compounds. It is, however, far less corrosive and
toxic than other mineral acids. Under normal
conditions, aqueous solutions evolve no dangerous
volatiles, making it safe to handle. Finally, it is
readily biodegradable within 28 days, only forming
CO; and sulfate, making them an environmentally
benign material [19]. Furthermore, it has the
advantage, as will be shown that it can be separated
readily from the reaction mixture and reused. As
part of our program aimed at developing new
selective and environmentally friendly
methodologies for the preparation of fine
chemicals,? then we decided to use this catalyst for
the synthesis of 1,4-dihydropyrano[2,3-c]pyrazoles.
In a typical procedure, benzaldehyde (1 mmol),
malonitrile (1 mmol) with 3-methyl-1-phenyl-2-
pyrazolin-5-one (1 mmol) in the presence of a
catalytic amount of MSA in water at reflux
temperature  afforded the  desired  1,4-
dihydropyrano[2,3-c]pyrazole (4a) in 87% yield
(Entry 1, Table 1). The reaction then was applied to
a variety of aromatic aldehydes in good yields. (As
shown in Table 1) All aromatic aldehydes
containing electron- withdrawing groups 3 (such as
nitro group, halide) or electron-donating groups
(such as hydroxyl group, alkoxyl group) were
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Tablel. Synthesis of 1,4-dihydropyrano[2,3-c]pyrazole derivatives catalyzed by MSA.

Entry X Time (min) Product m.p. (°C) Yield(%)?
Observed Reported
1 H 55 4a 172 170-171 24 87
2 4-Me 50 4b 177 177-178 21 80
3 4-OH 45 4c 213 210-212 21 90
4 3-NO; 45 4d 191 190-191 21 95
5 4-NO; 45 4e 195 195-196 121 95
6 4-Cl 50 4f 175 175-176 24 94
7 4-OMe 45 49 173 171-172 21 90
2 |solated yields
Table 2. Synthesis of 3a with MSA in the presence of different solvent
Entry Solvent Temperature Time(min) Yield(%)?
1 Water reflux 55 87
2 Ethanol reflux 70 80
3 dichloromethane reflux 120 65
4 chloroform reflux 120 66
5 Solvent-free reflux 100 60
2Yield of isolated products
employed and reacted well to give the REFERENCES

corresponding product (4) in good to excellent
yields under these reaction conditions, so we
conclude that no obvious effect of electron and
nature of substituents on the aromatic ring were
observed. We also found that the reaction did not
proceed in the case in which aliphatic aldehyde was
used. The reason we think this is the activity of
aliphatic aldehydes is less than that of aromatic
aldehyde. We performed the effect of various
solvents on the synthesis of 4a. This reaction was
carried out in various solvents such as water,
chloroform, Ethanol, dichloromethane and solvent-
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CONCLUSION

In conclusion, we have described a highly
efficient procedure for the preparation of
pyrano[2,3-c] pyrazole derivatives by a three
component condensation using MSA as a catalyst.
All the proposed reactions allowed the preparation
of products in good vyield without further
purification. The reaction products were prepared in
moderate to 5 average yields, even with different
substituted aldehydes. No harmful organic solvents
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(Pesrome)

IpocT u ehekTUBEH HAUMH pu 100BP AOOKB 3a cuHTe3 Ha 1,4-muxuaponupano[2,3-C] mupa3onu e moCTUTHAT
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[MPA30JIMH-5-0H [IPUH M3MOI3BaHE Ha METAHCYI(OHOBA KHCEJIHHA KaTO KaTalnu3aTop
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Determination of selected elements in freshwater sponge tissue,natural water and
sediments by inductively coupled plasma optical emission spectrometry
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Metal content in the samples of freshwater sponge Eunapius subterraneus which is an endemic species of karstic
underground in Central Croatia was determined by inductively coupled plasma atomic emission spectrometry (ICP—
OES). Additionally, metal content was determined in the samples of water and sediment collected at the same sampling
sites. Analytical procedure of sample preparation included acid digestion in open vessel. The accuracy of the applied
methods tested by measurement of certified reference samples of water and sediment comprised 5-10% of declared
metal concentrations. It was established that metal content (Al, Ba, Ca, Cd, Cu, Fe, Mg, Mn, Ni, Pb, Sr, and Zn)
measured in sponge tissue, water and sediment samples is related to sampling site. Influence of anthropogenic pollution
through sewage deposition was observed in slightly higher content of Al, Cu, and Zn in water, and also Cu, Pb and Zn
in sediment sample. Analysis of two morphologically different sponge samples showed different abundance of Cu, Zn,

Pb and Cd.

Key words: ICP-OES, freshwater sponge, metal content.

INTRODUCTION

Determination of metal content in aquatic
ecosystem is recognized as extremely important in
wide range of different studies which include
chemical characterization of species, routine
monitoring of environmental pollution, and studies
on the ecological and physiological role of toxic
and essential metals. Atomic spectrometry methods
based on absorption or emission of electromagnetic
radiation combined with optical or mass
spectrometers are firmly established in elemental
analysis of environmental samples and biological
tissues [1-3]. For the monitoring purposes of heavy
metal pollution in marine ecosystem several species
of marine sponges were selected as a potential
bioindicator organism [4,5]. More profound insight
on the environmental status was achieved by
determination of metal content in marine sponges
using multielement analytical techniques as
inductively coupled plasma atomic emission (ICP—
OES) or mass spectrometry (ICP—MS) [6].

Sponges are sessile organisms which have a
property of filtering a large volume of water and
accumulate metals and other contaminants from the
environment. Recent investigations in this field
describe the influence of some toxic metals and
other pollutants on sponge cell aggregation [7-9].

* To whom all correspondence should be sent:
E-mail: roncevic@chem.pmf.hr

The uptake of metals is usually influenced with
type of metal species and concentration present in
either water or sediment, genus of the sponge, and
habitat as well [10,11].

Although sponges are wide-spread in marine
environment, only a minor number of organisms
inhabit groundwater. All freshwater sponges are
classified in  the Demosponigae, family
Spongillidae. Published studies of metabolites of
freshwater sponges, namely lipid compounds,
included analytical methods as NMR, HPLC, CE,
IR and UV [12,13]. The data on element
distribution in freshwater sponges are rarely
represented in the literature. One of recent
examples is the study of element composition of
Baikal sponge tissue by ICP—MS which showed the
degree of trace elements accumulation [14].

In this work, an inductively coupled plasma
atomic emission spectrometry (ICP-OES) is used
for the determination of selected metal content in
sponge tissue, natural water and sediment samples
which were collected from karstic region in Central
Croatia. The centre of the region is the city of
Ogulin with geographic coordinates: latitude 45°
15' 58N and longitude 15° 13" 43E. The Dinaric
karstic area of Croatia Republic is well known as
the richest reserve of the subterranean water fauna
with high number of endemic species with sponges
as a specific example. The only specialised
subterranean freshwater sponge known to date is

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 401
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the Eunapius Subterraneus Sket & Velikonja, 1984,
which includes two morphotypes that inhabit
exclusively the Kkarstic subterranean waters of
Ogulin region [15,16]. Poor natural purification
ability of karstic water streams indicates that
monitoring of possible pollution in such ecosystems
is of crucial interest. From the first description of
endemic sponge species in 1984, there was no
systematically collected data on the sponge status.
The recent investigations were conducted in order
to analyze key morphological features, to record the
distribution patterns and to examine the current
state of habitat quality and population—threatening
changes in the environment [17]. In order to record
the present status and to provide the base for the
further comparison of possible changes in the
ecosystem, the content of the selected metals was
determined in sponge tissue, as well as in water and
sediment samples collected from habitat.

EXPERIMENTAL
Instrumentation

A Prodigy High Dispersion ICP inductively
coupled plasma optical emission spectrometer
(Teledyne Leeman Labs, Hudson, NH, USA) was
used for the metal content determination in all
samples. The specifications of spectrometer are

Table 1. Specification of the spectrometer and ICP source

given in Table 1 and operating parameters of
instrument are given in Table 2.

Emission lines of elements measured in this
work (Al, Ba, Ca, Cd, Cu, Fe, Mg, Mn, Ni, Pb, Sr,
and Zn) were selected after collecting spectral
images on L-PAD detector. Several intense and
weak analytical lines of each element were
measured simultaneously without blooming or
saturation of detector. The best ones, i.e. lines
without spectral and background interferences
which showed maximal signal-to noise ratio were
chosen for analysis. Emission lines of selected
metals along with method detection limits are given
in Table 3. The detection limits were calculated in
accordance to IUPAC recommendation, i.e. as the
concentration equivalent to three times standard
deviation (30) of the signal of the method blank
solution.

RESULTS AND DISCUSSION

Methanesulfonic acid (MSA) is an alkylsulfonic
acid, which has numerous applications, for
example, as an esterification or alkylation catalyst,
as a polymer solvent, in the electroplating and
electrochemistry industry, etc. MSA also is an
effective reagent for the conversion of alcohols into
corresponding amides [12], Fries-rearrangement
[13], Beckmann rearrangement [14], hydration of

Spectrometer

Prodigy high-dispersion echelle spectrometer with dual-viewing optics

(radial and axial) , Teledyne Leeman Labs, Hudson, NH, USA

Focal length 800 mm
Grating

Dual Pass Prism
Wavelength range
Resolution

Detector

Echelle grating 52.13 gr/mm, format of 110 mm x 110 mm UV grade
fused silica prism

165 nm — 800 nm

< 0.00075 at 200 nm (standard 40 um x 100 pum entrance slit)

Large Format Programmable Array Detector L-PAD

(28 x 28 mm, 1026 % 1026 pixels)

Rf generator Free-running

Frequency 40.68 MHz

Power output 600 to 2000 W

Nebulizer Pneumatic (glass concentric - SeaSpray)

Spray chamber Glass cyclonic

Plasma torch Fassel type, three concentric quartz tubes, dual-view torch
Pump 12-roler computer-controlled four channels peristalstic pump

Table 2. Operating conditions

Incident power

Outer argon flow rate
Auxiliary gas

Carrier gas flow rate
Liquid uptake rate
Nebulizer pressure
Integration time

1.1 kW

18 L min-t
0.8 L mint
0.9 L min*t
1.5 mL min?
36 psi

10s
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Table 3. Line selection and detection limits

Analytes, wavelengths,  Detection limits in pure

A, nm solvent, ¢, ug L
Al | 308.215 3.05
Ba 11 493.409 0.13
Ca ll 396.847 5.88
Cd1214.441 0.61
Cul 324.754 0.64
Crll 267.716 2.88
Fe 11 259.940 2.02
Mg Il 279.553 3.95
Mn 11 257.610 0.41
Ni Il 231.604 2.21
Pb Il 220.353 6.10
Sr 11 407.771 0.06
Zn 1 213.856 1.13

Reagents and Test Solutions

High-purity deionised water (Milli-Q Element
system, Millipore, USA) was used for preparation
of all the sample and standard solutions. Sample
dissolution procedures were performed using
analytical grade chemicals: nitric acid (65 %)
hydrochloric acid (36 %), and hydrogen peroxide
(30%) from Kemika, Croatia. Single element
standard solutions of Al, Ba, Ca, Cd, Cu, Fe, Mg,
Mn, Ni, Pb, Sr, and Zn (Plasma Pure, Leeman Labs,
Hudson, NH, USA) and multielement standard
ICP—Mehrelement-Standardloesung 1V (Merck,
Darmstadt, Germany) were used for the preparation
of calibration standard solutions and control of
plasma positioning. All calibration standards were
prepared by appropriate dilution of standard stock
solutions (1 g L) to obtain the concentration range
from 1 to 100 mg L.

Strategy

Study area. The study area is located in Central
Croatia: Medvedica, Zala, Gojak and Tounjcica.
The Karstic system of underground caves in Ogulin
region of Croatia is known as habitat of several
endemic species. Subterranean sponge had
inhabited the Medvedica cave system in the past,
precisely in 1984 and 1986. No sponge species was
found during last sampling in the Medvedica cave.
In earlier period some attempts of pedological
investigations were made, but afterwards no
sustained research of this site has been conducted
[18].
Sampling

Water samples: Water samples were collected by
scuba diving in winter season when water level was
at lowest. Samples of natural water were taken from
four caves: Medvedica, Zala, Gojak and Tounjcica
and preserved according to ISO 5667- Water
quality sampling [19].

Sediment samples: The samples of sediment were
collected from the cave Medvedica. All samples
were stored immediately in a cool box then
transferred to a refrigerator, where they were stored
at 4 °C. Before the digestion, samples were ground
in a Retsch BB51 (Haan, Germany) grinding mill
and sieved to particle size < 100 pm. Powdered
samples were dried in drying oven at 105°C [20].
Freshwater sponge samples: Samples of sponges
were accessible for collection only in two caves:
Gojak and Tounjcica. Samples of sponge from the
cave Tounjcica were egg-shaped, they had
irregularly wrinkled surface with a size of
approximately 3 cm. Other samples from the cave
Gojak were cone—shaped with smooth surface and
sized approximately 2 cm. Each of sponge samples
was washed several times in distilled water in order
to remove the majority of viewable sediments and
small pieces of impurities. Additional cleaning was
performed by washing with high—purity deionised
water in ultrasonic bath for 20 minutes. Sponges
were dried in drying oven at 105 °C. Dried residues
were grinded in agate mortar.

Digestion procedures

Sediment samples: After drying of powdered
sediments, a weighted amount of 100 mg was
transferred into Kjeldahl flasks. The analytical
digestion procedure included repeated addition of 5
mL aliquots of HCI / HNOs; mixture [21]. The
remaining acidic solutions were transferred into a
50 mL volumetric flask and filled up to mark with
high—purity deionised water. In order to control the
accuracy of the preparation procedure, the solution
of reference stream sediment sample NCS DC
73309 (China National Analysis Center for Iron
and Steel) was prepared in the same way.

Freshwater sponge samples: The limited amount of
endemic sponge tissue samples was the prevailing
condition for the selection of digestion procedure.
Despite the fact that digestion of biological samples
in a closed system such as microwave oven has a
notable advantage because the volatilization losses
can be minimized [22], the open vessel digestion
was the method of choice. An amount of 20 mg of
the powdered sample of sponge tissue was
weighted and transferred into Kjeldahl flasks. The
analytical digestion procedure in open vessel
included subsequent addition of mineral acids [23].
A volume of 2 mL of conc. HNO3; was added into
flask and heated until approximately 0.5 mL of
starting solution was remained. After cooling, 1
mL of conc. HCI was added and the flask was
heated again. Procedure was repeated in several
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steps until the clear solution without any precipitate
was remained. A volume of 1 mL of hydrogen
peroxide was then added into flask and solution
was heated until complete peroxide was boiled.
The remaining acidic sample solutions were
transferred into a 50 mL volumetric flask and filled
up to mark with ultra-pure deionised water. A
method blank was prepared by following the same
procedure.

Water samples: Natural water samples were filtered
through PTFE filters with 45 um pore size to
remove the bulk of sediments and suspended
materials. In order to achieve the better sensitivity
of trace metal determination in water samples, an
amount of 500 mL of collected water was
preconcentrated by evaporation till dryness. Solid
residues were dissolved in the same manner as
sponge residues by HNOs; and HCI addition. The
final acidic solutions were transferred into 50 mL
volumetric flasks and filled up to the mark with
high-purity deionised water. For the control of
possible acids impurity effects, the procedure was
also repeated using high-purity deionised water to
obtain the blank sample. In order to control the
accuracy of the analytical procedure, the reference
sample of water SLRS—4 River Water Reference
Material for Trace Metals (National Research
Council of Canada) was treated on the same way.
All samples were prepared and analysed as
replicates.

RESULTS AND DISCUSSION

Determination of Ba, Cd, Cu, Mn, Ni, Pb, Sr and
Zn in the presence of Al, Ca, Fe, Mg as matrix
constituents in sediments
Certified reference materials stream sediment
sample NCS DC 73309

Analytical procedure of sediment digestion was
checked by use of certified reference material of
stream sediment (NCS DC 73309) and the obtained
results are shown in Table 4.

Table 4. Analysis of certified reference stream sediment
sample NCS DC 73309

. 1 RSD, wP, mg g*
Element w2 mg g* found % certified
Al 48.298 + 6.661 12.0 54.885 +0.875
Ba 0.276 £0.030 9.42 0.260+£0.017
Cu 0.086 = 0.005 5.81 0.079 £ 0.003
Fe 2.769 +0.224 7.04 (3.070)
Mn 2.348 £ 0.059 2.17 2.490 £ 0.084
Pb 0.571 £0.064 9.80 0.636 = 0.022
Sr 0.030 &= 0.001 3.33 0.029 £+ 0.001

Aw=x=+Ax (n=6) bW = mean + ass.unc.
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Statistical comparison of obtained data was
performed by two-paired t-test at significance level
of P = 0.05. Calculated t-value of 1.003 is lower
than critical value of 2.47, which means that two
sets of values were not significantly different. The
recovery of metal content for the most of declared
elements lay within 10% of certified values. By
knowing that the accuracy of ICP—OES method is
usually 10% depending on applied analytical
procedure, the obtained results imply quite
acceptable  preparation  and measurement
conditions. Slightly negative bias was established
for Al (88%) and Pb (89.8%), which might be
partly denoted to incomplete digestion. The other
reason of lower concentration could be explained
by mode of emission measurements in plasma
which is adjusted for simultaneous multi—element
collection of signal, usually called compromise
conditions.

Sediment sample from the Medvedica cave

It was already mentioned that subterranean
sponge had inhabited the Medvedica cave system in
the past, but no sponge species was found during
the last sampling in the Medvedica cave. In earlier
period some attempts of pedological investigations
were made, but meanwhile, habitat was changed
under great pressure of groundwater and water
pollution. The sediment samples which were
collected at this site was analysed by ICP-OES
method and the measured metal content is given in
Table 5.

Table 5. Metal content in sediment samples from the
Medvedica cave

Element w? mgg? RSD, %
Al 76.8 +10.1 11.4
Ba 0.24 +£0.02 8.33
Ca 51.9+4.7 7.90
Cd 0.0112 +0.0009 7.14
Cu 0.160 £ 0.009 5.00
Fe 478 +2.6 481
Mg 14.8+0.3 2.03
Mn 11.2+0.2 1.78
Ni 0.090 £0.010 10.0
Pb 0.070 £ 0.007 8.57
Sr 0.140 £0.003 2.14
Zn 0.530 £ 0.060 10.0

AW =x=*Ax (n=6)
Since additional sediment sampling was

disabled, the metal concentrations showed in Table
5 could be compared to the recorded data of same
sitt. which were formerly obtained by
spectrophotometric measurements of Cu, Fe, Mn,
Pb and Zn [18]. Measured concentration of Mn is
slightly higher than content of 8.5 mg g published
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before. Two—fold higher concentrations of Zn
compare to previous 0.25 mg g* was established in
our measurements. Almost five—fold higher iron
content in sediment compare to published 10.5 mg
g’ of Fe was noticed here. As opposed to formerly
published data for Cu and Pb of 0.020 mg g* and
0.005 mg g, ten—fold higher concentrations of
those metals are observed in present sediment
sample. Generally, the obtained results did not
exceed the maximum permissible concentrations of
heavy metals which were prescribed by domestic
regulations of quality of soils. However, the
intention of rising heavy metals concentration was
noted here. One of the probable reasons for such
change in chemical composition of sediment at
same sampling site is that during last decades an
additional load of sewage water flew through the
underground cave system.

Determination of Al, Ba, Ca, Fe, Mg, Mn, Na and
Sr in water samples

Determination o Al, Ba, Ca, Fe, Mg, Mn, Na and Sr
in certified standard water SLRS—4.

Analytical preparation of water samples
included preconcentration step and for this reason
the accuracy was checked using certified reference
sample of water (SLRS—4). The obtained results
showed in Table 6 impute the factor of 10 to
measured values because of the 10—fold sample
preconcentration.

Table 6. Analysis of certified reference water sample
SLRS-4

Element 9y mgL'found RSD, »°, mg Lt

% certified
Al 0.060 £+ 0.005 6.67 0.054+0.004
Ba 0.013 £0.001 7.69 0.012+0.001
Ca 6.70 £ 0.40 522 6.20+£0.19
Fe 0.095 £ 0.005 421 0.103 +0.005
Mg 1.55+0.09 516 1.60+0.10
Mn 0.0033 +£0.0001 3.03 0.0031 +0.0007
Na 2.57+0.06 194 240+0.19
Sr 0.026 £ 0.001 3.85 0.026 +£0.003

dy=x= AX (n=6) Py = mean + ass.unc.

Statistical comparison of two sets of data was
performed by two-paired t-test at significance level
of P = 0.05. Calculated t-value of 1.198 is lower
than critical value of 2.364, which means that two
sets of values were not significantly different.
Compared to general ICP method accuracy of 10%
it is obvious that recovery of selected metal content
was satisfactory for all measured elements.

Determination of Al, Ba, Ca, Fe, Mg, Mn, Na and
Sr in natural water samples, collected from four
sampling sites

Samples of natural water collected from four
sampling sites were analysed by ICP-OES. The
measured content of metals in water samples
collected from underground cave system is
represented by Figures 1 and 2.
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Fig. 1. Major metal constituents of water samples.
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Fig. 2. Trace metal constituents of water samples.

The concentration values included
preconcentration factor of 10 and precision measure
expressed as relative standard deviation of three
replicates. Good precision of measurement (RSD <
2.0%) was obtained on all selected lines. Metal
concentrations are showed in separate figures due
to different scaling of major and minor constituents.
The measured content of Ba and Cr did not exceed
the detection limits in all analyzed samples. The
measured content of principal constituents in
natural water showed slightly variations between
15-20 mg L of Ca and 3-5 mg L of Mg. The
groundwaters in karstic area are moderately hard
(140-215 mg L of CaCOs) with low content of
non-carbonate ions. In typical karst water the ratio
of Ca/Mg content usually ranges from 2.5 to 5 [24].
This ratio is confirmed in all samples measured in
our work. However, the lower content of Ca and
Mg than in typical moderately hard water was
established here which classify examined samples
in a class of soft water. From the measured content
of other metals showed in Figures 1 and 2, a
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significantly higher Al and Zn concentrations and
slightly higher Fe, Cu, Ni, and Pb concentrations
were measured in water from Medvedica cave than
in other three caves. The lead content measured in
samples from Medvedica, Zala and Gojak was
slightly higher than maximum permissible
concentration of 0.01 mg mL™* which is prescribed
by the domestic regulations of natural water
quality. The observed results imply that continuous
pollution through sewage and waste dumping
occurs and it is especially pronounced at the site
Medvedica [17]. Moreover, the fact that from the
recent investigations of distribution of the sponge
Eunapius subterraneus which showed that they are
not found in the Medvedica cave where was
inhabited in the past could be explained by obtained
results of metal concentrations.

3.3. Determination of Al, Ca, Fe, Mg Ba, Cd, Cu,
Mn, Ni, Pb, Sr and Zn in freshwater sponge
samples

Two morphotypes of sponge Eunapius
Subterraneus were analyzed in this work, i.e. the
egg-shaped sponges with irregularly wrinkled
surface from the Tounjcica cave and the cone—
shaped with smooth surface from the Gojak cave.
Sponge tissue analysis included complete
individual organisms because they were rather
small; their base was about 1 cm? with up to 3 cm
in height. Consequently, digestion procedure which
started from dried tissue included weighted
amounts of 20 mg of analytical sample. Although
the sample mass was restricted, the advantage of
ICP-OES method to show excellent linearity in
trace and major constituent presence was
confirmed. Precision from three replicates of signal
measurement was satisfactory for all elements
determined and gave the RSD < 1.5%. Since no
reference sample for sponge analysis is available,
the control of analytical procedure was based on
analysis of the same reference sample of stream
sediment used in sediment sample analysis. The
main reason for selection of this material is the fact
that besides spongin the sponge skeleton is built out
of silica spicules and carbonates. It means that after
removal of organic substances during sample
preparation, this reference material could fit as the
most likely to inorganic residue. For this purpose, a
smaller amount of 10-20 mg of NCS DC 73309
was digested to check the accuracy at low sample
size. The obtained results matched all of measured
recoveries from greater scale of 1 g of starting
reference material which is presented in Table 4.
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Metal concentrations in sponge samples are shown
in Figures 3 and 4.
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Fig. 4. Trace metal constituents of sponge samples.

The results are expressed as weight ratio, i.e.
microgram of element mass per gram of dried
sample mass and they include the precision of
measured replicates. Ba and Sr were not detected.
The concentrations of Ba and Sr in the real samples
are below the detection limits. The obtained results
mutually show some notable differences regarding
to sponge morphotype. Among the major
constituents, the different weight ratio is evident for
Al, Ca and Fe content (Fig 3). The slightly different
content of Cd and Pb is also noted in two kinds of
sponge samples (Fig 4). The remarkable higher
concentration of Cu and Zn in cone-shaped sponges
from Gojak cave compared to egg-shaped sponges
from Tounjcica cave was established by
measurements. By general comparison of element
concentrations present in sponge samples with the
metal content measured in water from the same
sampling sites, the greater element concentrations
in sponge samples was established. Chemical
composition of sponge is mostly affected by the
water environment, but sponges of different classes
and habitats have different capacities of metal
accumulation.
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The majority of published data concerning the
determination of metal content deal with marine
sponge organisms. Usually, investigations are
conducted in order to examine the influence of
heavy metal pollution on estuarine systems
[4,5,11]. A higher level of Cd, Cu, and Zn content
than samples from surrounding marine area was
noted. The accumulation of bivalent metals by
sponges at different stages of growth was studied
on examples of marine sponges, too [7-9]. It was
found that bioaccumulation of some toxic metals,
i.e. Cu, Pb and V, can alter the behaviour and the
physiological response, such as change in shape
and growth rate. It was shown that moderate
concentrations of Cu and Cd can have positive
effects on sponge by enhancing cell aggregation,
but long term exposition may alter cell functions.
The mechanism of Cd accumulation in sponge
tissue is favoured at low pH and low salinity of
marine system. Generally, most of the studies
confirmed the potential of marine sponges as
biomarker organisms in the monitoring of marine
pollution.

Unfortunately, there are only a minor number of
published data on metal content in freshwater
sponge species. Considering the class of
Demospongie, family of Spongillidae, the
investigations are primarily focused on isolation of
lipid compounds and on phosphatic metabolite
variation with changes of habitat [12,13]. The
representative work in metal content analysis of
endemic family Lubomirskiidae of freshwater
sponges is undoubtedly the paper of Paradina et al.
[14]. This investigation presents the ICP-MS
analysis of nineteen elements in Lake Baikal
sponges where authors observed lower metal
content than in family of Spongillidae. The
accumulation of biologically active elements such
Mn, Cu and Co, but also the considerable Cd
guantities were established in their work.

Each sponge species has its own spectrum of
accumulation of elements which disables mutual
comparison of metal content accumulated by
different classes of sponge. Metal content in
endemic species of Eunapius Subterraneus studied
in our work emphasise this statement. The
relationship between established Cu and Zn content
of two morphotypes of sponge and the same
elements content in water should not only be
attributed to accumulation from water environment,
but also to characteristics of sole specie. In
addition, a possible pollution impact could hardly
be driven based on those first results of metal
distribution patterns in sponge and water from

underground habitats. Therefore, the obtained
results could serve as the base for the future
investigations in  aspect of environmental
monitoring or study of biological response of the
endemic Eunapius subterraneus species on changes
of chemical parameters in water and sediments.

CONCLUSION

Inductively coupled plasma atomic emission
spectrometry (ICP—OES) was used in determination
of metal content in samples of freshwater sponge
Eunapius subterraneus which is the endemic
organism of Central Croatian Kkarstic caves.
Analysis of two morphologically different sponge
samples collected at two different locations, shows
mutual variation in content of trace metals (Cu, Zn,
Pb and Cd). Although, the causal connections
between trace metal accumulation and morphotypes
appearance was not targeted in this stage, the
obtained data, especially for Cu and Zn, shows that
indicators of different metal accumulation are
inherent to studied subspecies. The metal content in
water collected from habitats and also from the
neighbouring sites, where sponges had been spread
in the past, was also determined. Greater
concentrations of Al, Cu, and Zn in waters exposed
to anthropogenic pollution were measured. Also,
the greater concentrations of Cu, Pb and Zn in
sediment sample from Medvedica cave in
comparison with previous investigations were
established here. The obtained results coincide with
the fact that sponges do not inhabit this cave system
as it was in the past. Present study comprises the
determination of metal distribution patterns in
freshwater sponge tissue for the first time.
Consequently, the collected data provides the base
for the further projects in active conservation of
threatened  Eunapius  subterraneus  species
especially when very high risk of extinction is
already known.
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OIPEAEJISIHE HA U3BPAHU EJIEMEHTU B ThbKAH OT CJIAIIKOBOIHH I'bBH,
I[MPUPOJHU BOAU 1 YTAUKHU YPE3 OITTUYHA EMUCHUOHHA CIIEKTPOMETPUSA C
NHAYKTUBHO CBBHP3AHA IVIABMA.

C. Ponuesuy, JI. I1. CBenpyxud

Jlabopamopus no ananumuuna xumus, Jenapmamenm no xumus, Qaxyimem no Hayku, 3azpebcku Yrueepcumem,
Xopsamosax 1024,HR — 10000 — 3aepe6, Xvpsamus

IMoctemuna Ha 12 rouu 2013 r.; kopurupana Ha 28 asryct 2013 r.

(Pe3stome)

MeTasHOTO ChIBpXKaHKHE Ha MPOOH OT CagKOBOAHHU I'bOM Eunapius Subterraneus, KouTo ca eHIEMHYEH LIaM
OT KapCTOBHUTE MOA3eMHH pacTeHus B LleHTpanHa XbpBaTus, € ONpeieNnsHO Ype3 aTOMHO-EMHUCHOHHA CIIEKTPOMETPHS C
MHIYKTHBHO cBbp3aHa miasma ( ICP — OES ). B nombiiHeHHE, ChIBPKAHHETO Ha METAaIH € ONPECISIHO BbB BOIHU
mpobn W yTaWkd, CHOMpaHM OT HAKOM ITYHKTOBE 3a NMpoOoHaOMpaHe. AHaNIWTHYHATA Tpoleaypa 3a obpaboTka Ha
mpobara BKIIIOYBa KHCETMHHAa 00paboTKa B OTBOpEH CBHJ. TOYHOCTTa Ha NPWIOKEHHUTE METOJIH, TECTBAHH dpe3
HW3MEpBaHE Ha CepTUGHUIMPAaHH pedepeHTHH MpodbW Ha BOAA W yTaiKa, € OT mopsabka Ha 5 — 10 % oTkinoHeHue ot
JIEKJIApUPAHOTO ChIbPXKaHUE Ha MeTajn. Jloka3aHo e, 4e chabpikanueTo Ha metanu (Al, Ba, Ca, Cd, Cu, Fe, Mg, Mn,
Ni, Pb, Sr u Zn), usmepeHo B reOHWTE THKaHW, BOJATAa M yTAaeYHUTE MPOOH, CHOTBETCTBA HA TOBA OT IYHKTAa 3a
npobonabupane. 3abensi3Ba ce BIAMSHIE Ha aHTPOMIOTEHHOTO 3aMbPCSIBAHE OT KAHATHU OTMAIBIN B JIEKOTO 3aBUIIIABAHE
Ha chabpikanueto Ha Al, Cu u Zn BBB Bojata, a cbuio u Ha CU, Pb u Zn B npobure oT yraiika. AHaIM3UTE HA J(BE
MOP(}OJOTHYHO PA3NIUYHU FBOMYHE IPOOU MOKA3BaT pasiuka B ChAbpkanuero Ha Cu, Zn, Pb u Cd.
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The aim of this study is to investigate the possibility for application of sulfate containing water soluble polymer in
hydration process of CsA (Tricalcium aluminate). XRD was employed to investigate hydrated C3A and it was
confirmed that some part of the macromolecules of applied admixture were included in hydrated inorganic crystals.

Key words: XRD, sulfate containing polymer, CzA.

INTRODUCTION

The cement admixtures with sulfate group (-
SOsH) are one of the biggest groups of
superplasticizers for cement. Many producers of
cement admixtures use materials from this group.
The application of supfonated polystyrene (SPS)
for superplasticizer of cement was studied in [1]
and it was confirmed by XRD, that some part of the
SPS macromolecules was included in inorganic
crystals of hydrated CsA (Tricalcium aluminate). It
is well known, that CsA was part of cement and
reacted with gypsum. It was also reported in the
literature, that the admixtures were adsorbed and
consumed to form an organo-mineral phase [2].
Nawa Toyharu investigated different copolymers
and the obtained results demonstrated that the
polymers with longer graft chains showed better
dispersing stability with small amount of adsorption
[3]. Kazuo Yamada et al. studied polycarboxylate-
type superplasticizer by sulfate ion concentration in
aqueous phase [4]. The maxima in XRD data of this
additive were given in many articles [5]. It is well
known that the inclusion of some atoms in the unit
cell of the materials leads to shift of their maxima
and change of the values of 2@ [6]. In this way,
with XRD was possible to confirm the inclusion of
parts of the macromolecules of the applied
admixture in the unit cells of inorganic crystals.
The application of polymers of 2-Acrylamido-2-
methylpropane sulfonic acid:

* To whom all correspondence should be sent:
E-mail: ivg@uktm.edu
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(CAS Number 15214-89-8) (PAAMPSA) for
superplasticizer of cements was described in the
literature [7,8]. With this investigation we like to
have better understanding for the interaction of
hydrated CsA with this compound. This material
was with known structure and chemical
composition for the difference of cement, which
composition  depended from applied row
materials.to analyze key morphological features, to
record the distribution patterns and to examine the
current state of habitat quality and population—
threatening changes in the environment [17]. In
order to record the present status and to provide the
base for the further comparison of possible changes
in the ecosystem, the content of the selected metals
was determined in sponge tissue, as well as in water
and sediment samples collected from habitat.

EXPERIMENTAL

The laboratory made sample of CsA was
prepared according method described in [9] from
raw materials: CaCO; and AI(OH);, GR for
analysis (Merck). After analyses were made,
samples: reference - CsA: distilled water = 1:1 and
mixtures with 0.3 and 0.5% PAAMPSA like 2%
water solutions, mixed with applied distilled water.
20% TiO, technical grade (Cristal Global) was
added in the investigated samples. XRD were made
by apparatus TUR — M 62 (CuKg, A= 1.54056 nm),

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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speed 1%min. The hydratation of all samples lasted
24 h. The free water was separated by filtration and
the dry materials were obtained in oven at 60°C,
grinded in agate mortar and kept in sealed
ampoules. The values of all maxima: the position of
the maxima - 20, grad, the shift of maxima in a
presence of PAAMPSA - A®, grad, the intensity
1,% and the values of the width at half maxima
Ahy> were calculated from the XRD patterns.

RESULTS AND DISCUSSION

Water soluble polymer with sulfate group — poly
acrylamidopropionic sulfonic acid (PAAMPSA)
was used in this investigation. The application of
PAAMSA like superplasticizer was studded by
several methods, described in BSS EN 934-2 by
cement, produced from Holcim Bulgaria, but the
obtained results take place in other our manuscript.
This polymer has no free sulfuric acid, applied for
production of SPS and thus it is not necessary to
eliminate H,SO, with BaCl; like in the study of this
admixture. For better accuracy of XRD
measurements, it was used 20% additive TiO;
which has well known XRD pattern.

The results from XRD investigations are given
in tables 1,2,3 and 4. The results in table 2 are
similar with those given in the literature [10]. In
fact, there are small differences in the values of
some maxima, but this may be due to the
differences in the investigated materials. The results
from the XRD investigation of hydrated CsA with
20% TiO2 and 0.5% PAAMPSA are given in in
table 3.

Table 1. XRD results of hydrated CzA

It was evident that in the presence of
PAAMPSA there are some differences in the values
of maxima of hydrated CsA with and without
admixtuer. The reason for these differences could
be a result from including of some part of the
macromolecules of applied admixture in the
obtained crystals. In the Introduction is given
information for this process. There are only few
works in support this hypothesis. Biagini et all [11]
reported the decreased fluidity of cement paste with
sulfurated  polystyrene-based  admixture by
molecular weight 50000 and explained this with
adhesion of the long single polymer chain to
different cement grains and formation of
coagulation due to the generation of bridge effect.
This effect was described also by Kim [12]. The
values of maxima for TiO- in the table 3 have no
differences, because the crystals have the same
structure before and after hydration. It is evident,
that only the data in table 3 for crystals of hydrated
CsA are changed in the presence of investigated
admixture PAAMPSA. From the obtained XRD
patterns are calculated and the values of Ahy;, of
some maxima. The results are given in table 4
which are consistent with the hypothesis for the
inclusion of parts of macromolecules of
PAAMPSA in inorganic crystal of hydrated CsA.

It is evident that with increasing of the quantity
of the admixture from 0.3 to 0.5% in the
investigated samples leads to increasing of the
values of Ahy;, of some maxima which confirms
that some parts of macromolecules of applied
admixture are included in the crystal of hydrated
CsA.

20, grad 17.30 20.00 26.80 28.20 31.70 31.70
1,% 100 48.15 50.62 38.27 83.96 23.46
20, grad 34.70 36.30 39.50 44.70 52.90 55.00
1,% 14.81 25.93 97.53 91.34 34.57 50.62
Table 2. XRD results of applied TiO,
20, grad 27.70 36.20 39.40 41.40 44.10 55.58 56.70
1,% 100 39.17 6.67 17.50 6.67 43.33 11.25
Table 3. XRD results of hydrated C3A with 20% TiO, and 0,5% PAAMPSA
20, Grad 17.40 20.05 26.90 27.70 28.30 31.90 32.20 34.90 36.20
A®,Grad +0.1 +0.1 +0.5 - +0.1 +0.2 -1.5 +1.6 -
1,% 100 3429 42.86 100 40 65.71 11.43 8.57 29.12
20, Grad 39.30 4140  44.80 52.5 54.50 55.58 56.70
A®,Grad -0.2 +0.05 +0.1 -0.4 -0.5 - -
1,% 96.30 8.95 77.78 25.93 81.48 23.13 8.05
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Table 4. Results for Ahy, of some maxima in XRD patterns of hydrated CsA with 20% TiO., 0,3% and 0.5 %

PAAMPSA
20, Grad 17.30 28.20 34.70 39.50 44.70 52.90 55.00
Ahyjp, C:A mm. 0.6 1 0.8 0.9 0.8 0.8
Ahip,mm.with  20%TiO,, 0,3% 0.7 1.2 1 1 1 1
PAAMPSA
Ahij, mm with 20%TiO,, 0,5% 0.8 1.8 1.2 1.3 1.2 1.3
PAAMPSA

CONCLUSION 4.K. Yamada, Sh. Ogawa, Sh.e Hanehara, Cement and

The study demonstrates that water solution of
PAAMPSA, made in lab. of Chemical faculty of
Sofia state university “St. Kliment Ohridsky” like
admixture can be used as a superplasticizer having
a profound effect on the hydration process and
suggests that some parts of its macromolecules are
included in the inorganic crystals of hydrated CsA.

Acknowledgments: The authors thanks to prof.
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(Pesrome)

LlenTa Ha Ta3u cTaTyd € Ja ce M3CiIe/iBa Bh3MOXKHOCTTA 32 IIPHIIOKEHHE Ha CyI(aTChIbpKaIl BOAOPA3TBOPUM
nosiMMep B miporieca Ha xuaparanus Ha C3A ( Tpukamues anymusart ). M3nomssan e XRD 3a nscnensane na C3A u e
HAMpPaBeHO 3aKJIIOYCHHUE, Y€ HAKOM YacTH OT MaKpOMOJIEKYJIUTE Ha M3II0JI3BaHATA CMEC CE BKIIFOUBAT B XUAPATHPAHUTE

HCOPraHn4YHU KpUCTAJIH.
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Royal jelly (RJ) is commonly consumed for its nutritional properties and it has been widely used in commercial
medical products, health foods and cosmetics in many countries. Because of the high price of this product, sometimes
RJ can be adulterated by adding other less expensive products, like drone brood (DB). Proper identification of both
important products RJ and DB requires complete analysis and determination of major compounds in order to find
precise descriptors for their accurate characterization. To investigate the effect of adulteration with DB, the chemical
composition on mixtures of RJ and DB were analyzed. Seven RJ sample and seven DB samples were analyzed for
water content, protein, fructose, glucose, sucrose, total sugars, pH, total acidity and electrical conductivity. In addition,
these parameters were applied to mixtures of RJ and DB samples. All samples were collected from the experimental
apiaries of Institute of Animal Science (IAS) and stored at -20 °C before analysis.

Key words: Royal jelly, Drone brood, Bee brood, Chemical composition, Cluster analysis.

INTRODUCTION

Royal jelly (RJ) is a secretion from the
hypopharyngeal and mandibular glands of worker
bees (Apis mellifera L.) and it is the exclusive food
of the queen honeybee larva. This secretion is a
yellowish, creamy and acidic material with a
slightly pungent odor and taste [1]. RJ is a very
valuable bee product due to its antioxidant,
antibacterial, antifungal and therapeutical properties
which are related to the content of different
bioactive compounds [2-5]. The composition of RJ
is quite complex. It comprises water (60—70%),
proteins (9-18%), carbohydrates (7-18%), lipids
(3-8%), minerals (0.8-3%), vitamins and amino
acids [6, 7]. RJ is a valued bee product which is
used and sold pure or mixed with other bee
products such as honey, propolis, etc.

Drone brood (DB), comprising a mixture of drone
larvae, is close to RJ in some physicochemical
characteristics and composition but at different
rates. Bee brood has nutritional value and it is
increasingly used as a health food supplement. This
nontraditional product can also offer a readily
accessible and cheap source of biologically active
substances, but its biological activity is much lower
than that of RJ. From chemical point of view, DB
contains water (65-80%), proteins (10-20%),
carbohydrates (10-15%), fatty acids and lipids (4—
8%), minerals K, Na, Ca, Mg (1-1.5%), amino

* To whom all correspondence should be sent:
E-mail: r.balkanska@gmail.com
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acids and hormones (testosterone and estradiol) [8—
11]. Various methods have been identified for
adulteration of RJ most frequently by mixing it
with DB. Garcia-Amoedo and Almeida-Muradian
[12] have analyzed the physicochemical profile of
the RJ adulterated in different proportions by the
following adulterants: natural yogurt, pure water,
starch corn slurry, a mixture of sweet condensed
milk with propolis and unripe banana. Proper
identification of both important products RJ and
DB requires complete analysis and determination of
major compounds in order to find precise
descriptors for their accurate characterization. In
the present paper various RJ and DB samples have
been analyzed and characterized for major
component content. To the best of our knowledge
the composition of RJ adulterated with DB has not
been fully studied until now. Statistical analysis of
results obtained allows precise identification of
both products. Such information and data are
essential not only from scientific point of view, but
it is also important for practical purposes in order
easily and efficiently to assess the authenticity of
this both commercial product.

EXPERIMENTAL

Samples. Seven RJ samples, seven DB samples
and mixtures of them were analyzed. All samples
were collected from experimental apiaries of
Institute of Animal Science during the period May
— August 2011 and were stored at -20°C until

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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analysis.

Preparation of the adulterated RJ samples. 12-
14-day-old DB larvae were taken from the DB cells
and were immediately smashed. Mixtures of DB
larvae were filtrated and added to the RJ samples in
a proportion of 1:1, 1:2 and 2:1 (w/w). The samples
were shaken to obtain homogeneous solutions. The
adulterations with DB were prepared in the
laboratory and the samples were kept in the freezer
at -20 °C until the moment of the analysis.

Methods. In brief, the analysis was performed as
follows: sugars (fructose, glucose, sucrose) by
HPLC as proposed by Sesta [13]; proteins by Folin-
Ciocalteu reagent; water content by refractometer;
pH values — potentiometricaly; total acidity by
titration with 0.1 N NaOH according to ON
2576693-84 Fresh and lyophilized royal jelly [14];
electrical conductivity by conductometer (1% water
solution of sample) [15].

Statistical Analysis. Data were statistically
processed by Student’s t-test for the differences

between RJ and DB samples. Means and standards
deviations of means were determined with
descriptive statistical methods. Differences between
means at the 1% (p<0.001) level were considered
significant.

Cluster analysis is applied as the method for
finding different classes and groups within the
obtained data. The cluster analysis is a group of
multivariate techniques whose primary purpose is
to assemble objects based on the characteristics
they possess. The obtained results were processed
with MS Office 2007 and STATISTICA 7.0.

RESULTS AND DISCUSSION

Results for major compound content in RJ and
DB samples are summarized in Table 1 and 2.
Additionally, in order to assess possible changes in
composition of adulterated RJ, mixtures of RJ and
DB (RJ+DB) have been analyzed and the results
are shown in Table 3.

Table 1. Main components and physicochemical characteristics of RJ samples (n=7)

Parameters Mean*+SD** Ranae
Water content. % 63.39+1.75 61.00-65.20
Proteins, % 16.73£1.29 14.65-18.33
Fructose, % 4.88+0.37 4,24-5.35
Glucose, % 3.46+0.58 2.70-4.15
Sucrose, % 1.53+0.55 0.59-2.05
Total sugars, % 9.86+0.93 8.47-10.80
pH 3.95+0.09 3.804.02
Total acidity, ml 0.1 N NaOH/q 4.07+0.30 3.68-4.42
Electrical conductivity, uS/cm 205.14+8.73 194.00-219.00

*p<0.001; **SD — Standard deviation

Table 2. Main components and physicochemical characteristics of DB samples (n=7)

Parameters Mean*+SD** Range

Water content, % 70.97+0.72 70.30-72.30
Proteins, % 9.354+0.63 8.12-10.00
Fructose, % 0.11+0.11 0.00-0.34
Glucose, % 6.74+0.65 5.92-7.88
Sucrose, % 0.05+0.07 0.00-0.18
Total sugars, % 6.92+0.70 6.22-8.22

pH 6.49+0.14 6.23-6.63
Total acidity, ml 0.1 N NaOH/g 0.88+0.15 0.74-1.10
Electrical conductivity, uS/cm 161.43£10.67 144.00-178.00

*p<0.001; **SD — Standard deviation

Table 3. Main components and physicochemical characteristics of RJ samples adulterated with DB (n=7)

RJ+DB 1:1 RJ+DB 2:1 RJ+DB 1:2
Parameters Mean+SD** Mean+SD** Mean+SD**
Water content, % 67.24+0.59 65.68+0.79 68.13+0.40
Proteins, % 14.90+1.17 15.66+1.12 13.20+0.23
Fructose, % 3.17+0.14 4.244+0.29 2.30+0.13
Glucose, % 6.30+0.48 4.82+0.20 5.64+0.23
Sucrose, % 1.23+0.19 1.02+0.07 0.85+0.12
Total sugars, % 10.70+0.65 10.07+0.42 8.79+0.32
pH 4.25+0.10 4.45+0.08 5.08+0.15
Total acidity, ml 0.1 N NaOH/g 2.72+0.14 3.4340.11 2.23+0.14
Electrical conductivity, uS/cm 171.14+7.17 188.76+3.33 177.83+4.23

**SD — Standard deviation
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The comparison of results from chemical
analysis of RJ and DB samples are better visualized
in Figure 1.

20.00

16.00

12.00 aRJ
=0B

Proteins, Fructose, Glucose, Sucrose Total pH Total
% % % % sugars, % acidity, ml
01N
MNaOH/g

Fig. 1. Average values of proteins, sugars, pH and total
acidity of RJ and DB samples (n=7)

8.00

6.00

0.00 -

RJ DB RJ+DB 1:1  RJ+DB 2:1 RJ+DB1:2

Fig. 2. Average values of sugar profile of RJ, DB
samples and their mixtures (n=7)

The results for the average protein content
showed relatively narrow range of variation and
demonstrated that RJ samples contained almost
twice higher protein amount than DB samples. It
might be suggested that protein concentration could
be a good descriptor for RJ identification. However
as can be seen for RJ+DB mixtures protein amount
is very close to this of pure RJ (the amount of
protein in RJ+DB 1:1 samples is 14.90% and this
value is similar to minimal value for pure RJ
(14.65%) (see Table 1) which mean that DB
proteins quantity should not be the only one
descriptor for RJ identification.

Sugars represent second major fraction of
compounds in RJ and DB — as a rule the
monosaccharides fructose and glucose are the most
abundant, while small amounts of disaccharides
(mainly maltose and sucrose) are also present; other
trisaccharides (erlose), could be found in very small
guantities in RJ [13, 16]. As can be seen from
results in Table 1 and Table 2 significant
differences were observed between average values
for total sugar content in RJ and DB samples.
Although statistically significant (p<0.001) these
variances are not wvery useful for products
identification as far as absolute values found are
relatively small. Much better descriptor for
differentiation between RJ and DB is sugar profile
see Figure 2. The most abundant sugar in both
products is glucose which is almost twice higher in
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DB in comparison with RJ. The fructose levels in
RJ samples are much higher (average value 4.88%)
in comparison with these in DB (average value
0.11%), this compound cold be used as very good
descriptor. Sucrose content in RJ samples is
relatively higher than this in DB however values
are considerably low and not enough informative.
Results obtained for DB in this study are close to
the results of Burmistrova [11]. They reported that
the proportions of the major sugars in DB are
glucose (3.16-5.00%), fructose (0.03-0.50%) and
sucrose (0.03-0.50%). Higher content of glucose is
specific for DB and this parameter is appropriate
for identification purposes.

Relatively significant difference was observed
between pH values of RJ and DB - for pure
products RJ is acidic with average pH 3.95 (value
closed to this reported by Isidorov et al. [17]) while
DB is almost neutral average pH 6.49 (value close
to this reported by Budnikova [10] for DB, between
5.67 and 6.67 in different larvae stages). However
due to high buffer capacity of RJ, mixed samples
(see Table 3) showed pH very close to this of pure
RJ which mean that pH could not be used for
precise RJ identification.

Electrical conductivity depends on the chemical
composition of the product, mainly from mineral
elements, organic acids, amino acids and proteins
content. This parameter should be used for
identification purposes.

As might be expected taking into account pH
values the pure RJ samples showed higher total
acidity (average value 4.07 ml 0.1 N NaOH/qg),
compared to the samples of DB (average value 0.88
ml 0.1 N NaOH per g sample). Samples of RJ
adulterated with DB showed total acidity
proportional to the RJ content in the mixture. This
parameter could be used for identification purposes.

As shown in Table 2, water content in DB
samples is significantly higher in comparison to RJ
samples. The average amount of water decreased in
order: DB (70.97%) > RJ+DB 1:2 (68.13%) >
RJ+DB 1:1 (67.24%) > RJ+DB 2:1 (65.68%) > RJ
(63.39%) (Table 1-3). Although good parameter
for identification purposes water content strongly
depend on storage conditions and it is difficult to
control experimental conditions during
measurement. From this point of view water
amount could not be accepted as enough reliable
parameter for identification purposes.

Compared to our results, Budnikova [10]
established higher values for protein and sugar
levels in drone brood. They can vary depending on
the age of the larvae during time of collection. Our
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research matches the data reported in the literature
[6]. Sugars, water content and proteins are the most
common criteria used to characterize RJ
composition.

It is worth mention that there was an effect
observed on the organoleptic properties of the RJ
samples mixed with DB. Pure RJ is an acidic
product with a slightly pungent taste. DB has a
stronger flavour than RJ. All adulterated samples
(RJ+DB) had strong and untypical flavour.

Result of cluster analysis. All the results have
gone through a statistical analysis by cluster
analysis. It indicates the linkage between the
clustered objects with respect to their similarity
(distance measure) and takes into account majority
of parameters defined for RJ identification. On
Figure 3 the dendrogram for linkage of RJ, DB and
their mixtures are presented.

Tree Diagram for 5 Cases
Single Linkage
Euclidean distances
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RJ+DB 1:2 RJ+DB 2:1 RJ+DB 1:1 Drone brood Royal jelly

Fig. 3. Dendrogram from cluster analysis of RJ, DB and
adulterated samples for all parameters (n=7)

The method of single linkage was chosen as a
measure of similarity to classify the RJ, DB and
adulterated samples. It could be concluded that
Euclidean Distance (the nearest distance method)
gives the best result. Two clusters are formed as
follows: DB; RJ+DB 1:2, RJ+DB 2:1, RJ+DB 1:1
and RJ as an outlier. It could be concluded from the
cluster analysis results that parameters chosen are
good descriptors for pure RJ identification as fas as
relatively good separation between all samples
studied and pure RJ is achieved. As can be seen
from dendrogram (Figure 4) parameters such as
protein and fructose content, total acidity and
electrical conductivity could be used for
identification purposes.

Tree Diagram for 5 Cases
Single Linkage
Euclidean distances
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(Dlink/Dmax)*100

60

50

40

30

RJ}+DB 2:1 RJ+DB 1:2 RJ+DB 1:1 Drone brood Royal jelly

Fig. 4. Dendrogram from cluster analysis of RJ, DB and
adulterated samples for parameters protein, fructose,
total acidity and electrical conductivity (n=7)

CONCLUSION

The differences in water content, dry mater,
proteins, sugars, pH, total acidity, electrical
conductivity between RJ and DB samples are
significant (p<0.001). The cluster analysis turned
out to be wuseful for finding similarity (or
dissimilarity) between pure RJ and mixtures with
other products. Parameters such as protein and
fructose content, total acidity and electrical
conductivity are good descriptors for the evaluation
of RJ authenticity. Therefore, the addition of DB in
RJ would change in a certain direction the
composition on RJ. In Bulgaria, there is no
regulation for RJ and for DB separately nor for
their combination. These results have to be
supplemented with additional measurements in
order to confirm and to complete these findings.
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CPABHUTEJIHU AHAJIM3W HA XUMWYHUA CbCTAB HA ITHEJIHO MJIEUMLE U ITUJIO
OT ThPTEU

P. bankancka !, U. Kapamxosa 2, M. Urnarosa *

Y Unemumym no scusomnosvocmeo, 2232 — Kocmunbpoo, Bvizapus;
2 @axynmem no xumus u papmayus, CY, 6yn. ,, Joceiime Bayuep ”, Cogus 1164, Bvreapus

Toctenmna Ha 21 rorm 2013 1.; Kopurupana Ha 26 HoemBpu 2013 .
(Pesrome)

[Muennoro mureunne ( RJ ) 0OMKHOBEHO ce KOHCYMHpA 3apalyl XpaHUTSIHUTE CH CBOWCTBA H € IIHPOKO U3IIOJI3BAHO
B KOMEPCHAIHUTE MEIUIMHCKH NpoaykTH. Ilonskora RJ moxe na Oble cMECeHO ¢ IpyrH, MO-€BTHHHU MPOIYKTH,
no/100uu Ha o ot Tepteu ( DB ). IpaBunHarta uaentudukanys Ha qBata BakHu npoaykra RJ u DB usucksa mbieH
aHaJIM3 U ONpeJielisTHe Ha OCHOBHHUTE ChEeJMHEHHMS, 32 J1a CE HaMEPST TOYHU OIMCAHMUS 32 TIXHOTO OXapaKTepu3upaHe.

3a ma ce m3cnenBa eexTsT oT cMecBaHeTo ¢ DB, e ananusupan xumuaaMAT cheTaB Ha cMecu oT RJ u DB. Cenem
npobu oT RJ u DB ca aHanu3upanu 3a BOJHO ChAbpKaHUE, NPOTEHHH, QPYKTO3a, [IIFOK03a, 3aXap0o3a, TOTAJIHHU 3aXapH,
pH, 00111a KHCETMHHOCT U eJIeKTPONPOBOIUMOCT. B onbiIHEeHKE, TE31 apaMeTpy ca M3CJIeBaHu U 3a cMeceHH oT RJ n
DB mpo6u. Benuxu mpoGu ca ch0MpaHy OT €KCIIEPUMEHTATHNTE TUeTapHULN HA MHCTUTYTA 110 )KMBOTHOBBJCTBO H Ca
cbxpansBanu npu -20°C npenu aHamM3uTe.
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The professional paper is a brief report of an investigation results to be adopted into production. In fact it is a resume
of a study on the idea of e-scrap processing and metal production in Mining and Metalurgy Institute Bor, Serbia, based
on its expert team investigations of the relevant literature and practice evidences and own research results. The
investigations results are presented shortly in the First part of the paper where the chosen technological solution is
described including the basic parameters for economic analysis. The second part of the paper is a resume of the
economic analysis that approves benefits of the e-scrap processing and profitability of the metals production.
Conclusion signifies the investigations and the study importance for realization of a project expected to generate

important ecological and economical benefits.

Key words: e-scrap processing; Au; Ag; Pd; metal production; investigation; technology; economy.

INTRODUCTION

E-scrap processing of based metal production in
Mining and Metalurgy Institute Bor, Serbia is a
project based on serious considerations of the actual
trends in related technology and economy fields. As
an (Researche and Develpment) R&D institution,
we have adequate experience, staff and equipment
for the processing and profitability production.

As the e-scrap is one of the growing global
ecological problems and its processing is in the
focus of the researchers and others interested in the
problem solution all over the world. Growing
electronic industry production in the last decades
caused the e-scrap quantity increase. E-scrap
contains number of different metals such as copper,
zinc, iron, precious metals, cadmium, lead, mercury
and other materials such as plastics, glass and
organic materials [1, 2]. Some of the metals are
well marketable according to its prices trends [3]
and the metal production based on e-scrap
processing appears to be profitable.

According to the actual reports e-scrap quantity has
been gradually rising at the annually rate of 3-5%
which means 10-50 billion tones every year [4].
Global recycling rate of e-scrap is variable: while it
is 86% in Japan, 50-60% in EU and 12-13% only in
Serbia [5]. To raise the e-scrap recycling rate in

* To whom all correspondence should be sent:
E-mail: mladenmiriczulu@gmail.com

Serbia it is necessary to organize it better from the
initial phase of gathering and sorting to the final
processing and supporting activities. It is also
important to organize it in accordance with the
European Union legislation. Aiming that, Serbian
Government has adopted the Law on Waste
Management and the Law on Packaging and Waste
Packaging [6]. Required framework for the e-scrape
management in Serbia including its gathering and
processing has been established.

In the aim to keep step with the actual trends and
the situation in the field, Mining and Metallurgy
Institute Bor, with its reach R&D experiences,
qualified staff and equipments capacities (Figure 1),
has undertook approximate investigations and
framed the project of e-scrap processing and metal
production as a part of its medium-term
development plan. The project is planned to be
realized and is expected to be important from both
economical and ecological aspects.

E-SCRAP PROCESSING AND METAL
PRODUCTION TECHNOLOGY

Pilot Plant Equipment.
All tests were performed in pilot plant presented
on Figure 1.

Description of the Accepted Technology

Printed Circuit Board — PCB as the basic row for
the special metal production was analyzed first.
Chemical composition of PCB is shown in Table 1.

© 2014 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Fig. 1. Pilot plant equipment: a) Electrolytic arc furnace; b) Plant for electrolytic refining of copper;c) Glass reactor for

dissolving

Table 1. Chemical composition of PCB

Element % Element % Element %

Ag 0.014 Cr 0.001 Mg 0.0141

Cu 22.601 Ba 0.008 Cd 6.79x106

Sn 3.713 Si 0.015 As 0.0019

Pb 1.342 Mo 0.0002 Ag 0.0158

Ni 0.242 Zr 0.002 Ti 0.0073

Au 0.0068 Sr 0.0003 Se 0.00034

Mn 0.003 Co 0.0014 Fe 0.91

Sh 0.019 Al 0.0082 Zn 1.86

Cr 0.001 Mg 0.0141 Ca 0.11

Ba 0.008 cd 6.79x100  nsoluble g 404
residue

Our investigations of seven types of PCB have
led to the following conclusion: the average metal
part of the PCB content is 28.6% including the
copper dominating 22.6%. Precious metals content
was considered as the most important for their
share in the market value of the metal production
was estimated to be 65-80%.

Technological process of the computer e-scrap
recycling starts with the following phases:

+ Used computer equipment
transportation

«  Computer equipment acceptance

«  Computer equipment storage

The process continues with the phase of

disassembling of the components that includes:

»  Probity and functionality check

» Disassembly

» Separation

« Temporary storage of components,
recyclable and non recyclable

+ Some components transportation for
further processing and/or refuse

The PCB processing is the most complex phase
of the technological process for its complex
composition meaning variety of materials. The
processing phase includes the processes of
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pyrometallurgy, electrolysis and refinement shortly
described below.

Pyrometallurgy

In the preparation phase it is necessary to
remove the capacitors containing very harmful and
toxic materials. After grinding to the required grain
size and separation of plastic, first follows magnetic
separation and then separation of aluminum parts.
Lead and tin in solder are very harmful for the
further processing, especially in the electrolytic
refining of copper. These metals must be removed
by low-temperature heating process (320-350°C).
Melting and casting of copper anode containing
collected precious metals was performed in the
Electric arc furnace-Birlac (Figure 1a) by
conventional techniques for copper.

Electrolytic refining

Electrolytic refining of anodes, obtained by
melting e-scrap was performed in two cathode
periods in new pilot plant for electrolytic refining
of anode with non-standard chemical composition
(Figure 1b) in the aim to obtain copper cathodes of
the commercial quality (99.99% Cu). The anode
sludge is subject to further hydrometallurgical
processes in order to obtain precious metals of
commercial quality.
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Refinement

The anode slime obtained by electrolytic
refinement of the copper anodes with high content
of precious metals was processed in the Laboratory
for refinement of precious metals in the special 100
dm? glass reactors (Figure 1c). The first phase of
the refinement is the process of decopperisation of
anode slime by leaching with diluted sulfuric acid
in the presence of oxygen as the oxidant. After the
process of decopperisation, the anode slime
contains max. 2% of copper. Anode slime without
copper is a raw material for the next stages of
processes in the aim to obtaining gold, silver and
palladium.

Two illustrations of the described processing
technology are presented on the following figures.
On Figure 2 is shown technology block scheme
proposed by Park and Fray [7] and on Figure 3
adopted technology in Mining and Metallurgy
Institute Bor.

Electronic
Scrap

General Composition
Cu, Al, Fe, Sn, Pb, Zn, Ni, Ag, Au, Pd+ non-metallic

Shredding '

Magnetic &
Eddy current separation

=) iron/steel fraction
e aluminium fraction

Residue : about 90 wt.% of the total
(Cu, Sn, Pb, Zn, Ni, Ag, Au, Pd + non-metallic)

solution

Non-metallic I & Solder leach 4
[ HBF:]

About 65wt.%
of the total

Solder recovery
electrowinning

Residue : about 18 wt.% of the total
(Cu, Zn, Ni, Ag, Au, Pd)

solution
Copper leach Copper recovery.
[ (NH4)2S04 ] solvent extraction
ning

Residue : about 2 wt.% of the total
(Zn, Ni, Ag, Au, Pd)

Recovery of precious metals J

Separation of nickel and zinc l

Fig. 2. E-scrap processing and metal production
technology block scheme [7]

TECHNOLOGICAL PARAMETERS RELEVANT
FOR ECONOMIC ANALYSIS

Pyrometallurgy

Expected electronic waste quantity or PCBs to
be processed is 16 t per year.

After the separation of metal and non metal part
of the PCBs the metal part containing, 1.8 t of
copper is subject of the pyrometallurgical process.

During the pyrometallurgical treatment certain
metals losses are inevitable (Zn and Pb mainly).
These metals evaporate with the melting gases or,
eventually, through the slag. The melting losses of
the metals are about 2.5%. After the melting phase
11.5 t of copper anodes (11.8x0.975) contains 11.2
t of copper and 0.3t of precious metals with
impurities.

Metal recovery by the hydrometallurgical
treatment of metal parts is: for copper = 99%, for
gold = 98%, for silver = 93% and for palladium =
98%. This means that electrolysis will have at
disposal: 11.0/12 = 0.92 t of anodes per month,
while the average weight of anodes will be 958/28
= 32.86 kg. (28 anodes is the electrolysis capacity,
which annually is 336 anodes) [8].

Electrolysis

After melting and casting the electrolysis is
provided with 11 tons of anodes, with 95% Cu-
10.45t.

The content of precious metals in the anodes is:
max 0.1% - 0.011 t, respectively: Au: 3.183 kg, Ag:
7.7616 kg. Impurities (Pb, Sn, Zn, Fe): 4% - 0.44 t.

The process of electrolysis will result in the loss
of certain metals, roughly 9%. The metal recovery
in the electrolytic process will be: for Cu: 95%, for
Ag: 97% and for Au: 98%.

After the electrolytic refining the following
masses are obtained:

© 9.92751 - 9.9 t of copper cathodes (as the
final product)

+ 550 kg of anode slime containing 275 kg of
Cu, 7.529 kg of Ag and 3.12 kg of Au.

« 270 kg impurities (Pb, Sn, Zn, and Fe)
distributed in the anode slime and partly in the
electrolyte.

After the electrolytic refinement of the anodes
the obtained slime (550 kg) is to be set copper free
to the copper content in the sludge of 2% for the
further precious metals refining [9].

Refinement

Copper free anode sludge of 275.00 kg contains
the following amount of precious metals:
+ 3130.00 g Au
+ 8215.00 g Ag
+ 900.00 g Pd
With the following adopted recovery of precious
metals (based on laboratory experiments): 99% for
gold, 98% for silver and 96% for palladium the
final products quantities per year are:
+ 3100.00 g Au
» 8050.00 g Ag
+ 860.00 g Pd [8, 9].
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ECONOMIC ANALYSIS AND THE PROJECT
EVALUATION

Market Analysis

In Serbia there is still no significant competition
in the field of e-waste processing and metal
production based on it. Only a few organizations
has potential to be e-scrap recyclers. Finished
products of this type have specific markets. Since
the products are stock market subjects there are
reputable and reliable buyers of these products.
Established business links provide the right to
believe that the main buyers of precious metals to
be companies such as: Heraeus GMBH or Metalor
Group Switzerland. The export mediator would be
exporting company Jugotehna, Belgrade, Serbia.

The final calculation of the revenue was based
on the planned selling prices of RBB — RTB Bor
Company for Cu, Au and Ag [10] although the
World Bank forecasts are a bit different [11]. For
palladium value calculation the minimum current
world market price is used [12, 13]. Thus the
projected prices for the calculation of revenues are
as follows: Cu - 4 600 €/t; Au - 24 000 €/kg; Ag -
360 €/kg and Pd - 12 000 €/kg. As far as the supply
market is concerned the printed circuit boards, as
the main raw material for this type of production,
shall be procured through the existing collection
centers in Serbia and the region. Procurement of
normative materials will be performed mainly on
the domestic market. The existing 10 kV substation
would supply the production facility with
electricity, water, fuel, oil and lubricants will be
procured through appropriate  services in
accordance with the processing and production
dynamics.

BASIC PARAMETERS
Production capacity, structure and value
» Copper:10.260 t/year x 4600 €/t = 47196 €
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» Gold: 3.100 kg/year x 24000 €/kg
74400 €

« Silver: 8.050 kg/year x 360 €/kg
2898 €

+ Palladium: 0.860 kg/year x 12000 €/kg
10750 €

Investments

Equipment 50200 €, Working capital 18290 €
and Others 10642 €.

Funding

Own funds 31.49% or 24920 €; Bank loan for
new equipment: 68.51% or 54212€

Capital costs

Depreciation 10%, Maintenance 5% and
Insurance 0,5% of the equipment value, Interest
15%

Material and energy costs

Pyrometallurgy 4044 €, Electrolysis 7080 € and
Refinement 3568 €.

Labor costs

Pyrometallurgy 5520 €, Electrolysis 14670 €
and Refinement 9112 €.

Other expenses

Processing: Cu 700 €/t, Au 150 €/kg, Ag 10
€/kg, Pd 150 €/kg,

Environmental costs: 1000 €/year, Export
supporting services 8% of Au and Ag income,
Chemical analysis 1200 €/year, other expenses
2000 €/year.

Financial Projections and the Project
Evaluation

All financial projections (Tables 2, 3, 4) for the
six year period, including one year of investment
and five years of production, indicate the project
feasibility.

Table 2. Income Statement

1 2 3 4 5 6 Total €
Incomes 135244 135244 135244 135244 135244 676220
1.Selling Cu 47196 47196 47196 47196 47196 235980
2.Selling Au 74400 74400 74400 74400 74400 372000
3.Selling Ag 2898 2898 2898 2898 2898 14490
4.Selling Pd 10750 10750 10750 10750 10750 53750
Costs 81507 80301 78914 77319 75484 393525
1.operational
costs 73375 73375 73375 73375 73375 366875
2.Funding costs 8132 6926 5539 3944 2109 26650
Gross profit 53737 54943 56330 57925 59760 282695
Taxes 5374 5494 5633 5793 5976 28270
Net profit 48363 49449 50697 52133 53784 254426
Cumulative 48363 97812 148510 200642 254426
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Table 3. Financial cash Flow

1 2 3 4 5 6 Total €
Total inflows 79132 135244 135244 135244 135244 160344 780452
Total outflows 79132 89901 90022 90160 90320 90503 530038
Net cash flow 45343 45222 45084 44924 69841 250414
Cumulative 45343 90565 135649 180573 250414
Discounted with
15% 39429 34195 29643 25686 34723 163675
Table .- Economic Cash Flow
1 2 3 4 5 6 Total €
Total inflows 135244 135244 135244 135244 160344 701320
Total outflows 79132 73729 73849 73988 74148 74331 449177
Net cash flow -79132 61515 61395 61256 61096 86013 252143
Cumulative -79132 -17617 43778 105034 166130 252143
Discounted with
15% -79132 53492 46423 40277 34932 42764 138755
Discounted with
74.2 % (IRR) -79132 35314 20233 11589 6635 5362 0
» Income  Statement indicates  profit capacity the initial parameters for economic

throughout the years of the production period
* Financial Cash Flow indicates permanent
liquidity and continual positive net cash flows
» Economical Cash Flow indicates positive
indicators of the project profitability:
v"Internal rate of return IRR = 74.20%,
v" Net present value (discounted at 15%)
NPVise= 138 755 €
v" Pay back period PBP =2 years

Final evaluation of the investment in the project
of e-scrap processing and metal production is
completely positive. Based on the projected
technology and basic parameters the project
feasibility is out of question. Even with the more
pessimistic basic parameters profitability of the
project would be enviable and with significant
ecological benefits.

CONCLUSION

The paper presents results of e-scrap processing
and metal production project. The project is
expected to be realised in the Mining and
Metallurgy Institute Bor special production
department within the medium term development
plan.

The research results were the basis for the
adopted technological solution described as one of
the possible processing variants. Basing on the
adopted processing technology and the production

analysis were determined.

Economic analysis including short market
analysis, the basic parameters and the financial
projections (Income Statement, Financial Cash
Flow and Economic Cash Flow) resulted with
positive appraisal indicators. The analysis basic
indicators, internal rate of return, net present value
and payback period, approve the feasibility and
profitability of the metal production based on e-
scrap processing.

Beside the feasibility and the profitability the
metal production based on e-scrap processing in
Mining and Metallurgy Institute Bor is fully
justified also from the environmental aspect. The
project is expected to generate great economic and
also ecological benefits not only for the investor but
also for the Serbia and the Balkan region.
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JJOBMBAHE HA IEHHU (Au, Ag, Pd, Pt) 1 JIPYTU METAJIN YPE3 E-SCRAP ITPOLIEC
C. b. Iumurpuesud’, M. b. Mupuu?, Bn.K. Tpyxua®, 5. H Manud?®, C. I1, J/lumutpreBny

! Munen u memanypauuen uncmumym Bop, 3enenu 6yneéapo Ne 35, Bop, Cvopbus;
2 lupexyus 3a uzsmepeanus u yennu memanu, Muxe Anaca Ne 14, Benepao, [enapmamenm 3a KOHMPOL HA CbOBLPICAHUE
6 yennu memanu, I'enepan bose SAnxosuya 32, Huw, Cvopbus
3 [enmup 3a unosayuu na @axynmem no mexuono2uu u memanypaus, benepadcku ynusepcumem, Kapnedcuesa 4,
benepao, Copbus

IMoctbnuia Ha 2 o 2013 1.; kopurupana Ha 10 okromepu 2013 r.
(Pestome)

Hacrosiiata npodecroHanHa CTaTusi € KpaTbK OTYET HA PE3YNITATH OT M3CIE[BaHE, KOETO Ja ObJe BHEIPEHO B
MPOM3BOJICTBEHATA MPAKTHKA. B NEWCTBUTEIHOCT TO € pe3loMe Ha W3CIie/IBaHe BhPXY HIesTa 3a e-SCrap obpaboTBaHe u
J00MB Ha MeTanu B MUHHUS M MeTalnypruveH MHCTUTYT Bop, ChpOus, OCHOBaHAa Ha pe3yJITaTH OT MPOYYBAHE HA
CHhOTBETHATA JIUTEPATYPa, JaHHU OT MPAKTUKATA U PE3YITATH OT COOCTBEHHU M3cieqBaHus. Pe3ynraTure ca npeacTaBeHu
HAaKpaTKO B WIbpBaTa 4YacT Ha paboTaTa, KBJIETO € OIMUCAHO W30PAaHOTO TEXHOJOTUYHO PEUICHHE, BKIIOYUTEIHO
OCHOBHHTE IMapaMeTpd Ha MKOHOMHYECKHs aHaiawm3. Bropara yact Ha cratusTa ¢ 000OIIeHHE HAa WKOHOMHYCCKUS
aHanu3, KOUTO TOKa3Ba IMOJIBUTE Ha €-SCrap oO0paboTBaHETO W PEHTAOMIIHOCTTa Ha Mpoleca 3a JOOMB Ha METalH.
3aKIIOueHMATa MMOKAa3BaT BAXKHOCTTA HA H3CJIEABAHETO 3a peaju3als Ha MPOEKT, OT KOWTO ce OYaKBaT BakKHH
C€KOJIOTUYHHU U UKOHOMHWYECCKHU IT10JI3U.
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The quantum calculation of the free energy of polyatomic dipole-active polarizable particles revealed two
mechanisms of free energy change during interaction with a polar medium (solvation and fluctuation mechanisms).

For charged particles the main contribution to complete free energy change is given by the solvation mechanism.
Correspondingly, for simple charged particles in homogeneous isotropic polar medium without spatial dispersion this
brings to Born free energy of solvation. For uncharged particles with equilibrium dipole moment, solvation mechanism
also contributes to the change in system’s free energy, and this contribution for spherical particles is in direct proportion
to the quadratic dipole moment of the particle and in inverse proportion to its volume. In the frame of the solvation
mechanism, effects of nonisotopity and nonlocality of medium (like zeolites), effects of spatial dispersion may be taken
into account.

The fluctuation mechanism of free energy change of the system has usually a minor contribution to the complete
change of system’s free energy, but it should be considered for systems where contribution of solvation mechanism is
not great and also for systems, where vibration frequencies of the impurity particle change greatly upon placing it in a
polar medium.

The obtained results will promote the investigations of adsorption processes on the zeolite surface, the study of
kinetics of charge transfer and particle transfer process in channels of composite materials.
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INTRODUCTION

Natural and synthetic zeolites have wide
application in gas separation installations, gas
generators, purification plants, for creation of
ionisators, super-condensers, and accumulators.
Their wide application is connected with the
specific structure of zeolites, the form of their
nanopores  providing  unique  sorption
properties. The surface of zeolites is very
active, so they are fine catalysts for many
processes. Size, form and properties of the
surface of nano-sized materials may be adapted
and optimized for a particular application.
Placing different ions in the pores of natural
and synthetic zeolites we obtain modified
materials, which have unique properties. For
determination of the realization possibility of
processes with participation of zeolites, first of
all, thermodynamic  analysis of the
corresponding system has to be conducted.
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1. FREE ENERGIES OF POLYATOMIC
POLARIZABLE DIPOLE-ACTIVE PARTICLES
IN POLAR MEDIUM

Complete change of system’s free
energy includes the following components:

a) Work connected with cavity formation in
the medium, where the impurity particle is
placed,;

b) Free energy connected with the
translational and rotational motion of the
impurity as a whole;

c) Electrostatic part connected with the
interaction of the impurity particle with the
medium (zeolite and liquid in canals).

Below we shall calculate the latter
component, which in the majority of cases,
makes the greatest contribution to the free
energy change.

2. HAMILTONIAN OF THE SYSTEM

Existence of electrostatic interaction between
impurity and medium causes polarization of the
medium. In turn, polarized medium influences
the impurity particle and polarizes it. The
Hamiltonian of the system may be represented
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as:

H=H, +H, - [(P()) E(F.Q,)d7 - |

0

SP(F)E(F,Q,)dr,

1)
where H: - is Hamiltonian of the system; H,-
is Hamiltonian of the particle; (P(r)) - is the

average value of medium polarization induced
by the electric field of the particle, with field
intensity E(r,Q% [1], (Q° — is the set of
intramolecular coordinates of the impurity).
Going from the Hamiltonian of the
nonpolarized medium H; to the Hamiltonian

of the polarized medium Hm, in dielectric
approximation we have:

H:Hmﬂﬂ—éﬁmﬂ%ai%mfj[@EﬂQﬁﬁy

(2)
According to the fluctuation - dissipative
theorem:

(P.(F,1)) :-jolrjoltGRP (F, 7 t—t)E (F, 1),
3)
where GF, is the retarded Green function of
operators of medium polarization [1].
For the intensity of the electric field of
impurity particles in dipole approximation the
expression may be used:

e, (1) == [0Be ¢, (7)1 RO

~R)+6,,(RRIR).

(4)

Here G, and G, are Green functions of the
operators of electric field intensity and the
scalar potential of the condensed medium; they
may be expressed by the Green functionsG,,
which may be simply defined from the solution
of the electrostatic task (see [1, 2]). p' is the
dipole moment of i-th bond of the particle, R,
is the radius-vector of the i-th dipole of the
particle, p, R is the charge of the particle and
the radius-vector of the charge localization
point. _
For a polarizable particle the value of p'
differs from the corresponding vacuum

value p},, it could be determined through:
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My = Ho + D Olg {GE,@ML + GEuq,p}, (5)

j=1
where O‘ixs is the polarizability tensor of the i-

th bond of the particle. It is obvious that if all
components of the polarizability tensor and the
vacuum values of the dipole moment of the
bond are known, then all 3N values of pn may
be found from system (5). As Green functions,
the corresponding solutions of electrostatic
tasks of model functions may be used, which
allows taking into account the effects of spatial
dispersion of the medium. Further, substituting
the found values p! into correlation (4) we

define the electric field intensity of the system
g(r, Ri,) and from (3) we find the polarization

of medium (P(F)), .
Substituting (3) into (2) we rewrite the

Hamiltonian of the system in the following
form:

H:Hm+Hp+;jE(?,Q)G§P(?,r) (7, Q)Fdr - [3P(F)E(T, Q)
(6)

In this formula we expand the electric field
intensity into a series by Q°up to linear terms,

H =8Q, +H, +H,, - [dfsP(NE(T, Q). (7)

Here H, is the Hamiltonian of the polarized
solvated particle,

HP = H +37d, Q0 + 3 h, Q2Q%,  (8)

where

1 OE° OE?°
' = 250° EPW , (9
n m Q3 =Qp,
0 0
d =LlEogr E | E =_GREY).,
2 5Q aQ Qn=Qno

In (7) 69, is the free energy of the solvated
particle, which has the following form:

50, = % j dtdt’ j drdT'E, (7, Q0)GH 5 (.7t~ 1)E,(7,Q})
(10)
By transformation of coordinates (shift and
turn) Hp may be reduced to quadratic form with
frequencies ws and coordinates Qs.
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1 0
HP :Egms{(Qs_Qso)z_aQs}"'Jv (11)
where Qso is the equilibrium value of

coordinate Qs, J — the minimal energy of the
particle.

It is obvious that the influence of a solvated
polarized particle on the medium leads to
additional polarization of the medium.
Therefore, it is necessary to wuse the
characteristics of the polar particle in (7) - (11)
and introduce E(Qo) instead of E(Q).

In formula (7) we expand into series the
electric field intensity E by Q — Qo up to a
linear term. Consequently:

H =380, +H, +H, +HQ +HZ, (12)
where
H® = ~[8PE(T,Q,)df ,  (13)

is the interaction of the medium polarization
fluctuations with the static field of the
impurity, and

HE) = =" [disP(F)5Q,V, (7);
v, -9 (14)
aQS Qs=Qs0
is the interaction of the medium polarization
fluctuations with intramolecular vibrations of
the impurity.

Q) = ——_[dr<

Where B=1/kT, k is the Boltzmann
constant, T- temperature, GSF,QSF,ﬁ - temperature
Green functions of medium polarization
fluctuation operators [1],

G0, (T, 731 = 1) = ~(T.0P, (¥, 1)OP, (7', ) (19)

50, = %J'dfd FEo, (7, Q0)|GE5,

H 0
Green functions G;, and G5 are phonon

Green functions of the medium, when ® = 0
they are equal, so

30, =0 (21)

By integrating formula (10) over t and T we

The electrostatic part of the free energy
change connected with introduction of
polyatomic dipole-active impurities in the polar
medium may be written in the following form

[3]:

3Q =0Q, +0Q, +0Q, +6Q,, (15)
where 3Q2, and 8, are the changes of the
system free energy connected with H® and

int

H® interactions, correspondingly, 8Q, is the

change of the vibrational free energy of the
impurity particle.
3. CALCULATION OF THE FREE ENERGIES
OF SOLUTION AQo AND AQ;
The change of free energy 8¢, may be
expressed through the matrix
5Q = —kTIn(s). (16)
Here, averaging is carried out over the states
of polar medium and S® matrix has the form:

S =T exp{? dr j dFSf’(F,r)EO(F)} (17)

After SY matrix expansion into series and
calculation of quantum-statistical averages of
OP operators, we obtain [4]:

>E (7, QO)——jdrjdrjdrd F'Eg, (T, Qo) Eoy (T, Q0) G o (T, 77, T)  (18)

Substituting(P) in the formula (18) to the

value from formula (3) and integrating over r,
T, t,t, we obtain:

(F, 750 = 0) = Gyp 4y (F. P50 = 0) Egy (7) (20)

obtain the following expression 8, :
30, = % [dFdPES ()G 5, (.70 = O)EQ(F) - (22)

For a homogeneous local isotropic medium,
for which
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- 1 1 ==
Gpp, (F, T 0 =0) :—E(l—g—)éaﬁéi(r -7").(23)

the free energy of the solutionX, takes the
form:

50, = -~ (1-D)[drE (M)’ (24)
8n €

Here ¢ is the static value of dielectric
permeability. For spherically symmetric
particles with z charge the formula (24) brings
about the Born solvation energy:

Q=¢e%2re (25)

If the particle is not charged but has an
equilibrium  dipole moment, then for
spherically symmetric particles we obtain:

=-(- —) 3 (26)

where ro — radius of particle.

4. EFFECTS OF MEDIUM SPATIAL
DISPERSION.

Taking into account the spatial dispersion of
the medium let us rewrite (22) in the following
form:

=—= j p(1)G,, (7, T)p(F)dd’ (27)

is the Green function (GF) of the

medium scalar potential operators, p is the charge
density of the impurity which creates an electric
field with intensity E..

Effects of spatial dispersion of the medium may
be considered, when calculating the free energy
change of the system, if some model functions are
used as Green functions of operators of polarization
fluctuation or charge density or a medium scalar

where GW

potential. For determination of GF G (T,T) the
results of solving electrostatic tasks may be used:
accurate within electron charge GF

G, (T, ) coincides with the magnitude of the

electrostatic potential in point T of the system, if in
pointT' a unit charge is placed. Considering the
above mentioned, it should be expected that

allowance behavior of GF G, (T,T") will be of
type:

G, (T, F) = C(F )‘ E (28)
In this case, the behavior of GFG@p and qu)
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will be of type:
G, (FF) =G, (F,7) =—F(F)3(F - TF) (29)
The Fourier component of f(T) function may

be connected with the longitudinal component of
the dielectric permeability €'( k). After standard
conversions we get:

0= MJe'”f(k) (30)

1

Hereby, for Fourier components we have the

following correlation:
—i 1—% O (32)
47 e (k)

In case of a local homogeneous medium, from
the previous formula we get:

Gwp(R,R’):—i(l— 1 Jsm, —Z— (33)

In the T space the latter formula has the form:

G, (,7) ——iC ,O(F —T") (34)

and

G,, (k,K) =

If the impurity partlcle is spherlcally symmetric,
has z charge and radius ro, then for the change of

free energy &€, we get:
C,z° z° 1
8, =——2 = ——(1——) (35)
2r, 2r, €
For consideration of space dispersion effects,

instead of  -function in formula (34) the function
may be used:

GY(F.F) =

“oA(F-7)  @39)

In the capacity of Ax(}r—r'|) function the

exponentially damped function normalized on unity
must be selected:

A (F-7)= 8nl e " (37)

If for charge density of impurity particle p*

classic approximation is used and assuming that the
point of charge localization coincides with the
origin of coordinates, then

p™(F) = 5(F) (38)
In this case for 8€2; we have:
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2 2
50, = —f 2 1-% (39)
167TA 167TA €

Analogously, the change of free energies of the
system, where space dispersion effects of the
medium are described by more complicated

functions, may be calculated. For example, if A,
describes oscillations with attenuation:

A (F=F])= V(Vg;:m ) 40)

Then for the free energy change €2, we
obtain:

™" cos(A[7

C,2° v(v2 —3)\? sz —Xz)
167 (v2 + XZ)Z

Here the parameter 1/4 will be approximately
equal to the diameter of the solvent molecule.
If for charge density p®™ quantum approximation is

80, =— (41)

ex (¢ 2|2
p™ (F) = ¢[¥ (1) (42)
where W (T) is wave function.

In the capacity of wave function we take the
normalized function:
32 ar

e ? (43)

P(F) = —
() (6n)"
GF of operators of medium scalar potential we
take in the form (36). Free energy change 8C2, has
the form:

(44)
Using here the form of the function AA([F - r’)

(37) and the wave function () in the form (43),
we get:

e’C
5O, = -~ [dFdF'di’A, (T - F'
T 3272 x(}

used, then
e’C,a® ¢ )i = 1
(87:)0473 Idrdr dr exp(—T| —oF+7 )J (45)
Omitting cumbersome calculations, we give the result in the form:
2 2 6 5 4 3
e“CyA : (3207 — 4”22 + 4o, _55(21 3 21? N 38c4x N 26(51 200 _g) (46)
8n(a/2) A A A A 20

For description of space dispersion effects of the r 2 ey , . , i
medium, the function may be used: CD(KJ =1- ;e‘ ' [blt +b,t" +b,t” +b,t" + byt ]
~ =2
F-7 (50)
3 J (47)

80, = —

5Q, =

where, 1

11pV2 "
»

P =0,2316; b1=0,3194; b, = - 0,3566; bz = 1,7815;
bs=-1,8213; bs=1,3303. (51)

In quantum case for charge density of the particle
also the following function may be used:

o\ o ar
r 1+— e ™ 52
pl(F) ==~ ( > ] (52)
r ri If expression (47) is used for A, function, then
| — j et (49) _
by for 6€2, we have:

During numerical calculatlons by formula (49) it
is convenient to use an approximate expression for
the error integral:

2 2 —| 0LI’+%
50, = -2 Co @ Coot [ df{r[1+ %rj [yt +byt? + byt® + b,t* + btk [ " ] (53)

o 1
A;L(JI’ - |): %12)3 eXp{_

If we take (43) as wave function W(T), then for
S0, we obtain:

2 3 ®
8Q, = _&C jdrre“@(ij (48)
4 A

where CD(%) - is the error integral:

56 14@

If space dispersion effects of medium are .\ dep®
described by function (47), and for charge density the p(F)= \/— (54)
function is used: 42
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then the free energy change will be equal to:

5Q), =

J2n T

In the capacity of A, function describing space
dispersion effects of the medium the step function

may be selected:
oo, 3 Lo,
A*qr‘r)im (.~ [F ~F]) (s6)

o(F - ¥

2 2 3 _ 23%% r?
_ 26 COB + 8e COB jdrre ( A j [blt + b2t2 + b3t3 + b4t4 + b5t5]

81e’C, 3e’C, 3¢e’C,

SO = == - -
142802 4 A 56 A

(55)

If exponential function of the form (52) is
selected as a wave function, then for 8C, we have:

For a model in which charge density is described by a function of the type (43), we have:

2
SAQ, = 3% C{ 1 —E}L

A (arn) 4
If charge density has the form (54), then

e [473(12 +7ha+40 + 106 + %} (57)
Ao Ao
2
eC 3 [1+ i) e (58)
4 ai ai

4\p* —32)"

2

2 2 _
50, =3¢ co{l_( 1 }_4e C, ezw{&s

208) | 2n

1207 -1
+—
4%

Thus, for the free energy change of the system,
when a polyatomic polarizable nondipole charged
particle is introduced into a condensed medium, the
calculations may be carried out with different
precision, considering various effects: in case of
guantum or classic behavior of the degrees of
freedom of the impurity, effects of spatial dispersion
of the medium, which may be described by a set of
different model  functions; interactions  of
intramolecular vibrations of the impurity with
polarization fluctuations of the medium.

For obtaining the equilibrium dipole moment of
an impurity particle in classic approximation for the
charge density of a particle placed in a local
homogeneous isotropic medium, we have the
following expression:

50, = JATAY 9,6, (1.7 P2 (O () = [ e o (.7 RO (irr

For particle polarization p®™ point approximation

may be used:
p™(F)=d3(r) (64)
For GF, G and Gee different model functions
may be used.

Most acceptable way for calculation of 8Q; for the
charge density of charged dipole particle in quantum
approximation is to use correctly selected wave
functions Wy and to carry out integration by formula
(44) for various types of A, functions.
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4
B (blt +b,t + bt +b,t* + b5t5)+

32182 (59)

2
P(b,t? + 2b,t° + 30,t* + 4b,t° + 5b,t°)— Z_x(Zblt3 +6b,t* +12b,t° + 20b,t° + 300,17 ) }

0 = -[arar E(FE®BE-7)2 60

T

After corresponding integration we obtain:
50 =-[grc, /(a5 Jlod/aQf  (6n)

where I, is the particle radius.

Naturally, a total change of free energy for a
charged dipole particle will be equal to the sum of

changes for charged impurity (35) and dipole
impurity (61):
2 2
50y, + 80 = SMCo[ ) 2C gy
3r, \0Q 8,

In regard to obtaining the space dispersion of the
medium for dipole particles, representation of the
free energy change of the system in one of the
following forms is more convenient:

(63)
5. CALCULATION OF THE FLUCTUATION
PART OF FREE ENERGY CHANGE

Let us write the change of free energy in the

following form:
5Q, = —kTIn(S®) (65)

where

SO =T exp {[ f de [ dFSP(F, DV, (F)Q, (r)}. (66)
Let us formally represent the matrix as:
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S =T. exp{xfdr j dFSP(F)V, (?)Qs(t)} . (67)

and the corresponding free energy 8Q, (), similarly
to correlation (16), like this [1]:

0 /a2
(1) _ g X<S( @, (68) G
N (s® (x)}o ’

Integrating this correlation accordingly by A from 0
up to 1 and taking into account the condition

30, =QA=1)-Q(A =0), we express 0,
through Green function

5Q, = _I%Tdr [arav,, ({6 o, (. 1=0)}, (69)

where G, - is the Green function of operators &P
and Q with effective interaction AV,(r).

Expanding the Green function into Fourier series 6

by T and integrating by T we have:
8Q, = —KT j j AV, (F) D Gy o, (F A, @,) , (70)

Taking |nto account the results [1-5] it follows
that:
& on
50, :-ij TZWSS,(X,@H)GQSQS, ho,) (1)
0 n
where W is  renormalized interaction  of
intramolecular vibrations with each other through the
polar medium. This quantity may be calculated
guantum-chemically or may be simulated by a
suitable function with consideration of above
mentioned formulas.

28

KT, (, W(0) o[ & o,
e e e

here ,is the frequency of intramolecular
vibrations of the impurity. Expression in brackets

m

W, (%, 0,) = j AFAF AV, (F)Gyp, g, (F. T30, )WV (),

(72)
Green functions of normal coordinate operators of
intramolecular vibrations of the solvated impurity

satisfy the system of linear  algebraic
nonhomogeneous equations:
0.0, M) =G, +Go o MW (MG q, - (73)

Here GOQSQS are the Green functions of the oscillator.

So solving (73) for any finite number of
intramolecular degrees of freedom N, the components
Gg.o, (h,®,) may be determined and accordingly

integrated by A and summed by n in (71) for
calculation of 8C2, .

For a simple model, when the system has one
dipole-active degree of freedom, we get:

- szZn“smnGgQGQg = kz-r;SpInl— GoowW| (74)
In order to show the possibilities of the
calculations in accordance with (74), we use a polar
approximation (which includes Debye and resonance
function) for the Green function of medium
polarization fluctuation operators In this case,

W(w,) = Z|w

where u; are experimental constants, and m - the
number of poles of the Green function.
Substituting (89) into (88), we get:

(75)

ol

u. o,

(76)
i=1

in this correlation may be presented in the form of

a ratio of two polynomials,

1-2,

i=1

If condition [6] is fulfilled,

n? il - Yo, o o
wo, sz} }H[zm J %szﬂ[zm ”j
(0; +0))@ ~w,) ( o, T*”Z ( u, ‘”J ()
27KT 1,:1[ 27KT
= (n—a,).(n—-a) {4 T@-b,
a, +..+a,=b +..+b, (78) H(n 2,).(n a)zl:l[ i-b) (79)

Then, as it is known from the theory of I'-functions

ri(n=b).(n-b) 1iT(l-a)
In our case condition (78) is fulfilled, so
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) 2 o) 2nkT

S S

m+2 Q)_
502, = kT T4 ki 2n 2 |+ K[ 1= WO erin T 1- 20 |-
2kT 5 (0)

ii=1

m Q)i
KTIn Hr(l anTJ
where 51 is the root of (74). W(w=0)/w, should also important for chemical adsorption — the
. o . adsorbed molecule may desorb because of the
be always less than un_|t. If.the ratio is close to unit, “fluctuation” mechanism. Moreover, the adsorbed
then such molecules dissociate. molecule may dissociate to ions owing to this
CONCLUSIONS mechanism.

ACKNOWLEDGEMENT: This work was

A method of calculation of the free energy supported by the BS-ERAnet program, FP7,
change of polyatomic polarizable dipole-active project HYSULFCEL.

particles during their dissolution in heterogeneous

polar medium is presented. Two mechanisms of REFERENCES
interaction of these particles with the polar medium 1AA. Abrikosov, L. Gorkov E. Dzyaloshonski,
are considered: solvation and fluctuation “Methods of Quantum Field Theory in Statistical

mechanism, including ion-dipole and dipole-dipole Physics”, Dover Publications Inc., New York, 1975.
interactions. The obtained analytic expressions 2.R.R. Dogonadze, T.A. Marsagishvili, Surface Sci.
allow realization of quantitative calculations for 101,439 (1980).

dissolved particles with any finite number of 3.T.A. MarsagiShVili, M.N. Machavariani, PhyS Stat.
degrees of freedom of intra-molecular vibrations, ~ Sol- (b) 154,97 (1989).

: : . 4.R.R. Dogonadze, T.A. Marsagishvili, in: The Chemical
under consideration of the spatial and frequency . . ;
dispersion of the medium, Physics of Solvation, Part A, R. Dogonadze (editor),

“ - Elsevier Publ. Co., Amsterdam 1985, p. 39.
Thereby, at the expense of the “fluctuation 5RR. Dogonadze, T.A. Marsagishvili, M.N.

mechanism of interaction of the intramolecular Machavariani, Bull. Acad. Sci. Georgian SSR, 127, 65
vibrations of a particle with the medium (1987).

polarization fluctuations, dissociation of the 6.H. Bateman, A. Erdelyi, “Higher Transcendental
molecule is possible, although solvation of this Functions”,McGraw-Hill Publ. Co., NewYork/Toronto/
molecule by the medium does not allow the London, 1955.

molecule to dissociate to ions. This mechanism is
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KBaHTOBO-XMMKHYHUTE MPECMATAHHS Pa3KpHUBSIAT JBAa MEXaHH3Ma Ha N3MEHEHHE Ha BOOOJHATAa EHEPTrHsl Ha JTUMOJ-
AKTHBHHU MOJSIPU3YEMH YaCTHIN TIPH B3aMMOCHCTBHE C TIOMSIPHA cpejia (comBatamus U GpIyKTyal[MOHEH MEXaHU3bM).

[Ipu 3apeneHW YacTUIM TJIABHUAT IPHHOC 33 MIHIHOTO H3MEHEHHWE Ha CBOOOJHATA EHEpPrus ce JaBa OT
CONBAaTAIMOHHUS MeXaHW3bM. CBOTBETHO, NpPH NPOCTH 3apeleHHM YacTHIHM B XOMOT€HHa M30TPOIHA cpexa 0Oe3
MIPOCTPAHCTBEHA TUCIIEPCHA TOBAa BOAM JO CBOOOIHA €HEprHsl Ha coiBartanus mo bopH. 3a He3apeneHHW YacTHIH C
pPaBHOBECEH JAWIIOJICH MOMEHT COJIBATAIIMOHHHMAT MEXaHHW3BM CBHIIO BOJWM IO HPOMsSHA Ha CBOOOIHATAa €HEPrHsl Ha
cucreMaTta, a 3a C(epUYHM YaCTHUIM TS € MPaBO MPOMOPIMOHAHA Ha KBaJpaTa Ha JUITOJIHUS OMEHT Ha 4acTUIATa U
o0OpaTHO mponopuroHagHa Ha obema . B pamkuTe Ha COJIBAaTAllMOHHUSI MEXaHW3bM €(DEeKTHUTE Ha aHW3O0TPOIHS U He-
JIOKaJTM3UPAHETO Ha cpenara (Hamp. IpH 3e0JIUTH) TPsIOBa 1a ce IbPXKU CMETKA 32 MPOCTPAHCTBEHATA TUCHICPCHSL.

@OnyKTyallMOHHUAT MEXaHW3bM Ha W3MEHEHHETO Ha CBOOOJHATa CHEprus B CHCTeMaTa OOMKHOBEHO MMa MallbK
npuHOC 3a 00moTO M3MeHeHue. Tol TpsOBa na ce OTYMTA B CHCTEMH ChC Ci1ab0 BIMSHUE Ha COJIBATAllMOHHUSA
MEXaHHU3bM WIM IPU KOUTO BHOPALIMOHHHUTE YECTOTH HA OHEYHCTBAHMATA CE€ NMPOMEHST 3HAYUTEIHO MPU IOCTASHETO
UM B IIOJISIpHA Ccpeaa..

[omyyernTe pelynraTH e HAachbpyaT H3CICIBAHUATA BBPXY aJCOPOIMOHHHWTE MPOIECH Ha TOBBPXHOCTTA Ha
3€0JIMTH, KUHETUKATa Ha MPEHOC Ha 3apsiia ¥ IPEHOCHUTE MIPOLIECH B IOPUTE Ha KOMIIO3UTHU MaTepHUaly.
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Investigation of Trichophyton verrucosum proteins by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
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Trichophyton verrucosum is one of the most common dermatophyte that parasitizeskeratinized tissues in human and
animal. This study compares the proteins of 5 varieties of Trichophyton verrucosum, which obtained from human and
animals. At first, they were cultured on the specific media separately and incubated at 37 °C for one month. For preparation
of protein extracts, the colonies of fungi were transferred to Sabouraud's liquid medium and the amount of proteins was
determined by Bradford method after growth of fungi. SDS-PAGE with 13% polyacrylamide separating gel and a
discontinuous buffer system was carried out for protein analysis. Coomassie blue G250 was used for gel staining and
different bands were appeared. Gel was scanned with a Helena densitometer for protein patterns. Fourteen protein bands
with different molecular weights between 12730-92250 Dalton were detected from the supernatant of samples. In addition
to these 14 bands two other bands (38020 and 34670 Da) were observed in the pellet of samples. In spite of different
morphology of colonies there were no differences between either supernatant to each other or pellet of five T. verrucosum

isolates.

Key words: Dermatophyte, Trichophyton verrucosum, Protein extraction

INTRODUCTION

Superficial mycoses in human and domestic
animals caused by dermatophytes are found
worldwide. The diseases have zoonotic importance
because persons can be infected by contact with
animals. In dairy beef production and also in public
health, dermathophytoses may be of economic
importance due to costs of treatment, decreased skin
value and weight [1 - 3].

Trichophyton verrucosum is a zoophilic
dermatophyte and is an agent of ringworm disease
in human and domestic animals like camel, cow
and cattle [ 4 ]. Direct contact with this fungus
causes of infection of nail, skin and hair in human.
The infection is usually with high inflammation
such as in tinea mannum bullosa. T. verrucosum
also makes economical lose in domestic animals [5].
It is transmitted to human through direct contact
with contaminated cattle or its products in infected
patients with inflammatory lesion in head, face etc.
[6].

Since the proteins of fungi are used for
immunization of animals thus it has generated
considerable interest for determination of protein
pattern and effective prophylactic programs against

* To whom all correspondence should be sent:

E-mail:

dermatophytosis due to T. verrucosum infections in
animals [7 - 10].

EXPERIMENTAL

Clinical isolates of T. verrucosum were obtained
from veterinary faculty of Tehran University. They
were identified according to conventional
morphological criteria.

Extract preparation

Isolates were cultured on Sabouraud's dextrose
agar and blood agar and incubated at 30 °C and 37
°C. They were transferred to 500 ml of Sabouraud's
broth and incubated for 40 days at 30 °C. Mycelia
were harvested by filtration and washed with PBS
twice. The extraction fluid comprised borax, boric
acid, EDTA and 500 ml distilled water. Freeze-
thawing method and grinder instrument were used
for grinding of colonies. The extracts were
separated from the debris by centrifugation at
4000g, followed by 2000g for 45 min at 4 °C. Then
supernatant and pellet were isolated. Protein assay
was done by using Bradford method and then the
extracts were concentrated by freeze drying [11 -
12].
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Electrophoretic Technique

Electrophoretic separation of proteins was
carried out in resolving gel 13% and with
discontinuous buffer system. Reference standards in
the molecular weight range 12300-78000 da were
included on each gel to facilitate comparison of the
bands. Gel was stained in coomassie blue G250.
Protein patterns were scanned with Helena
densitometer and 590 nm filter [13 - 15]

RESULTS

The morphology of colonies were different
compeletly but there were similarities in all protein
patterns obtained from either supernatant, or pellet
of isolates separately.Although the colony forms of
isolates were different but no differences were seen
between them (Fig 1).

Fig. 1. The colonies of Trichophyton verrucosum at different media after 4 weeks
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There were differences between protein patterns
of supernatant and pellet in two bands. 14 protein
bands with different molecular weights were
observed in supernatant. In pellet of samples, 16
protein bands were detected which were the same as
supernatant bands (Fig 2)and the molecular weight
of two remainders were 38020 and 34670 Da (Table
1). The gel was scanned and the density of proteins
were determined (Fig 3), protein standard curve was
shown in Fig 4.

e b ¢ 4 BcdE 3 |

- -

- e -
Fig. 2. Left to right a, b, ¢, d, e respectively: Supernatant
of samples, standard, Pellet of samples

e
‘,11==¢B.-M!"Ha’ Wnd

Fig. 3.Scanning of A: supernatant SDS-PAGE; B: pellet
SDS-PAGE

Table 1. The molecular weights of proteins in
supernatant and pellet

Sample No

Mol 1 2 3 4 5

Weights

92250
81280
74990
72440
70790
63100
60000
56890
51880
48420
44150
41680
38020
34670
29150
12730
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Fig. 4. Standard curve
DISCUSSION

Trichophyton verrucosum is an important
zoophilic  dermatophyte that causes acute
dermatophytosis in human and animals [16].

This investigation was based on differences of
morphology and virulence of isolates that were
probably related to their proteins, but SDS-PAGE of
samples showed that there were similarities in
protein patterns of T. verrucosum isolates.On the
basis of Tucker and Noble detection there was great
similarity in all protein patterns of clinical isolates
and no consistent differences were seen. Moreover,
no differences were observed between the typical
and dysgenic form of Microsporum canis [12]. The
presence of bands 63100,70700 and 92250 da in T.
verrucosum and absence of them in Microsporum
canis can probably distinguish it from other
dermatophytes and specific proteins of T.
verrucosum can be determined. On the basis of G.
Grzywnowicz et al reports ,T. verrucosum secretes
enzymes into the growth medium and this strong
enzymatic activity of the extracellular type of
proteases is largely responsible for the relatively
quick and extensive pathogenic changes. The other
characterization of proteolytic enzymes of T.
gallinae and T. verrucosum showed that their
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properties were in many respects similar to the
enzymatic activities of other dermatophytes.
Therefore it would appear that like other
dermatophytes a complex of several proteolytic
enzymes exist [17]. Therefore the traces of protein
patterns obtained were not as clear as those
commonly obtained for bacteria and this may be due
to the powerful proteases possessed by these fungi
which were not entirely suppressed by the anti
proteolytic cocktail and low temperatures employed
[12].

It is concluded that different morphology and
pathogenesis of T. verrucosum isolates may be
related to enzymatic activity. Also existence of
pigment may cause extensive pathogenic changes,
for example Vangiella dermatidis and Cryptococcus
neoformance. Cryptococcus neoformance without
melanin shows slight pathogenesis in mouse [ 18].
Anyhow this is the first study about differentiation
of T. verrucosum proteins in Iran and is introduced
as protein pattern of this fungus.
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N3CJIEABAHE HA TTPOTEMHU OT TRICHOPHYTON VERRUCOSUM YPE3
EJIEKTPO®OPE3A B HATPUEB JOAELINII CYJIDAT -
[MOJIMAKPUIIAMUJIEH I'EJT (SDS-PAGE)

3. AGemuant, A.P. KXOCpaBI/IZ, A.P. Mec6ax®, ®. A6emnan®

Y Uscnedosamencku yenmup no kiemvuna u morexyaspra buono2us, Meduyuncku ynusepcumem babon, Babon, Upan
2 Kamedpa no muxpobuonozus, @axynmem no semepunapna meouyuna, Texepancku ynusepcumem, Texepan, Upan
3 Kamedpa no 6uoxumus, Meouyuncku gaxyimem, Yuusepcumem Tapbuam moodapec, Texepan, Upan
4 Kameopa no umynonoaus, Ynusepcumem no meduyuncku nayku Maszadapan, Capu, Upan

Tlomy4ena Ha 2 sayapu, 2014 r.; xopurupana Ha 9 despyapu, 2014 r.

Trichophyton verrucosum e emuH OT Haii-uecTHTE AepMAaTOPUTH, KOWTO MapasuTupa B KEPATHHU3HPAHH THKaHU Ha
XOpa M ’KUBOTHH. TOBa MpOyYBaHE CPaBHIBA IPOTEHHHUTE HA TeT pa3HOBHAHOCTH Ha Trichophyton verrucosum, kouro ca
MOJYYEHH OT XOpa U XHUBOTHU. Haii-Hanpes, Te ce KyITUBHPAT Ha crieU(DUYHU CPEM HO-OTIEHO U Ce UHKYOUpaT 1pu
37 °C B mpoABIDKEHHE HA €IMH Mecell. 3a MoTy4yaBaHe Ha IPOTEMHOBH €KCTPAKTH, KOJJIOHUHUTE OT THOWYKH Ce IPEXBBPIIAT
B TeuHa cpema Sabouraud u KOMMYECTBOTO Ha MPOTEHMHH ce ompexeis mo meroma Ha Bradford cmenm pactexa ma
reonukute. [IpoBenena 6e SDS — PAGE enektpodopesa ¢ pazpgemsiny 13% nonuakpuiaMuIeH rei U MepHOAnYHA
OydepHna cuctema 3a ananus 3a npotenH . KymasunoBo cuabo G250 ce n3non3Ba 3a OLBETSBAHE Ha rella U Ce MOsIBSIBAT
pasnuyHu MBULM . [enbT ce ckaHupa ¢ neHcutomersp Helena 3a mporerHOBH Mozpenu. YeTupuHageceT MPOTCHHOBH
UBULU C Pa3iUYHU MOJICKYJIHM Ternia Mexay 12730-92250 Dalton 6sxa oTKpuTH B cynepHaTaHTara Ha npobure. B
JOITbJIHEHNE KbM Te3u 14 uBunu ce Habmronasat ase uBuiy ( 38 020 u 34 670 Da ) B yraiikaTta Ha npoouTte. Berpeku
pasimuHaTa MOp(OoJIOTHs Ha KOJIOHMHTE, HE CA YCTAHOBEHH PA3JIMKH MEXK/y JBETE CYIEpHATaHTH KaKTO €IHa OT Jpyra,

TaKa ™ 3a IeJICTH OT IeTTe . Verrucosum u3osaru.
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b) Only the initials of the first and middle names
should be given.

In the manuscripts, the reference to author(s) of
cited works should be made without giving initials,
e.g. “Bush and Smith [7] pioneered...”. If the refer-
ence carries the names of three or more authors it
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the left-hand top. Each table should be referred to in
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possible but they must define units unambiguously.
The units are to be separated from the preceding
symbols by a comma or brackets.
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respective figure captions in a separate file (sheet).
As far as presentation of units is concerned, Sl units
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than 6 (12 for reviews, respectively) figures in the
manuscript. Since most of the illustrative materials
are to be presented as 8-cm wide pictures, attention
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(after the manuscript has been accepted for
publication) in electronic form either by e-mail or
mail on a 3.5 diskette (CD) using a PC Word-
processor. The main text, list of references, tables
and figure captions should be saved in separate files
(as *.rtf or *.doc) with clearly identifiable file
names. It is essential that the name and version of
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