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A facile synthesis of calix[4]pyrroles using heteropolyacids as green, eco-
friendly, reusable and recyclable catalyst

A. Gharib ** M. Jahangir *, M. Roshani*

'Department of Chemistry, Islamic Azad University, Mashhad, Iran
ZAgricultural Researches and Services Center, Mashhad, Iran

Received: September 4, 2010; accepted: April 19, 2011

A catalytic method was proposed for the synthesis of calix[4]pyrroles and N-confused calix[4]pyrroles by reaction
of dialkyl or cycloalkyl ketones with pyrrole using heteropolyacids as acidic catalysts with good yields under mild and

environmentally friendly conditions.
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1. INTRODUCTION

Heteropolyacids are classified according to their
structures. Two classes, the Keggin and the Wells—
Dawson structures, have been investigated more
extensively than the others [1,2]. The use of
heteropolyacids, HPAs, has recently received
considerable  attention as  nontoxic  and
environmentally benign catalysts for various
organic transformations to afford the corresponding
products in good vyield. Due to the numerous
advantages associated with these ecofriendly
(green) catalysts, HPAs and their salts have been
explored as powerful, efficient and ecofriendly
catalysts in organic reactions [3]. An important area
of supramolecular chemistry is the design and
synthesis of receptors to recognize, sense and bind
the anions [4]. Calixarenes are a very important
class of macrocyclic compounds which are widely
used as ligands in supramolecular chemistry.
Modification of the upper rim of calix[4]phenols by
means of Sy" coupling with electron-deficient
triazinones is a new approach to change the
molecular cavities of these compounds, which
opens new possibilities for construction of highly
selective ligands [5]. The research and development
have been made under milder methods for the
synthesis of porphyrins [6], N-C isomerization [7]
and higher homologues of porphyrins [8]. The
meso-octamethylcalix[4]pyrrole  3a has been
prepared by condensation of pyrrole with acetone in
the presence of aqueous hydrochloric acid or
methanesulfonic acid in methanol [9]. Calix
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[4]pyrroles  are  conformationally  flexible
macrocycles [10] of significant importance due to
their binding under different conditions with anions
[11], neutral substrates [9] and metal ions [12]. The
complexation behavior of calix[4]pyrroles with
anions and cations has been widely studied using
fluorescence  [13], colorimetric  [14] and
electrochemical signaling [15] devices. They find
interesting applications as raw materials for
transformation into novel calix[4]pyridines and
calix[4]pyridinopyrroles [16], as new solid supports
capable of separating anion mixtures [17], in
optical recognition of organic vapors [18] and as
biologically active species [19]. Porphyrinogens,
bearing hydrogen atoms at meso positions, are key
intermediates in biological and chemical synthesis
of porphyrins [20].

Synthesis of meso-octamethylcalix[4]pyrrole
(3a) and N-confused octamethylcalix[4]pyrrole
(4b) has been performed using pyrrole and acetone
in the presence of trifluoroacetic acid [21]. The
reactions of pyrrole with dialkyl ketones in the
presence of protic acids (HCI, H,SQ,), organic
acids (CH3SO3H) and Lewis acids (BBr; and BF3)
have also been wused in the synthesis of
calix[4]pyrroles [22]. The reaction of excess of
pyrrole with dialkylketones in the presence of acid
gave  5,5-dialkyldipyrromethanes  which  on
subsequent reaction with dialkylketones in the
presence of borontrifluoride-etherate  formed
strapped calix[4]pyrroles [23]. These acids are
considered hazardous and corrosive and their
removal from the reaction mixtures is difficult.
Recently, condensations in dichloromethane of
pyrrole with dialkyl ketones in the presence of the
molecular sieve AI-MCM-41 and the zeolite HY
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afforded dipyrromethane, calix[4]pyrroles and other
linear products, but not the N-confused
calix[4]pyrroles [24]. Heteropolyacids (HPAs) are
inexpensive and non-hazardous solid acids, useful
as catalysts.

2. EXPERIMENTAL SECTION
Chemicals and apparatus

All chemical compounds were obtained from
commercial sources and used as received.

IR spectra were recorded on a Bruker 500
scientific spectrometer. 'H NMR spectra were
recorded in CDCI; with TMS as internal standard
on a FT NMR Bruker 100 MHz Aspect 3000
spectrometer. The mass spectra were scanned on a
Varian Mat. CH-7 at 70 eV. Melting points were
recorded on an Electrothermal type 9100 melting
point apparatus and were uncorrected.

Preparation of Catalysts

Preyssler catalyst, His[NaPsW3qO110] ( Hi1s-Ps).
Hy4-Ps was prepared by passage of an aqueous
solution of the potassium salt through a column (50
cmx1 cm) of Dowex50Wx8 in the H* form and
evaporation of the eluate to dryness under vacuum
[25].

Wells-Dawson  species Hg[P,W50¢,]. The
Wells-Dawson species Hg[P,W150s,] Was prepared
as described elsewhere [26] from an agueous
solution of the (X/B K6P2W18062.10H20 Salt, which
was treated with ether and concentrated (37%) HCI
solution.

General procedure

Preparation of calix[4]pyrroles (3a-g) and N-
confused calix[4]pyrroles (4a-4e). Synthesis of

Heteropolyacid Ry

CHCl g, 1t
R 8

O

N
N Ry R,

Ry

1 2

2aRy=Ry= CHy
2b Ry=CHg, Ry=C;Hs
2¢ Ry=R,=C,Hs

2d R1-Ry=-(CHp)4-
2e R1-Ry=-(CHy)s-

2f Ry-Ry=-(CH,)-

29 R1-Ry=-(CHp)7-

Ry Ry

3

3aR;=R,= CHy
3b Ry=CHa, Ry=C,Hs
3¢ R1=Ry=C,H5

3d Ry-Rp=-(CHy)s-

Ry

meso-octamethylcalix[4]pyrrole  (3a) and N-
confused octamethyl calix[4]-pyrrole (4a):

A mixture of pyrrole (8 mmol), acetone (8
mmol), CHCI; (10 mL) and heteropolyacid catalyst
(0.04 mmol) was added to the bottom flask and the
mixture was stirred for 6 hours at room
temperature. The reaction progress was monitored
by thin layer chromatography (TLC). After
completion of the reaction, the catalyst was
removed by filtration and washed thoroughly with
CHCI; to dissolve all contents. The filtrate was pre-
concentrated to give the crude product, which was
subjected to column chromatography to afford pure
meso-octamethylcalix[4]pyrrole (3a). The further
elution of the column with petroleum ether-
chloroform (2:3, v/v) gave the N-confused isomer
of octametylcalix[4]pyrrole (4a). The above-
described general method was used for the
synthesis of different calix[4]pyrroles (3b-3g) and
N-confused calix[4]pyrroles (4b, 4d and 4e).

Reusability of catalyst

The recycled catalyst could be washed with
dichloromethane and subjected to a second run of
the reaction process with the same substrate. The
results of the first and subsequent experiments were
almost consistent in yields (83, 82.5 after three
runs).

3. RESULTS AND DISCUSSION

We wish to report the synthesis of
calix[4]pyrrole  (3a) and the N-confused
calix[4]pyrrole (4a) by using heteropolyacids as
acid catalysts, and we performed this synthesis in a
choroform solution of pyrrole (1) with acetone for 6
hrs in the presence of Preyssler catalyst (Scheme 1,
Table 1).

4a Ry=Ry=CHj
4b Ry=CHg, Ry=C,Hs
4d R1-Ry=-(CHy)s
4e Ry-Ry=-(CH,)s-

3e Ry-Rp=-(CHy)s-
3f R1-Rp=-(CHy)s-
3g R-Ry=-(CHy)7

Scheme 1. Synthesis of calix[4]pyrroles using Preyssler and Wells-Dawson heteropolyacids
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Table 1. Reaction of different ketones (2a-2g) with pyrrole in CHCIs, catalyzed by a Preyssler heteropolyacid catalyst

Hi4-Ps.
Compound Time % *Yield(%)/mp°C, (3) (lit.mp°C,[ref.])(3) *Yield(% )/mp°C,(4) (lit. mp °C, [ref.)(4)
() Conversion
of Pyrrole
2a 6 95 84.5/295 (2% [27)) 11.5/185 (184 -185 [41])
2b 8 88 80/144 (146 [42)) 10/121
2¢ 18 7L5 745222
2d 5 93 83/235 (236 [42)) 11.5/198
2e 3 96 85273 (271272 [43]) 12/224 (223.2-223.6[43])
2f 24 37 32/163
2g 48 25.5 21.5223
*Tsolated vields.

Table 2. Preyssler catalyzed condensation of pyrrole and acetone in different solvents.

Entry Solvent Yield (%) 3a “Yield (%) 4a

1 CHClL, 84.5(83,82.5) 115(11,10.5)
2 CCl, 56 -

3 Benzene 45 -

4 Toluene 44 -

5 DMF 39 -

6 DMSO 36 -

7 Ethanol 71.5 9.5

8 THF 51 ’

9 Acetonitril 68 8

# Jsolated yields. ° Catalyst was reused over three runs.

Table 3. Reaction of different ketones (2a-2g) with pyrrole in CHClj, catalyzed by Wells-Dawson and Keggin (12-

tungestophosphoric acid).

Compound Reaction time | *Yield (%) using | *Yield (%) using | “Yield (%) using ¥Yield (%) using
(min) HsPyW 1506 (3) HPW15040 (3) HePyW 1506 (4) H3PW 1504 (4)
2a 6 81 77 8.5 7
2b 8 76.5 75 8 -
2¢ 18 70 68 - -
2d 5 79 74.5 8 -
2e 5 82.5 79 7.5 -
2f 24 26 20 - -
2g 48 16.5 11.5 - -
? Isolated yields.

We carried out the synthesis of calix[4]pyrrole
(3a) using various heteropolyacids (Table 2). The
results showed that the yield of this synthesis is
excellent using Preyssler and Wells—Dawson type
tungstophosphoric  heteropolyacid, H¢P,W 1504,
catalysts. The synthesis reaction (Scheme 1) was
tested using different solvents and the best yields
were obtained in chloroform (Table 2).

We performed this synthesis with other ketones
(3b-3g) and pyrrole in chloroform as a solvent and

used the Preyssler and Wells—Dawson type
tungstophosphoric  heteropolyacid, HeP,W 1504,
catalyst (Table 3).

The reactions of cycloheptanone (2f) and
cyclooctanone (2g) with pyrrole in presence of the
Preyssler catalyst gave the corresponding
calix[4]pyrroles (3f) and (3g) in 32% and 21.5%
yields at ambient temperature, but the time required
for the conversions was considered too long. In the
reactions of pyrrole with 2c, 2f and 2g, the
corresponding N-confused calix[4]pyrroles could
not be isolated. This could be attributed to the steric
hindrance encountered with these higher acyclic
and cyclic ketones. The atoms at C-2 and C-5
positions in pyrrole are more reactive than those at
C-3 and C-4 positions, hence the electrophilic
reaction at the C-2 and C-5 positions of pyrrole
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Table 4. 'HNMR spectral data for meso-octaalkyl and cycloalkyl calix[4]pyrroles (3a-39).

Compound 'HNMR § (ppm)*

3a 7.01 (4H, br s, NH), 5.89 (81, d, J=2.5 Hz, B-pyrrole), 1.50 (24 H. 5)

3b 6.97 (4H, br s, NH), 5.80 (8H, d, J=2.5 Hz, p-pyrrole), 1.79-1.76 (8H, q, -CH2), 1.45-1.18 (12H, brs,
CH), 0.80-0.63 (12 H, t, CHy)

3¢ 7.05 (411, br s, NH), 5.89 (81, d, J=2.3 Hz, p-pyrrole), 1.79-1.57 (16H, g, -CH2), 0.71-0.58 (24 I1, t, CHy)

3d 7.03 (4H, br s, NH), 5.85 (8H, d, J=2.3 Hz, p-pyrrole), 2.21-2.00 (16H, m), 1.68-1.44 (16H, m)

3e 7.25 (4H, br s, NH), 5.89 (8H, d, J=2.5 Hz, p-pyrrole), 1.91-1.90 (16H, m), 1.50-1.41 (24H, m)

3t 6.88 (4H, br s, NH), 5.83 (8H, d, J=2.5 Hz, p-pyrrole), 2.01-1.94 (16H, m), 1.72-1.52 (32H, m)

3g 6.99 (4H, br s, NH), 5.93 (8H, d, J=2.4 Hz, p-pyrrole), 1.97-1.95
(16H, m), 1.52-1.34 (32H, m), 1.23-1.21 (8H, m)

A1l products are known, characterized by "H-NMR and compared with authentic samples [24].

Table 5. 'HNMR spectral data for meso-octaalkyl and cycloalkyl N-confused calix[4]pyrroles (4a, 4b, 4d, 4e).

Compound

'HNMR § (ppm)

*4a

NH: 7.75 (1H, br), 7.41 (1H, br), 7.26 (2H, br);, a-pyrrole: 6.30
(1H, d, J= 2 Hz), p-pyrrole: 6.04 (2H, br), 5.97 (21, br), 5.93
(2H, m), 5.50 (111, br); 1.56-1.48 (241, m)

4o

NH: 7.63 (1H, br), 7.53 (1H, br), 7.35 (2H, br); a-pyrrole: 6.40
(1H, d, J= 2 Hz) ; B-pyrrole: 6.03 (2H, br), 5.88 (2H, br), 5.78
(2H, m), 5.53 (1H, br);, 1.92 (3H, s, CH3), 1.83-1.12 (29H, m)

4d

NH: 7.48 (1H, br), 7.29 (1H, br), 7.00 (2H, br);, a-pyrrole: 6.42
(1H, d, J=1.97 Hz), p-pyrrole: 6.00 (2H, br), 5.90 (21, br), 5.88
(2H, m), 5.58 (111, br); 2.25-1.98 (161, m), 1.50-1.20 (16H, m)

e

NH: 7.63 (1H, br), 7.44 (1H, br), 7.10 (2H, br); a-pyrrole: 6.42
(1H, d, J= 1.98 Hz), p-pyrrole: 6.03 (2H, br), 5.97 (2H, br), 5.82
(2H, m), 5.50 (1H, br);, 2.70-2.10 (16H, m), 1.60-1.20 (24H, m)

authentic samples [27].

with acetone in the presence of acid gave
calix[4]pyrrole in preference to N-confused
calix[4]pyrrole [27]. The recovered catalyst was
recycled twice with a modest loss in product yield
(Table 1). The catalytic activity of the
heteropolyacid catalysts is remarkable.
Heteropolyacid catalysts are environmentally
benign and commercially available. The spectral
data for the compounds (3a-3g and 4a, 4b, 4d, 4e)
are shown in Tables 4, 5.

4. CONCLUSIONS

We reported a catalytic method for the synthesis
of calix[4]pyrrole using a Preyssler heteropolyacid
catalyst as an efficient, reusable and ecofriendly
heterogeneous inorganic catalyst. It is noteworthy
that the catalyst is reusable. Even after three runs
for the calix[4]pyrrole reaction, the catalytic
activity of Hy,[NaPsW3,0159] was almost the same
as that of a fresh catalyst. H14[NaPsW3qO11¢] is non-
corrosive, environmentally benign and presents
fewer disposal problems. Furthermore it was
confirmed that a heteropolyacid with Preyssler
structure displays higher activity and leads to
higher yields due to the higher number of acidic
protons.
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2
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ITocTpnuina Ha 4 centemspy, 2010 r.; npuera Ha 19 anpun, 2011 r.

(Pesrome)

Hpeunomeﬂ € KaTaJIUMTU4YCH MCTOJ 3a CHHTE3aTa Ha KaJ'II/IKC[4]HI/Ip0J'II/I n TCXHU KOH(bOpMaHHOHHH n3omMepu ¢
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KHUCCIIMHHU KaTAJIU3aTOPU IIPHU MEKHU U €KOJIOTUYHO CbBMECTUMU YCJIOBUS.
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The synthesis of cyclotriveratrylene (CV) using formaldehyde (37%) in the presence of
heteropolyacids, Hs«PMo01,xVxO4 (x = 1-3) was studied in different solvents. In all cases the
heteropolyacid with x = 3 gave the highest yield using ethanol as solvent. The effects of the catalyst

and the solvent on the reaction were studied.

Key words: cyclotriveratrylene (CV), formaldehyde, heteropolyacid, catalyst.

1. INTRODUCTION

The facile condensation reaction between
formaldehyde and phenols or their derivatives
provides a major route to obtain rigid
macrocycles used in supramolecular chemistry.
Calixarenes, the best-known class of phenol-
derived macrocycles, are prepared in this way,
as are spherands and their relatives.
Cyclotriveratrylene (CV), however, is an
excellent exemplar of the ‘molecular basket’
type of ligands and has been known for the best
part of a century. Many derivatives have been
prepared and some exhibit useful inclusion
properties such as that in Figure 1.

Fig. 1. Structure of a cyclotriveratrylene inclusion
complex.

The synthesis included here is based on that
reported by Robinson. In her paper the

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

structure of the colourless crystalline
precipitate resulting from the condensation of
veratrole with formaldehyde in sulphuric acid
was given a dimeric, rather than trimeric,
configuration. At the time the product was
believed to be 2,3,6,7-tetramethoxy-9,10-
dihydroxyanthracene; however, as this was
determined by the percentage of carbon and
hydrogen in the compound, it is an
understandable error as the composition would
be the same for any higher homologue. The
procedure is a result of much trial and error
together with careful observation: as will be
seen from the literature surrounding acid-
catalysed reactions between aldehydes and
phenols (or their derivatives such as resorcinol,
pyrogallol and veratrole), yields are highly
variable [1-6]. The structure of
cyclotriveratrylene (CV) is (10,15-dihydro-
2,3,7,8,12,13-hexamethoxy-5H-
tribenzo[a,d,g]cyclononene).

The application of heteropolyacids, HPAs,
as catalytic materials is growing continuously
in the catalytic field. These compounds possess
unique properties such as: well-defined
structure, Bronsted acidity, possibility to
modify their acid—base and redox properties by
changing  their  chemical  composition
(substituted HPAs), ability to accept and

118 © 2012 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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release electrons, high proton mobility, being
environmentally benign and presenting fewer
disposal problems [7]. Because of their
stronger acidity, they generally exhibit higher
catalytic activity than conventional catalysts
such as mineral acids, ion exchange resins,
mixed oxides, zeolites, etc [8].

2. EXPERIMENTAL
Chemicals and apparatus

All compounds were purchased from Merck
Company and all of the catalysts were prepared in
accordance with the literature data [9-12]. The
Wells—Dawson, Hg[P,W150s,] was prepared as
described elsewhere [13] from an aqueous solution
of a/f KeP,W106,.10H,O salt, which was treated
with ether and concentrated (37%) HCI solution.
All products were identified and their physical and
spectroscopic data were compared with those of
authentic samples. Melting points were measured
using Barnstead Electro thermal. IR spectra were
recorded on Bruker 4000-400 cm™. 'H NMR
spectra were recorded on a FT-NMR Bruker 90
MHz. The yields are based on GC/mass analysis
using Agilent 6890 GC system Hp-5 capillary
30mx530pumx1.5um nominal.

General preparation of cyclotriveratrylene (CTV)

Add cold 1,2-dimethoxybenzene (10 mL, 78.5
mmol) to heteropolyacid (0.04 mmol) in a 150 mL
round-bottomed flask and stir vigorously. Add
dropwise aqueous formaldehyde (12.5 mL, 37 %)
and then add the indicated solvent (75 mL) using a
syringe at indicated times, again with vigorous
stirring. The syringe needle should be pushed
through a septum that has a second needle inserted
to release the pressure. Again, it is vital that stirring
is vigorous otherwise the formaldehyde will fail to
mix properly. By the end of the addition, about 45
min, the reaction mixture becomes a paste. Leave
the paste for indicated times, then add indicated
solvent (75 mL), stir and warm the mixture briefly
with a heat gun to break up any large solid lumps.
The progress of the reaction was monitored by TLC
using petroleum ether:ethyl acetate as eluent. After
completion, the reaction mixture was cooled to
room temperature. Then the mixture was filtered,
washed with ethanol (3x50 mL) and with diethyl
ether (50 mL), then the solid residue was isolated
and dissolved in dichloromethane. The catalyst was
filtered off and the solvent was evaporated from the
reaction mixture. The solid product was purified by
recrystallization from aqueous dichloromethane.
The crude product was obtained in quantitative

yield as off-white powder. The vyields were
determined by GC-MS.

m.p.: 225-228 °C; IR (v, cm™): 1518, 12609,
1094; *H NMR (3, ppm; CDCls),: 6.7 (s, 6 H, ArH),
4.9,3.5(dd, 6 H, CH,), 3.7 (s, 18 H, CH).

Reusability of the catalyst

The catalyst was recovered after the
reaction and was reused in these reactions. Several
subsequent recoveries had only slightly decreased
the catalytic activity, pointing to the stability and
retention capability of this polyanion. At the end of
the reaction, the catalyst was filtered, washed with
diethyl ether, dried at 130 °C for 1 h, and reused in
another run. The recycled catalyst was used in three
consecutive runs without appreciable loss in
catalytic activity.

3. RESULTS AND DISCUSSION

Synthesis of cyclotriveratrylene (CV) with
formaldehyde (37%) in different solvents was
explored using  vanadium  (V)-substituted
polyoxomolybdates, Hs.PMO0, V04 (X = 1-3)
and Wells-Dawson, Hg[P,W10¢,], (Scheme 1).
Heteropolyacids with x = 1-3 catalyze the synthesis
of cyclotriveratrylene leading to a major product
depending on the solvent of the reaction. In a
systematic study in the presence of all catalysts, the
reaction was examined with different solvents and
then in the solvent of choice. In the latter, the
effects of the reaction time were studied.
Recrystallization often results in the formation of a
fine white solid.

OCH

HPA, H,CO
Ethanol

OCH;

HsCO OCH,

Scheme 1. Synthesis of cyclotriveratrylene
Effect of the solvent

The synthesis of cyclotriveratrylene (CV) at
reflux temperature was carried out using various
common solvents such as carbon tetrachloride,
dichloromethane, and chloroform. The results are
shown in Table 1. With all catalysts, the highest
yield of cyclotriveratrylene and the shortest time
required for completion of the reaction was
obtained with ethanol as solvent. The highest yield
of 98% for cyclotriveratrylene in ethanol indicates
the influence of the solvent on the reaction yield
(Table 1).
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Table 1. Catalytic synthesis of cyclotriveratrylene with formaldehyde (37%) in the presence of different

solvents and catalysts

Entry | Solvent | Catalyst Temperatur(°C) | Time | Yield
(h) | (%)’

1 CCI4 H4[PMO| 1V04(,] RT 5 70

2 CHZCIQ H4[PMO| 1V04()] RT 4.5 )

3 CHCI’; H.;[PMO] 1V04()] RT 3 81

4 Ethanol | Hy[PMo0;;VOu] RT 2 94

5 Ethanol | Hs[PMo0;oV204] | RT 1.5 95.5

6 CC|4 Hs[PMOl()Vzou;] RT 4 81.5

7 CH,Cl, | Hs[PMo0,4V204] | RT 3.5 85

8 CHCIx Hs[PMOszO.m] RT 3 90

9 Ethanol | Hs[PMoyV304] RT 1 98

10 CH,Cly | H[PMoyV304] RT 2.5 92

11 CHCl; Hg[PMoyV3040] RT 2 94

12 CCly Hs[PMo0yV3040] RT 3 88.5

13 CCly He[P2W150562] RT 6 61

14 CHCl, | He[P2W15062] RT ) 63

15 CHCl, Hg[P2W 15062 RT 4.5 65.5

16 Ethanol | Hg[P2Wi50e:] RT 3 90

Effect of the catalyst

The hetropolyacids of the series Hz.PMO01,4V,Oyo
(x = 1-3) showed good to excellent catalytic
behaviour in the synthesis of cyclotriveratrylene in
ethanol, carbon tetrachloride, dichloromethane and
chloroform. The results are shown in Table 1.
He[PMo0gV;0y] catalyzes efficiently the formation
of cyclotriveratrylene giving a total yield of 98% in
ethanol. The yield with this catalyst was found to
decrease from 98% to 88.5% when the solvent was
changed from ethanol to carbon tetrachloride
(Table 1, entries 9-12). In addition, Hs[PM01,VOy]
and Hs[PMo3qV,040] gave a total yield of 70% and
81.5% in carbon tetrachloride, respectively (entries
1 and 6). In other words, the activities of the
H3PMO01,,V, Oy (x = 1-3) catalysts in the
synthesis of cyclotriveratrylene in  carbon
tetrachloride, were found to decrease in the
following order: Hg[PM0gV3040]>H5[PM014V,040]
>H4[PMO11VO40] >H6[P2W18062]. Many properties
of the heteropoly compounds in solution depend on
the reaction time, the solvent type, the structure of
the catalyst, the pH value of the solution, and other
factors. The Keggin anion has an assembly of 12
corner-shared octahedral MoOg from trimetallic
groups [Mo3;043] around a heteroatom tetrahedron
PO, [14]. The introduction of vanadium (V) into
the Keggin framework of [PMo01,04]" is beneficial
for catalytic reactions [15]. Usually positional
isomers coexist when two or more vanadium atoms
are incorporated into the Keggin structure (for
example 5 and 13 isomers for x=2 and 3,

120

respectively) [16]. Studies on these isomers in
catalytic reactions indicated that different isomers
displayed different reactivities [17-19]. The
efficiency of the catalysts is related to the mol
percentage of metal atoms. The Wells—Dawson
HPA has 18 tungsten atoms, so the relative
efficiency of the systems is: Keggin>Wells—
Dawson. Considering the mass catalytic ratio (Mo
= 96, V = 51), it is clear that Keggin HPAs are
more efficient than others.

4. CONCLUSIONS

Recyclable, eco-friendly, easily prepared and
inexpensive  vanadium  (V)-substituted  poly-
oxomolybdates were used as catalysts for the
synthesis of cyclotriveratrylene. Important features
of this protocol are: simplicity and versatility of
process engineering and environmentally safe
disposal. The catalyst can be easily recovered,
regenerated and reused without appreciable loss of
structure and activity, thus providing economic and
environmentally friendly method for preparation of
cyclotriveratrylene.
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(Pe3rome)

Uscnenpana e cuure3ata Ha uumkinoseparpwieH (CV) ot dopmammexun (37%) B NPUCHCTBHE Ha XeTepo-
nomukucenHl (HzPMO01,V Oy, X = 1-3) B paznuunu pasrBoputenn. V3ydeH e epekThT Ha KaTauu3aTopa U Ha
Ppa3TBOPUTEINS BbPXY X0/1a Ha peakuusiTa. BbB BCHUKH CIyd4an XeTepo-IIOJIMKHUCEMHUTE C X = 3 1aBaT Hali-BHCOK JJOOMB

IIPH €TAHOJI KaTO Pa3TBOPUTEI.
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A series of naphtho[2,3-d]imidazoles (2a-1) were synthesized in good yields by the reaction of 2,3-
diaminonaphthalene with aromatic aldehydes in the presence of catalytic amounts of copper nitrate, Cu(NO3),.6H,0.
Some features of this practical protocol are: use of catalyst, short reaction times and easy workup. The antibacterial
activity of these naphtho[2,3-d]imidazoles was tested against Staphylococcus aureus (mm) and Escherichia coli (mm)

bacterial strains.

Key words: aromatic aldehydes, imidazole, 2,3-diaminonaphthalene, catalyst.

1. INTRODUCTION

Naphtho[2,3-d]imidazoles  have  received
substantial attention because of their broad
application for the preparation of biologically
active molecules and for the Chichibabin reaction
[1,2].

Several methods have been reported for the
preparation of benzimidazoles. The general
procedure for the synthesis of simple
benzimidazoles usually involves the reaction of
carboxylic acids or their derivatives (nitriles,
orthoesters, imidates) with o-phenylenediamines,
and the reaction of o-phenylenediamines with
aldehydes in the presence of an acid catalyst under
various reaction conditions [3-11]. In each case, the
cyclization involves coupling at the o-phenylene
nitrogen. However, due to the low basicity of 2,3-
diaminonaphthalene compared to 1,2-
phenylenediamine, synthesis of simple
naphtho[2,3-d]imidazoles is difficult under similar
conditions and most of the references in the
literature report the synthesis of substituted
naphtho[2,3-d]imidazoles under different
conditions [12,13]. Because of the increasing
importance of naphtho[2,3-d]imidazoles, a simple
procedure for the synthesis of these heterocyclic
compounds would be of great value.

In view of these points and as a part of our
research work on the development of new methods
for the synthesis of condensed imidazoles [4,6,11]
we are going to report a clean and practical
synthetic method for the preparation of
naphtho[2,3-d]imidazoles using Cu(NO3),.6H,0 as

an efficient catalyst.
2. EXPERIMENTAL

Reagents and methods

All used chemicals were purchased from Merck
or Fluka Company. Melting points were determined
on an Electrothermal digital melting point
apparatus. The IR spectra were recorded on a
Unicom Galaxy series FT-IR 5000 spectrometer.
NMR spectra were recorded on a Bruker (300
MHz) spectrometer. Chemical shifts (ppm) were
referred to the internal standard tetramethylsilane
(TMS). Microanalyses were performed by the
Elemental Analyzer (Elemental, Vario EL Ill). The
microanalyses results agreed with the calculated
values. Reactions were monitored by thin layer
chromatography using silica gel Fz, aluminum
sheets (ethyl acetate/ n-nexane, 3:1). The microbial
strains were identified and obtained from the
Pasteur Institute of Iran: Staphylococcus aureus
(RTCC, 1885), and Escherichia Coli (ATCC,
35922).

General procedure for the preparation of
naphtho[2,3-d]imidazoles

To a solution of 2,3-diaminonapthalene (1
mmol) and the corresponding aromatic aldehyde (1
mmol) in ethanol (15-20 mL) Cu(NOs3),.6H,0 (15
mol%) was added. The reaction mixture was stirred
at 50°C for desired time (Table 1). The reaction
progress was monitored by TLC. After completion
of the reaction, water (20-25 mL) was added. The
precipitated crystals were filtered, washed with cold
water and air dried.
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Table 1. Reaction of 2,3-diaminonaphthalene with aromatic aldehydes catalyzed by 15 mol% Cu(NO;),.6H,0 at 50 °C

Product (2) Ar Time (min) Yield (%) M.P. (°C)
a 2-NO,CgH, 20 68 270 (dec)
b 4-NO,CgH,4 40 78 180 (dec)
c 4-CH3CgH, 50 65 241 (dec)
d 3-BrCeH, 30 58 240-242
e 4-BrCg¢H, 35 67 270 (dec)
f 2-CICgH, 40 78 274-278
g 3-CICgH, 35 60 212 (dec)
h 4-CICgH, 38 89 220 (dec)
i 4-CH3;0C¢H, 55 60 320 (dec)
i CeHs 45 40 260 (dec)
k 2-Cl-6-F-CgH3 30 67 267-268
| 2-OH-5-Br C¢H3 40 63 312-314

Table 2. Zone inhabitation of naphtho[2,3-d]imidazoles (2a-I)

Entry  Compound Staphylococcus aureus (mm)  Escherichia coli (mm)

1 2a 9+0.1 18+0.2
2 2b 36+0.1 —
3 2c 6+0.2 —
4 2d 30+0.1 —
5 2e 9+0.1 —
6 2f 24+£0.2 —
7 29 30+0.1 —
8 2h 27+0.2 —
9 2i 39+0.2 —
10 2j 42+0.2 —
11 2k 27+0.1 —
12 2l 15+0.2 —
13 DMSO — —
Standard Penicillin 33 mm Gentamicin 18 mm
drugs

— indicates resistance of bacteria to compounds

Antibacterial study

The agar disk diffusion technique was used for
evaluation of the biological activity. In each test 5
mg of the synthesized naphtho[2,3-d]imidazole (2a-
I) were dissolved in 250 pl of DMSO and 100 ul of
the test compounds of known concentration were
introduced onto the disks (0.7 cm) and then allowed
to dry. The disk was completely saturated with the
test compounds. Then the disk was introduced onto
the upper layer of the medium with the bacteria.
100 pl of solvent (DMSO) were added to the blank
disk, which was used as a negative control on each
plate along with the standard drugs. The plates were
incubated overnight at 37°C. The inhibition zones
were measured and compared with the controls.
The results are given in Table 2.

2-(2-Nitrophenyl)-1-H-naphtho[2,3-d]imidazole
(2a)

IR (KBr): v= 3055 (CHaomatic), 1525, 1477 cm™
'HNMR (300 MHz, DMSO): &= 7.47-8.24 (m,
10H, CHaromatic), 13.51 (bs, 1H, NH). Anal. calcd.
for Ci7H13N3O,: C, 70.58; H, 3.83; N, 14.53%.
Found: C, 70.68; H, 3.56.; N, 14.45%.

2-(4-Nitrophenyl)-1-H-naphtho[2,3-d]imidazole
(2b)

IR (KBr): v= 3387 (NH), 3079 (CHaromatic), 1606
(C=N), 1518 cm™. "HNMR (300 MHz, DMSO): =
8.05-8.55 (m, 10H, CHaromatic), 13.34 (bs, 1H, NH).
Anal. calcd. for C7H1;1N,Os: C, 70.56; H, 3.83; N,
14.53%. Found: C, 70.44; H, 3.98; N, 14.61%.

2-p-Tolyl-1-H-naphtho[2,3-d]imidazole (2c)
IR (KBr): v= 3448 (NH), 3049 (CHaomatc), 1612
(C=N), 1491 cm™. "HNMR (300 MHz, DMSO): =
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7.39-8.20 (m, 10H, CHgromatic), 13.10 (bs, 1H, NH).
Anal. calcd. for C;gHi4N,: C, 83.69; H, 5.46; N,
10.84%. Found: C, 83.49; H, 5.59; N, 10.98%.

2-(3-Bromophenyl)-1-H-naphtho[2,3-d]imidazole
(2d)

IR (KBr): v= 3049 (CHgromatic), 1541 (C=N), 1471
cm™. 'THNMR (300 MHz, DMSO): 3= 7.30-8.53
(m, 10H, CHaomaic), 13.40 (bs, 1H, NH). Anal.
calcd. for C1;H11BrN,: C, 63.18; H, 3.43; N, 8.67%.
Found: C, 62.91; H, 3.25; N, 8.96%.

2-(4-Bromophenyl)-1-H-naphtho[2,3-d]imidazole
(2e)

IR (KBr): v= 3049 (CHaomaic), 1599 (C=N), 1483
cm™. *HNMR (300 MHz, DMSO): 6= 7.40-8.23
(m, 10H, CHaomaic), 13.20 (bs, 1H, NH). Anal.
calcd. for C1;H11BrN,: C, 63.18; H, 3.43; N, 8.67%.
Found: C, 63.01; H, 3.56; N, 8.77%.

2-(2-Chlorophenyl)-1-H-naphtho[2,3-
d]imidazole (2f)

IR (KBr): v= 3047 (CHaomaic), 1473 cm™. '"HNMR
(300 MHz, DMSO): &= 7.49-8.21 (m, 10H,
CHaromatic), 13.70 (bs, 1H, NH). Anal. calcd. for
C17H1:CIN,: C, 73.25; H, 3.98; N, 10.05%. Found:
C, 73.32; H, 4.10; N, 10.21%.

2-(3-Chlorophenyl)-1-H-naphtho[2,3-
d]imidazole (2g)

IR (KBr): v= 3474 (NH), 3049 (CHaomaic), 1543
(C=N), 1473 cm™. "HNMR (300 MHz, DMSO): =
7.45-8.41 (m, 10H, CHaomatic), 13.40 (bs, 1H, NH).
Anal. calcd. for C;7H;CIN,: C, 73.25; H, 3.98; N,
10.05%. Found: C, 73.41; H, 3.84; N, 10.12%.

2-(4-Chlorophenyl)-1-H-naphtho[2,3-
d]imidazole (2h)

IR (KBr): v= 3036 (CHaromatic), 1618 (C=N), 1483
cm™. 'THNMR (300 MHz, DMSO): 3= 7.40-8.32
(m, 10H, CHgomatic), 12.90 (bs, 1H, NH). Anal.
calcd. for Ci;H;;CINy: C, 73.25; H, 3.98; N,
10.05%. Found: C, 73.10; H, 4.23; N, 9.92%.

2-(4-Methoxyphenyl)-1-H-naphtho[2,3-
d]imidazole (2i)

IR (KBr): v= 3053 (CHammat.C) 2939 (CHaiiphatic ),
1608 (C=N), 1499, 1450 cm™. "HNMR (300 MHz,
DMSO): 6= 3.86 (s, 3H CH3) 7.16-8.29 (m, 10H,
CHaromatic), 13.00 (bs, 1H, NH). Anal. calcd. for
CigsHuN,O: C, 78.81; H, 5.14; N, 10.21%. Found:
C, 78.58; H, 5.21, N, 10.29%.

2-Phenyl-1-H-naphtho[2,3-d]imidazole (2j)

IR (KBr): v= 3300 (NH), 3047 (CHaomatic), 1545
(C=N), 1471 cm™. "HNMR (300 MHz, DMSO): 5=
7.46-8.35 (M, 11H, CHuomaic), 13.40 (bs, 1H, NH).
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Anal. calcd. for C;;HsN,: C, 83.58; H, 4.95; N,
11.47%. Found: C, 83.69; H, 5.09 N, 11.69%.

2-(2-Chloro-6-fluorophenyl)-1-H-naphtho[2,3-
d]imidazole (2k)

IR (KBr): v= 3148 (NH), 3051 (CHaromatic) 1525,
1475 cm™. *HNMR (300 MHz, DMSO): 8= 7.55-
8.28 (M, 9H, CHgomaic) 13.80 (bs, 1H, NH). Anal.
calcd. for Cy;Hyo CIFN,: C, 68.81; H, 3.40; N,
9.44%. Found: C, 68.56; H, 3.53, N, 9.62%.

4-Bromo-2-(1H-naphtho[2,3-d]imidazol-2-
yl)phenol (2I)

IR (KBr): v= 3284 (NH), 3045 (CHaromatic), 1606
(C=N), 1510, 1456 cm™. 'HNMR (300 MHz,
DMSO): 6= 6.81-8.41 (m, 9H, CHaromatic), 13.43 (bs,
1H, NH). Anal. calcd. for Cy;H;;BrN,O: C, 60.20;
H, 3.72; N, 8.26%. Found: C, 60.28; H, 3.55; N,
8.39%.

3. RESULTS AND DISCUSSION

During our recent research directed toward the
development of simple and practical procedures for
the synthesis of some condensed imidazoles,*®*
we have succeeded in preparing the naphtho[2,3-
d]imidazoles (2a-1), by condensation reaction of the
appropriate  aromatic  aldehyde  with  2,3-
diaminonaphthalene  in  the presence  of
Cu(NO,),.6H,O in good yields. No byproducts
were observed in this reaction (Scheme 1).

=0

Scheme 1

For the primary study and optimization of the
reaction conditions, we investigated the reaction of
equimolar amounts of p-nitrobenzaldehyde and 2,3-
diaminonaphthalene in the presence of copper
nitrate. After many examinations, we found that the
best conditions for this reaction were: 15 mol% of
catalyst at 50 °C using ethanol as a solvent. The
results are presented in Table 3.

To explore the validity of this procedure, we
extended our study using 15 mol% copper nitrate as
a catalyst at 50 °C with different aromatic
aldehydes to prepare a series of naphtho[2,3-
d]imidazoles.
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Table 3. Optimization of the reaction conditions of p-nitrobenzaldehyde with 2,3-diaminonaphthalene in the presence
of copper nitrate

CU(NOg)z.ﬁHzo

Temperature

Entry Solvent (moloG) Q) Time (min) Yield (%)*
1 CH:CN 15 50 40 74
2 DMF 15 50 40 62
3 DMSO 15 50 40 58
4 CH;0OH 15 50 40 67
5 C,HsOH 15 50 40 78
6 C,HsOH 5 50 70 65
7 C,HsOH 10 50 55 70
8 C,HsOH 20 50 40 77
9 C,Hs0OH - Reflux 45 <5

% solated yields

The results are summarized in Table 1. Various
aromatic aldehydes bearing electron-withdrawing
groups (such as nitro, halide) and electron-releasing
groups (such as methyl and methoxy) show almost
equal ability of product formation in reasonable
yields. Aliphatic aldehydes such as formaldehyde
or acetaldehyde were also examined under the same
conditions, but the corresponding products were
isolated in low vyields (< 5%). The procedure is
simple and more convenient than other reported
methods in the literature, which were carried out
under forced reaction conditions or using special
starting materials [12,13].

The structure of the synthesized compounds
was confirmed by IR and NMR spectral data. The
chemical shifts in the 'H NMR spectra of the
compounds were related to the substituted Ar
group. The Ar group with an electron donor
substituent (e. g. CH3z, OCHSs) produces a lower
shift. The '"H NMR spectra of (2a-h) display a
multiplet at 7.30-8.55 ppm and a broad singlet at
12.90-13.70 ppm attributed to the resonance of 10
aromatic protons and the NH group, respectively.
The 'H NMR spectra of (2k-I) are very similar to
those of (2a-h) and have a multiplet with
integration of 9 due to the resonance of 9 aromatic
protons. The broad singlet of the NH group
appeared at 13.40-13.80 ppm. The appearance of
one NH proton signal in the "H NMR spectra of 2a-
| in high field compared to the spectra of the
starting materials is a good support of the observed
reactions. This broad signal for compounds 2a and
2f appeared at a lower shift compared to that of
other ~compounds containing an electron
withdrawing group, probably due to the interaction
between the NH group and the Cl or NO; group at
the ortho position. The IR spectra of the compounds
revealed the presence of absorption bands in the
range from 3284 to 3448 cm™ for the NH group,

from 3036 to 3079 cm™ for C-H and from 1450 to
1518 cm™ for C=C aromatic stretching vibrations.
The antibacterial study (Table 2) shows that all
naphtho[2,3-d]imidazoles (2a-1) exert antibacterial
activity against Staphylococcus aureus as gram
positive and only compound 2a has antibacterial
activity against Escherichia coli as gram negative
bacteria. The maximum and minimum antibacterial
activities against Staphylococcus aureus were
related to compounds 2j and 2c, respectively. The
biological activity did not give a reasonable
relationship with the electronic effects of the
substituents and was comparable with that of
imidazole or benzimidazole derivatives [14,15].

6. CONCLUSIONS

In summary, we have developed a simple and
efficient methodology for the synthesis of various
biologically active naphtho[2,3-d]imidazoles in the
presence of copper nitrate as a catalyst without
using drastic conditions. In addition to the
efficiency and simplicity provided by this
procedure, ease of workup and short reaction time
make the method advantageous. Further
investigations ~ with  appropriate  structural
modifications of title compounds may improve
their biological activities.
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CUHTE3A HA HAKOU HADTO[2,3-d] UMHNJIA30JIU ITPU KATAJIU3ATOP OT MEJEH HUTPAT U
OLEHABAHE HA BUOJIOTUYHATA UM AKTUBHOCT

A. MoGuauxanemn 2, @. Jlenmkyp®, A. Xamra®, CM. lllapuarsane®
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(Pesrome)
Cunresupanu ca rpyma or Hadro[2,3-d] wmmumaszoau ¢ m00bp J0OUB upe3 peakiusTta Mexay 2,3-
quamuHoHadTameH u apomarHu amgexuad B mpuchetBue Ha CU(NOs),.6H,O karo karammsatop. CrenctBusi ot
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npoaykra. M3cneBana e aHTubakTepuanHata akTHBHOCT Bbpxy Staphylococcus aureus u Escherichia coli.
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Suppose G is a connected graph, e = uv is an edge of G, ny(e) is the number of edges lying closer to u than v and
ny(e) is defined analogously. The Padmakar—Ivan index of G is a graph invariant defined as the summation of [n, + n,]
over all edges of G. General formulas are given for the Padmakar—Ivan index of dendrimers.

Key words: Dendrimer, Pl index.
1. INTRODUCTION

A topological index or graph invariant for a
molecular graph G is a number reflecting certain
structural features of molecules that are obtained
from the molecular graph. Here, a molecular graph
is a labeled graph whose vertices correspond to the
atoms and the edges correspond to chemical bonds.
Suppose x and y are vertices of G. Then d(x,y)
denotes the length of the shortest path connecting x
and y. A topological index defined by the distance
function d(-,—) is called a distance—based
topological index. One of the oldest topological
index is the Wiener index, introduced by Harold
Wiener [1]. It is defined as the summation of
distances between all pairs of vertices in G.

Another molecular graph invariant, referred to
as the Pl index, and denoted by PI is put forward by
Padmakar V. Khadikar based on distances on edges
of the molecular graph under consideration. The PI
index is the first topological index considering the
distance between edges as those of vertices. It is
defined as PI(G) = X[ny(e) + ny,(e)], where ny(e) is
the number of edges of G lying closer to u than v,
n.(e) is the number of edges of G lying closer to v
than u and summation goes over all edges of G[2].

Many topological indices have been defined
and several of them have found applications as
means to model physical, chemical, pharmaceutical
and other properties of molecules. Khadikar and his
team [3-9] investigated the behavior of some
physico—chemical quantities under Pl index.
Diudea and his co—workers [10—17] considered the
problem of computing distance—based topological
indices of nanostructured materials.  After
proposing the Pl index, one of us (ARA) [18-28]
computed the PI index of some classes of

* To whom all correspondence should be sent:
e-mail: shabani@grad.kashanu.ac.ir

nanotubes, nanotori, nanocones and also of
dendrimers. The motivation of this study is taken
from the leading works of Diudea and his team on
the problem of computing Wiener index of
nanostructured materials. For the mathematical
properties of the Pl index we encourage the
interested readers to consult papers [29—-39] and
references therein for background material as well
as basic computational techniques.

3. MAIN RESULTS AND DISCUSSION

The dendrimer is part of a new group of
macromolecules that appear to be photon funnels
just like artificial antennas. This is built by a
starting atom, such as nitrogen, to which carbon
and other elements are added by a repeating series
of chemical reactions that produce a spherical
branching structure. In a divergent synthesis of a
dendrimer, one starts from the core and grows out
to the periphery. In each repeated step, a number of
monomers are added to the core or actual structure
in a radial manner, resulting in quasi concentric
shells, called generations. In a convergent
synthesis, the periphery is first built up and next the
branches (called dendrons) are connected to the
core. The stepwise growth of a dendrimer follows a
mathematical progression and its size is in the
nanometer scale.

In this section, we consider four classes of
dendrimers are shown in Figures 1-4. These
dendrimers are denoted by D,[k], D,[k], Ds[k] and
D4[K], where k > 1 is a positive integer denoting the
stepwise growth of the dendrimers. The set of edges
of these dendrimers is denoted by E(D;[K]), where i
=1, 2, 3, 4. To compute the PI index of these
dendrimers we apply the following theorem.
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Fig. 1. a) The Graph F; b) The Graph J.

Theorem. Let G be a graph constructed from
cycles of even lengths C;, C,, ... ,Cy joined by
paths P,, P,, ... ,Ps such that for every i = j, C; and
C; do not have a common vertex. Then the PI index
of G is computed as follows:

PI(G) = (2|V(P)|— j(ZIV(C)HZIV(P)I

OIS SITCEMOEE

Proof. Suppose G is a graph with exactly m edges.
If e = uv is a cut edge of G, then n,(e) + n,(e) =m —
1. On the other hand, suppose H is an arbitrary
graph, C is an even cycle, xe V(H),y € V(C) and F
is a graph constructed from H and C joined by an
edge xy, Figure 1(a). Then for each edge f = uv €
E(C), ny(e) + n,(e) = [V(C)| + |E(H)| - 1. Similarly,
if Hy, Ho, ..., Hyare arbitrary graphs, C is an even
cycle, X, X, ..., X are different vertices of C, y; €

H;, 1 <i<t, and J is the graph such that V(J) =
u V(Hy) and EQJ) =

V(C) U V(H1) U V(H,) U ...

E(C) U E(H:) U E(Hy) U ... U E(HY) L {Xuy1, XoY2,
., Xy} then ny(e) + n,(e) = [V(C)| + |[E(Hy)| +
|E(H,)| + ... + |[E(Hy)| - 1, Figure 1(b). Therefore,

PI(G) = (Z| ®)1-s|EVE)EvE-s-1)
1), (Eve[EversEve-s-2)

Coro)lary Suppose G is a connected graph
constructed from h hexagons such that hexagons do
not have a common edge. Then PI(G) = |E(G)]* -
[E(G)| -

In what follows, four classes of nanostars with
above conditions are presented. In each case the Pl
index of the dendrimer molecule is computed by
our main theorem.

Fig. 2. The bulky dendrimers D;[1] and D4[2].
[E(D4[k])| = 63 x 2 54; h(D4[k]) = 6 x 2* — 5; PI(D4[k]) = 3969 x 4“— 6903 x 2% + 3000.
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Fig. 3. The Dendrimers D,[1] and D,[2].
|E(DNS,[K])| = 26 x 2 — 14, h(DNS,[K]) = 2¢** — 1; PI(DNS,[K]) = 676 x 4“— 766 x 2* + 216.

Fig. 4. The dendrimers D3[1] and D5[2].

|E(DNS;[K])| = 72 x 2¥ — 60, h(DNS,[k]) = 6 x 2¥ — 5, PI(DNS,[k]) = 5184 x 4% — 8748 x 2 + 3690.
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Fig. 5. The dendrimers D4[1] and Dy4[2].

[E(DNS,[K])| = 144 x 2X— 127, h(DNS,[K]) = 20 x 2 — 18, PI(DNS,[K]) = 20736 x 4% — 36840 x 2
+16364
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ITPECMSATAHE HA UHAEKCA PADMAKAR-IVVAN 3A YHETHUPU KIIACA AEHAPUMEPU

A.P. Ampadu, X. [llabanu*

Jenapmamenm no Mmamemamuxa,cmamucmuxd u KOMIIOMbPHU HAYKU,
Yuueepcumem ¢ Kawan,Kawan 87317-51167, U.P. Upan

[Moctenmna Ha 15 HoemBpu, 2010 r.; mpuera Ha 26 amput, 2011 T.

(Pesrome)

IIpuema ce, ye G e cBbp3an rpad, € = uv e prda Ha G, ny(e) e Opos Ha ppOOBETE, PA3MONOKEHH MO-6JH30 10 U
OTKOJIKOTO V, a N(€) ce nedunmpa ananoruuno. Mumexcsr Padmakar—Ivan na G e unBapuant Ha rpada, aeduHupan
KaTo cymmpane Ha [N, + n,] mo Bcuuku prboBe Ha G. INoayuenun ca o6y Gopmynu Ha unaeBkcute Padmakar—Ivan 3a

JEHIIPUMEPH.
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Simultaneous adsorption of Basic Blue 3 (BB 3) and Basic Red 18 (BR 18) onto wheat straw (WS) from a
binary system was studied and compared with a single dye system in a batch mode. The single-component Langmuir
and Freundlich isotherm models were applied to the adsorption equilibrium data for single-component and binary-
component systems. The equilibrium adsorption for the binary system was also analyzed by using multi-component
modified Langmuir and Sheindorf-Rebuhn-Sheintuch (SRS) models. Equilibrium data of BB 3 in single and binary
systems fitted more adequately to the Freundlich adsorption isotherm. For BR 18, the Langmuir model was the best one
for fitting the adsorption equilibrium in single and binary systems. The pseudo-first order and pseudo-second order
models were employed to fit the experimental data for the adsorption kinetics of BB 3 and BR 18 on WS from single-
and binary-component systems. The pseudo-second-order model provided better correlation for the adsorption process
in single- and binary-component systems. Adsorption results from the binary system indicated the competitive
adsorption between dyes. The maximum adsorption capacities of WS for BB 3 and BR 18 dyes in single solution
system were found as 90.91 mg g™* and 142.86 mg g, respectively, while in binary mixture they decreased to 76.92 mg
gt and 111.11 mg g, respectively, as a result of their antagonistic behavior.

Key words: adsorption, basic dyes, binary mixture, wheat straw, equilibrium, kinetics.

remediate environmental contamination by dyes

1. INTRODUCTION

Agriculture is an important sector in the world
economy. However, wastes are generated as part of
the cycle of harvest, preparation of crops for use
and preparation of land for a subsequent crop.
Although some of the crop residues are reutilized,
the inadequate management of the remaining
residues has been identified as a source of
significant  environmental threats and has
contributed to serious disposal problems.

Agricultural ~ wastes,  particularly  those
containing cellulose, show potential sorption
capacity for wvarious pollutants. The basic
components of the agricultural waste materials
include cellulose, hemicellulose, lignin, lipids,
proteins, simple sugars, hydrocarbons, and starch,
containing a variety of functional groups.
Agricultural waste materials being economic and
eco-friendly due to their wunique chemical
composition, availability in abundance, renewable
nature and low cost are a viable option for water
and wastewater remediation.

There has been much interest in the use of
agricultural wastes as adsorbents to prevent and

* To whom all correspondence should be sent:
e-mail: bkk@uctm.edu

(Ahmad and Kumar [1]; Allen et al. [2]; Amin [3];
Annadurai et al. [4]; Arami et al. [5]; Franca et al.
[6]; Hameed et al. [7]; Ho and McKay [8]; Garg et
al. [9]; Gupta et al. [10]; Khattri and Singh [11];
Nasuha et al. [12]; Namasivayam and Kavitha
[13]; Senturk et al. [14]; Sulak et al. [15].

Much of the work on the adsorption of dyes by
various kinds of adsorbents has been focused on the
uptake of single dyes. Since industrial effluents
may contain several dyes, it is necessary to study
the simultaneous sorption of two or more dyes and
to quantify the interference of one dye with the
sorption of the other. Thus, the studies on the
equilibrium and Kinetics of dyes adsorption from
multi-component systems are very important. The
equilibrium  adsorption  isotherm  equations
proposed for single-component adsorption have
been extended and modified to represent the multi-
component adsorption equilibria. However, no
information is available in the literature for the
simultaneous removal of BB 3 and BR 18 by WS.

The aim of the present paper was: (i) to study
the feasibility of using the agricultural waste wheat
straw (WS) as an adsorbent for the individual and
simultaneous removal of BB 3 and BR 18 dyes
from aqueous solutions, (ii) to determine the
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applicability of  non-competitive  adsorption
isotherm models (i.e., Langmuir and Freundlich)
for single and binary component systems, (iii) to
examine the applicability of the multi-component
adsorption isotherm equations to the competitive
adsorption equilibria of the dyes in a binary system,
and (iv) to establish which kinetic model is most
suitable for describing the adsorption of BB 3 and
BR 18 on WS.

2 MATERIALS AND METHODS

2.1 Adsorbates

The dyes used as adsorbates were Basic Blue 3
(BB 3) and Basic Red 18 (BR 18), whose chemical
structures and general characteristics are depicted
in Fig. 1 and Table 1, respectively. Experimental
solutions of desired dye concentration were
obtained by dissolving accurately weighed
guantities in distilled water. For binary mixture
studies, desired combinations of BB 3 and BR 18
were prepared by mixing them in the test medium
before adding the adsorbent.

N
AN
/@ Ij\\d
Hoe” N 0 N

HaC CHs
(@)

cr
CH,
H3C ;

Q @ \cn,

Fig.1. Chemical structures of (a) BB 3 and (b) BR 18.
2.2 Adsorbent

Wheat straw (WS) used in this study as an
adsorbent was harvested from Egyptian fields. WS
was used as received without grinding or further
treatment. The following chemical characteristics
of WS: ash content, cellulose, hemicellulose, lignin
and organic extractives were analyzed by TAPPI
standard methods (Kouris [16]). The chemical
composition of WS presented in Table 2 indicates
that WS is composed mainly of cellulose,
hemicellulose and lignin, which provides binding
sites for the dyes due to the presence of functional
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groups such as hydroxyl,
phenolic, etc.

carboxyl, methoxy,

Table 1. General characteristics of BB 3 and BR 18.

- Dye
Characteristics BB 3 BR 18
C.l. name Basic Blue 3 Basic Red 18
Chemical class Monoxazine Mono-azo
MW (g mol'l) 359.89 390.89
Amax (NM) 610 488
Table 2. Chemical composition of WS
Constituents %
o-Cellulose 56.2
Hemicellulose 16
Lignin 23
Extractives 3.2
Ash 1.6
Moisture 9.81

2.3 Isotherms of single and binary dye systems

The sorption studies were conducted by the
batch technique. A number of stoppered 100 cm®
Erlenmeyer flasks containing a definite volume (50
cm®) of solutions with a desired concentration of
each component were placed in a shaker at 20 °C.

For isotherm studies, 0.5 g of WS was treated
with 50 cm® of a solution of a single or binary dye
mixture  with  pre-determined initial  dye
concentrations (100-700 mg dm®). The flasks were
shaken at 150 rpm for 2 days to ensure that
equilibrium was reached. The supernatant solution
was separated from the adsorbent by filtration using
a syringe 0.2 pum filter unit (Minisart) and then the
equilibrium concentrations of the dyes were
measured on the spectrophotometer (Spekol 11,
Carl Zeiss JENA). For the binary systems, all
solutions were prepared with equimolar solutions of
the two basic dyes.

The amount of dye adsorbed at the
equilibrium (e, mg g™*) was calculated according to
the expression:

(C,—C)V

Q= —— (1)

where Cy and C, are the initial and equilibrium dye
concentrations (mg dm™), respectively, V is the
solution volume (dm?®), and m is the mass of WS

(9)-

2.4 Kinetics of single and binary dye systems

The kinetics of BB 3 and BR 18 adsorption
in single and binary adsorption systems onto FS
and WS were studied at 20 °C. Experiments were
carried out in a standard agitated reactor
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experimental setup (a 2 dm® glass beaker) with a
two-blade impeller to stir the dye solution using a
Heidolph RZR 2100 motor.

In all adsorption experiments, a pre-selected
amount of adsorbent (17 g) was dispersed in 1.7
dm? of dye solution of 400 mg dm™ concentration
(in single and binary systems) while being
constantly stirred by a mechanical stirrer at a speed
of 60 rpm. Samples (3-5 cm®) were withdrawn from
the mixture at regular time intervals (from 1 min up
to 540 min) using a syringe, immediately filtered
using a syringe filter unit (0.2 um) and analyzed
spectrophotometrically.

2.5 Analysis of dye concentration

2.5.1 Analysis in single-component systems.
The concentrations of dyes in single-component
systems were measured spectrophotometrically
prior to (initial concentration) and following the
adsorption test (residual concentration) by
monitoring the absorbance changes at the
wavelengths of maximum absorbance (Amgy) OF 610
and 488 nm for BB 3 and BR 18, respectively,
using standard calibration curves.

2.5.2 Analysis in binary-component systems.
Suppose that there is no interaction between the
two dyes in binary-component systems, the total
absorbance for a mixed dye solution is equal to the
sum of the absorbances of each dye (Skoog et al.
[17]). This is represented in Eq. (2).

To determine whether the presence of one
dye affected the adsorption of another dye, the
adsorption capacities of each dye in mixed
solutions are computed using Egs. (3) and (4).

Ay = Agg T Agg (2)
Ay = 8455 105 + 8452 1Cae (3)
A = gg[Cog + 8152105z (4)

where: A, Ay, and A,, are the absorbances at
wavelengths A, A; and A,, respectively; Agg and Agr
are the absorbances of BB 3 and BR 18 at a
wavelength A, respectively; €1p5 and &g are the
molar absorptivities of pure BB 3 at wavelengths A,
and ), respectively; e;gr and e,gr are the molar
absorptivities of pure BR 18 at wavelengths A; and
Az, respectively; Cgg and Cgr are the concentrations
of BB 3 and BR 18 in the mixed solutions; | is the
cell width (1 cm); A, (610 nm) is the wavelength of
maximum absorbance for BB 3; and A, (488 nm) is
the wavelength of maximum absorbance for BR 18.
The concentrations Cgg and Cgg are determined

from Egs. (3) and (4) and then used to obtain the
adsorption capacity for each dye in the mixed
solutions.

3. ADSORPTION ISOTHERM MODELS
3.1 Single-component models

Isotherm models such as Langmuir [18] and
Freundlich [19] were often used to fit the data with
a view to understand the adsorption process and to
obtain the information needed for scaling up to a
larger system.

3.1.1 Langmuir isotherm. The Langmuir model
assumes monolayer coverage of adsorbate on an
energetically identical homogeneous adsorbent
surface. The Langmuir equation and its linearized
form may be written as:

— q"’bCE 5
Y (5)
c, 1 ¢ ©
9:  Imb G

where: g is the dye uptake at equilibrium (mg g™),
Ce is the concentration of the solution at
equilibrium (mg dm™), while b (dm*® g™*) and gy
(mg g™) are related to the affinity and maximum
sorption capacity, respectively.

3.1.2 Freundlich isotherm. The Freundlich
isotherm is derived by assuming a heterogeneous
surface with a non-uniform distribution of heat of
adsorption over the surface.

The Freundlich adsorption isotherm equation
and its linear form can be written as follows:

4 = K:C." ()

logg, = logK; + 1/, logC, (8)
where: Kg is the Freundlich constant representing
the adsorption capacity (dm? g™, and n is the
Freundlich exponent depicting the adsorption
intensity.

3.2 Multi-component models

When several components are present, there is
interference and competition between the different
components for the adsorption sites. The isotherm
models for a single-component system are thus
inapplicable. A multi-component system requires a
more complex mathematical isotherm model.

3.2.1 Modified Langmuir model. The modified
Langmuir model assumes that all adsorbate ions or
molecules compete for energetically identical
adsorption sites and it can be written for N
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components in the mixture as follows (McKay and
Al Duri [20]):

GOm0 G

Qe 1+ E;:i -J.’J'J,-CJ,- (9)
where: C; and C; are the concentrations of the
adsorbates i and j remaining in liquid at equilibrium
(mg dm?®), q.; is the equilibrium uptake of the
adsorbate i in the multi-component system (mg g™).
bi and b; are the Langmuir adsorption constants of
the adsorbates (dm® g™) and q; is the Langmuir
adsorption capacity of the adsorbate i (mg g™*) that
can be estimated from the fitting of the
experimental data by the corresponding individual
Langmuir isotherm equation.

For a binary system, the modified Langmuir
isotherms can be written as:

Q1 b1Cy
qe.‘l = ] 7 E]'D)
1+b,C + b0,
Qmabs G
qs.f = P ] [ll)
1+b,C + b0,

where: the subscripts 1, 2 represent the two solutes
(BB 3 and BR 18) in the binary system used in the
present study.

3.2.2 Sheindorf-Rebuhn-Sheintuch  (SRS)
model. Sheindorf et al. [21] derived a Freundlich-
type multi-component adsorption isotherm, the
Sheindorf-Rebuhn-Sheintuch (SRS) equation, to
represent experimental data. The assumptions
incorporated in the derivation are: (i) each
component individually obeys the Freundlich
isotherm; and (ii) for each component in a multi-
component adsorption system, there exists an
exponential distribution of site adsorption energies.

The general SRS equation for a component i in
an N-component system is given as:

9 = &G (Z ﬂ:‘,fcj]ni_ (12)

S s

where: g; is the adsorption capacity of component i
(mg g); Ci and C; are the concentrations of i and j
in the equilibrium solution (mg dm™); K; (dm® g™)
and n; are the Freundlich constants obtained for i in
a single-component system; and a; is the
competition coefficient for the adsorption of
component i in the presence of component j.
The bicomponent isotherm can be written as:

e S (13)

and

C, B,
C_.l = C__l_ faq [l‘lj
with

g = (BG) (15)
and

g, = (B2)T (16)

- Lo@e A
If both concentrations vary during the
experiment, then plotting C,/C, vs £,/C, yields a
straight line of unity slope and the competition
coefficient could be determined from the intercept.

4. ADSORPTION KINETICS MODELS

The applicability of the pseudo-first-order
kinetics (Lagergen [22]) and the pseudo-second
order kinetics (Ho&McKay [23]) was tested for the
adsorption kinetics of BB 3 and BR 18 on WS from
single- and binary-component systems.

4.1 The Pseudo-first order kinetic model

Assuming pseudo-first order kinetics, the rate
of the adsorptive interactions can be evaluated
using the simple Lagergren equation:
dg,
= = kila.—q.) (17)

Integrating Eq. (17) for the boundary
conditions, t=0tot=tand g =0 to g, = q,, the
linear form of the equation becomes:

In(q, —q.) = Inq, — k4t (18)

where: g. and g, are the values of amount adsorbed
per unit mass at equilibrium and at any time ft,
respectively, and k; is the pseudo-first order rate
constant (min™).

The values of k; and calculated equilibrium
adsorption capacity, g., can be obtained from the
slope and intercept, respectively, of the linear plot
of In(ge—q) versus t.

4.2 The Pseudo-second order kinetic model

If the rate of adsorption follows a second order
mechanism, the pseudo-second order Kinetic rate
equation is expressed as:
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dar _
“t=kya. - q.)
where: k, is the second order rate constant (g mg ™
min™?).

For the boundary conditions, t=0tot=tand
g = 0 to g; = qy, the integrated linear form of the

equation is written as:

(19)

t 1 1 Jf 20)
q. qug Q.

The plot of t /g, versus t gives a linear
relationship, which allows computation of k, and
predicted (.

5. RESULTS AND DISCUSSION

5.1 Adsorption of dyes in single and binary
systems

Single-component models of Langmuir and
Freundlich were each applied to adsorption data
from single and binary systems. In adsorption in
binary solutions, these models were applied to each
dye neglecting the possible interference by the
other dye. The possible reduction in dye adsorption
capacity onto WS in binary mixtures was evaluated
by comparing the maximum adsorption capacity
from single dye solutions to that of binary dye
solutions for each particular dye. Such comparisons
should only be made if the initial conditions are
identical in single and binary dye solution systems.
As illustrated in section 2.3, the adsorption
isotherms data in this study were determined under
identical experimental conditions.

It should be noted that equilibrium adsorption
for a binary system was also analyzed by using
multi-component  modified  Langmuir  and
Sheindorf-Rebuhn-Sheintuch (SRS) models which
describe competitive adsorption. Moreover, single-
component models have been used to simulate
competitive adsorption systems (Allen and Brown
[24]; Allen et al. [25]; Martin and Al-Bahrani [26]).

The results of fitting Egs. (6) and (8) to the
adsorption data of single and binary systems are
presented in Table 3.

Table 3 shows the maximum adsorption
capacity (qg.,) of WS for basic dyes from single and
binary solutions. The maximum adsorption
capacities of WS for BB 3 and BR 18 dyes in a
single solution system were found as 90.91 mg g™
and 142.86 mg g™, respectively, while in a binary
mixture they decreased to 76.92 mg g™* and

Table 3. Parameters of Langmuir and Freundlich
isotherms for single (S) and binary (B) systems for WS.

System Langmuir Freundlich
dn(Mg g?) b(dm>g™") Ke(dm’g?) n
BB 3 (S) 90.91 0.054 7.89 0.579
BB 3 (B) 76.92 0.115 11.75 0.482
BR 18 (S) 142.86 0.010 2.01 0.816
BR18 (B) 111.11 0.038 5.71 0.700

111.11 mg g*, respectively, as a result of their
competitive behavior. Although the maximum
adsorption capacities of WS for BB 3 and BR 18
dyes decreased in binary mixture, simultaneous
removal of these dyes is still possible owing to the
high adsorption capacities obtained in the binary
system.

In the application of adsorption for purification
of wastewater the solution will normally be a
mixture of many compounds rather than a single
one. The interactions of these compounds may
mutually enhance or mutually inhibit adsorption
capacity (Ho and McKay [27]). In general, a
mixture of different adsorbates may exhibit three
possible types of behavior: synergism, antagonism
and non-interaction (Srivastava et al. [28]). In this
study, the binary solution exhibited inhibitory
(antagonistic) adsorption for each dye, thereby
resulting in a lower qp,.

Generally, the adsorption capacities of each
individual dye proportionally decrease in the
presence of another solute. This can be attributed
mainly to the competitive interaction between the
dyes on the solid surface. Other factors may include
the electrical repulsion of a dye from the adsorbent
surface by the other adsorbed dye of similar charge.
In addition, the dye with the higher saturation value
may effectively occupy most of the active sites
hindering further adsorption of the other dye
possessing a lower affinity (Porter [29]).

Allen et al. [25] considered the competitive
adsorption of three basic dyes. Their results showed
that the adsorption capacity of an individual dye
decreased in the presence of a second or a third dye.
They reported that reduced capacities could be
attributed to a combination of a number of factors.
These include: (i) interaction between dyes in
solution; (ii) change in the adsorbent surface charge
due to adsorption; (iii) competitive adsorption
between dyes for active sites on the adsorbent
surface where displacement effects replace the
other dyes from the adsorption sites.
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5.2 Fitting adsorption data to adsorption
models

The  single-component  Langmuir  and
Freundlich isotherm models were applied to the
adsorption equilibrium data for a single-component
and a binary mixture. Equilibrium adsorption for
the binary system was also analyzed by using
multi-component  modified  Langmuir  and
Sheindorf-Rebuhn-Sheintuch (SRS) models.

The sum of the squares of the errors (SSE)
function was used to test the adequacy and
accuracy of the fit of the four isotherm models with
the experimental data:

S5E= Z [:QE.GGJ - G.E.E.x'j_l):- :::2]-:'
=

where: the subscripts ‘exp’ and ‘cal’ indicate
the experimental and calculated values, respectively
and N is the number of measurements.

The best fitting model is determined on the
basis of the lowest SSE values. Table 4 summarizes
the values of SSE for single-component and multi-
component isotherms models. Equilibrium data of
BB 3 in single and binary systems fitted more
adequately to the Freundlich adsorption isotherm.
For BR 18, Langmuir model was the best one for
fitting the adsorption equilibrium in single and
binary systems.

Table 4. SSE values for single-component and multi-component isotherms models for WS.

System Langmuir Freundlich EAOd'f'e.d SRS
angmuir model
BB3 (S) 296.07 219.35
BB 3 (B) 187.47 97.23 642.11 6E+13
BR 18 (S) 184.12 450.02
BR 18 (B) 76.67 169.54 4109.35 4.6E+11

Table 5. Kinetic parameters for the adsorption of BB 3 and BR 18 on WS in single and binary systems.

Pseudo-first order kinetic model

Pseudo-Second order kinetic model

Dyes Adsorption Je, EXP. e, cal. I_<l R? Qe, cal. K; R?
system (mgg") (mggh)  (min?) (mgg")  (gmg*
min™)
BB 3 BB 3-S 39.33 7.34 0.012 0.961 40 0.009 0.999
BB 3-B 38.07 12.9 0.010 0.961 38.46 0.004 0.999
BR 18 BR 18-S 40.66 6.64 0.016 0.881 41.67 0.014 1
BR 18-B 39.02 8.46 0.008 0.925 40 0.005 0.999

5.3 Kinetics modeling

The study of adsorption Kinetics in wastewater
treatment is important since it provides valuable
insights into reaction pathways and mechanism of
adsorption process.

Figs. 2 and 3 show the effect of the contact time
on the amounts of dyes adsorbed in single and
binary dye systems for BB 3 and BR 18,
respectively. As contact time increases, dye uptake
initially increases and then becomes almost stable,
denoting attainment of equilibrium. These changes
in dye uptake may be due to the fact that, initially,
all adsorbent sites were vacant and the solute
concentration was high. After that period, only a
very low increase in the dye uptake was observed
because there are few free surface active sites on
WS.

As can also be seen from the figures, the
adsorption capacities decreased for both dyes after
adsorption in binary systems, indicating their
competitive behavior. The pseudo-first order and
pseudo-second order models were employed to fit
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the experimental data for the adsorption kinetics of
BB 3 and BR 18 on WS from single- and binary-
component systems.

Plots of pseudo-first order and pseudo-second
order models are demonstrated in Figs. 4 and 5,
respectively. Modeling of kinetics models and
parameters obtained from the pseudo-first-order
and pseudo-second-order models are given in Table

5. It can be seen that the correlation coefficients,
45

—4—BB 3 (Single)
—=—BB 3 (Binary)

360 600

t (min)

Fig. 2. Effect of contact time on the amounts of BB 3
adsorbed on WS in single and binary systems.
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R?, of the pseudo-second order model are close to 1
while correlation coefficients for the pseudo-first
order kinetics model range from 0.881 to 0.961.

R
()
[
E
W
o
‘ ——— BR 18 (Single)
20 -
—— BR 18 (Binary)
15 -
0 120 240 360 480 600
t (min)

Fig. 3. Effect of contact time on the amounts of BR 18
adsorbed on WS in single and binary systems.

4 1
o ] © BB 3 (Single)
7 & O BB 3 (Binary)
A BR18 (Single)
< BR18 (Binzry)

1

0 600

y=-0.012x+ 1,994
-4 - R2=0.961(BB3-S)

y=-0.010x+ 2,557
-6 1 R=0,961(pE3-B)

Fig.4 Pseudo-first order kinetics for adsorption of BB 3
and BR 18 on WS in single and binary systems.

16 4
| ¥=0.025x+0.068 y=0.026x+0.163
14 4 R*=0.999(BB3-S) R?=0.999(BB3-B) ¥

- |
(%1 12 y=0.024x+0.032
£ 10 | R=1(BR18S)
0 | y=0.025x+0.118
c 8 Y0 : 3 (Sins
= |R*=0.999 (BR 18-B)_, 52 B3 3ngte]
— 6 = O BEB32(Binary)
o o
- & A BR18 (Single)
-~ |
27 > BR18 (Binary)
0
0 120 240 360 480 600
t (min)

Fig.5. Pseudo-second order kinetics for adsorption of BB
3 and BR 18 on WS in single and binary systems.

Adsorption capacities calculated (qe, cal.) by the
pseudo-second order were also close to those
obtained from experiments (g, exp.). Hence, the

pseudo-second-order  model  provides  better
correlation for the adsorption process of BB 3 and
BR 18 on WS in single- and binary component
systems.

6. CONCLUSIONS

The agricultural waste, wheat straw, displayed a
high adsorption capacity for basic dyes (BB 3 and
BR 18) from single and binary solutions. It was
found that the maximum adsorption capacities
decreased in a binary system as compared to single
dye systems.

Although the maximum adsorption capacities
of WS for BB 3 and BR 18 dyes decreased in a
binary mixture, simultaneous removal of these dyes
is still possible due to the high adsorption capacities
obtained in the binary system (76.92 mg g™ and
111.11 mg g™ for BB 3 and BR 18, respectively).
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JIBYKOMIIOHEHTHA AICOPBLMA HA OCHOBHU BAI'PUJIA BBPXY INTIIEHUYEHA CIIAMA

T.D. Xacaneiin, b. Kymanosa

Kameopa Unocenepra xumust, XuMuxomexnoio2uien u Memaiypeuier yhusepcumen,
oyn. ,, Knumenm Oxpuocku” 8, Coghus 1756

Kameopa no xumus, @axynmem 3a nayxka 6 ynugepcumema na XeuyaH,
11795 Xenyan, Ecunem

Honyuena na 11 mapm 2011 2., npuema na 19 anpun 2011
(Pestome)

W3cnenpana e enHoBpeMeHHaTa aacopOuus Ha ocHOBHO cHHBO 3 (BB 3) u ocHoBHO uepBeHo 18 (BR
18) BBpxy mmeHndeHa ciama (WS) U € cpaBHEHa C €QHOKOMIIOHEHTHHTE UM cucTeMH. llpunoxenu ca
Mojnenute Ha Jlanrmionp n OpoHHANKMX 3a ONMUCAHUE HAa PAaBHOBECHMETO HA €IHO- U JABYKOMIIOHEHTHHTE
cUCTeMHU. AICOPOIIMOHHOTO paBHOBECHE Ha ABYKOMIIOHEHTHATA CUCTEMA € aHAIM3UPAHO Ype3 U3IMOJI3BaHETO
Ha MOJU(HUIMPAHUS 32 MHOTOKOMIIOHEHTHH CHCTeMH Mojen Ha Jlanrmioup u to3u Ha Sheindorf-Rebuhn-
Sheintuch. PaBHoBecHuTe nannu 3a BB 3 B MOHO- W JBYKOMIIOHEHTHa CHCTEMH C€ OMNKCBAa aJEKBATHO C
ajcopOImonHaTa n3otepma Ha ®OpoitHanux. 3a BR 18 moaensT Ha JIaHrMIOMp € MO-TTOXO/AIL 332 MOHO- U
JBYKOMIIOHEHTHa cMec. 3a onrcaHue Ha ajicopOuroHHara kuHetika Ha BB 3 u BR 18 Bepxy WS 3a MmoHo- 1
JIBYKOMITOHEHTHU CHUCTEMH Ca U3IOJI3BAHU MOJICIINTE OT IICEBI0-TIBPBH U TICEBAO-BTOPH mopsiabK. [1o-106pa
KOpealus IpeAoCTaBs MOJIEIBT OT IICEBI0-BTOPH MOPAIBK. Pe3ynraTure nmpu JByKOMIIOHEHTHATa CUCTEMa
MoKa3BaT KOHKypHpallla ce aacopOuus Ha Oarpuiata. MakcuMallHUTE aJIcCOpPOIIMOHHY KananuTeTd Ha WS 3a
¢IHOKOMIIOHEHTHH crctemu Ha BB 3 u BR 18 ca cworBerso 90.91 mg g u 142.86 mg g~, mokaro 3a
JBYKOMIIOHCHTHHTE CMECH T€ HaMmalsiBaT ChOTBETHO 10 76.92 mg g'l u 111.11 mg g'l B pe3yJaTar Ha
AHTarOHMCTUYHOTO MOBE/ICHNE Ha Oarpuiara.
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In this work a progesterone-alkyne derivative was synthesized. The first stage involves preparation of a progesterone-
ethylenediamine derivative (2) by the reaction of progesterone with ethylenediamine using Mannich reaction. The second stage
involves the formation of ethylenediamine-progesterone oxime (4) by the reaction of 2 with hydroxylamine hydrochloride (Method
A). Additionally, 4 was also synthesized by the reaction of pregn-4-ene-3E,20E-dioxime (3) with ethylenediamine using Mannich
reaction (method B). Finally, the route for synthesis of progesterone-alkyne derivative (5) was followed using a three-component
system (compound 4, benzaldehyde and 1-hexyne) in the presence of anhydrous cupric chloride.

Key words: Progesterone, oxime, three-component system.

1. INTRODUCTION

There are several reports of multi-
component reactions for the synthesis of several
compounds [1-3]; for example, some studies [4]
described the preparation of propargylamines using
a three-component system (aldehyde, amine, and
alkyne) in water or copper iodide [5] as catalyst. In
other studies an enantioselective, copper(l)-
catalyzed three-component reaction is used for the
preparation of propargylamines [6]. In ref. [7] the
diastereoselective synthesis of a-0xyamines using a
three-component system (a-Oxyaldehyde, amine
and alkyne) in presence of gold, silver and copper
in water is used. In other studies [8] the synthesis of
tertiary propargylamine using a three-component
system which involves aldehyde, alkyne and 4-
piperidone hydrochloride in presence of cupric
bromide is developed. In the report of Yadav and
coworkers [9] the synthesis of propargylamines by
reaction of aldehydes, amines and alkyne
derivatives using copper (I) bromide as catalyst in
ionic  liquids is  described. Recently a
carbamazepine-alkyne derivative was synthesized
using a three-component system (carbamazepine,
benzaldehyde and 1-hexyne) in presence of cupric
chloride as catalyst [10]. All these studies report the
synthesis of several compounds using a three-
component system; nevertheless, various protocols
and special conditions are required for its

* To whom all correspondence should be sent:
e-mail: lauro_1999@yahoo.com

development. In this study, our initial design
included a facile synthesis of a new steroid-alkyne
derivative; the route involves preparation of
progesterone-alkyne derivative using a three-
component  system such as  4-[(2-amino-
ethylamino)-methyl]-pregnen-4-en-3E,20E-
dioxime, benzaldehyde and 1-alkyne in the
presence of cupric chloride as catalyst.

2 EXPERIMENTAL

General methods

Pregn-4-ene-3E,20E-dioxime was prepared
according to a previously reported method [11].
Progesterone and the other compounds used in this
study were purchased from Sigma-Aldrich Co., Ltd.
The melting points of the compounds were
determined on an Electrothermal (900 model)
apparatus. Infrared (IR) spectra were recorded in
KBr pellets on a Perkin Elmer Lambda 40
spectrometer. 'H and *C NMR spectra were
recorded on a Varian VXR-300/5 FT NMR
spectrometer at 300 and 75.4 MHz in DMSO-ds
using TMS as internal standard. EIMS spectra were
obtained on a Finnigan Trace GCPolaris Q.
spectrometer. Elemental analysis data were
acquired from a Perkin Elmer Ser. II CHNS/0 2400
elemental analyzer.
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4-[(2-Amino-ethylamino)-methyl]-17-(1-
hydroxyimino-ethyl)-10,13-dimethyl-1,2,6,7,8,
9,10,11,12,13,14,15,16,17-tetradecahydro-cyclo-
penta[a]phenanthren-3-one oxime (2).

A solution of pregn-4-en-3,20-dione (100 mg,
0.32 mmol), ethylenediamine (35 pL, 0.52 mmol),
and methanol (3 mL) in formaldehyde (10 mL) was
gently refluxed for 24 h and then cooled to room
temperature. The reaction mixture was evaporated
to a smaller volume, diluted with water and
extracted with chloroform. The organic phase was
evaporated to dryness under reduced pressure; the
residue was purified by crystallization from
methanol:water (4:1) yielding 75 % of product,
m.p. 92-94°C; IR (Vimax, cM™): 3384, 3354, 1716;
'HNMR (300 HMz, DMSO-dg) 8: 0.65 (s, 3H),
0.89-0.98 (m, 2H), 1.08 (s, 3H), 1.17-1.44 (m, 3H),
1.46-1.64 (m, 4H), 1.67-1.78 (m, 3H), 2.03-2.11
(m, 4H), 2.14 (s, 3H), 2.18 (m, 1H), 2.52 (broad ,
3H), 2.54-2.60 (m, 3H), 2.66 (t, 2H, J = 6 Hz),
2.82 (t, 2H, J = 6 Hz), 3.36 (M, 2H) ppm. *C NMR
(74.5 MHz, DMSO-dg) dc: 13.26 (C-18), 17.20 (C-
27), 20.78 (C-5), 23.30 (C-11), 23.80 (C-9), 26.64
(C-8), 29.90 (C-28), 30.97 (C-10), 34.88 (C-3),
35.02 (C-15), 35.58 (C-16), 38.10 (C-6), 38.88 (C-
17), 41.17 (C-24), 43.80 (C-1), 44.60 (C-21), 52.10
(C-23), 56.12 (C-2), 57.64 (C-4), 63.40 (C-7),
132.70 (C-13), 159.44 (C-12), 196.76 (C-14),
206.60 (C-19) ppm. MS (70 ev): m/z 386.20 [M™];
Anal. calcd. for C,4H3sN,O,: C, 74.57; H, 9.91; N,
7.25; 0, 8.28. Found: C, 74.50; H, 9.90.

4-[(2-Amino-ethylamino)-methyl]-17-(1-
hydroxyimino-ethyl)-10,13-dimethyl-1,2,6,7,8,
9,10,11,12,13,14,15,16,17-tetradecahydro-cyclo-
penta[a]phenanthren-3-one oxime (4).

Method A. A solution of 2 (100 mg, 0.29
mmol), ethylenediamine (35 pL, 0.52 mmol) and
ethanol (3 mL) in formaldehyde (10 mL) was
gently refluxed for 24 h and then cooled to room
temperature. The reaction mixture was evaporated
to a smaller volume, diluted with water and
extracted with chloroform. The organic phase was
evaporated to dryness under reduced pressure; the
residue was purified by crystallization from
methanol:water (3:1) yielding 60 % of product,
m.p. 118-120 °C; IR (Vi cm™): 3380, 3352,
3300;'"HNMR (300 HMz, DMSO-dg) 8y 0.87 (s,
3H), 0.89-0.98 (m, 2H), 1.01 (s, 3H), 1.23-1.44 (m,
3H), 1.46-1.64 (m, 3H), 1.67-1.69 (m, 2H), 1.74 (s,
3H), 1.78-2.16 (m, 6H), 2.28-2.45 (m, 2H), 2.62
(m, 1H), 2.68 (t, 2H, J = 6 Hz), 2.82 (t, 2H, J =6
Hz), 2.83 (m, 1H), 3.50 (s, 2H), 4.40 (broad, 5H)
ppm. ®CNMR (74.5 MHz, DMSO-dg) &¢: 12.70
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(C-30), 13.25 (C-18), 19.25 (C-29), 21.17 (C-5),
21.31(C-15), 22.53 (C-11), 25.84 (C-9), 26.64 (C-
8), 30.81 (C-16), 30.97 (C-10), 34.88 (C-3), 37.88
(C-17), 37.95 (C-6), 41.17 (C-25), 44.06 (C-22),
44.89 (C-1), 52.10 (C-24), 54.91 (C-4), 56.70 (C-
2), 57.14 (C-7), 137.70 (C-13), 152.06 (C-12),
156.76 (C-14), 161.12 (C-19) ppm. MS (70 ev):
m/z 416.40 [M*]; Anal. calcd. for CyHyN,O,: C,
69.19; H, 9.68; N, 13.45; 0, 7.68. Found: C, 69.15;
H, 9.71.

Method B. A solution of 2 (100 mg, 0.26
mmol), hydroxylamine hydrochloride (54 mg, 0.77
mmol) and sodium hydroxide (5%) in 10 mL of
ethanol was refluxed for 24 h. The reaction mixture
was evaporated to a smaller volume. The residue
was dissolved in 10 mL of distilled water. The
solution was adjusted to pH 2 with conc.
hydrochloric acid and extracted with 20 mL of
ethyl acetate: chloroform (2:1). The organic
solution was dried with Na,SO, and the solvent was
evaporated under reduced pressure. The residue
was extracted with chloroform and
chromatographed on a silica gel column (10 x 75
mm). The product was purified by crystallization
from methanol:water yielding 25 % of product. The
'H NMR and *C NMR data were similar to those
of the product obtained by Method A.

4-{[2-(Hex-1-ynil-phenyl-amino)-
ethylamino]-methyl}-17-(1-hydro-xyimino-
ethyl)-10,13-dimethyl-
1,2,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-cipenta[a]phenan-thren-3one
oxime (5).

A solution of 4 (100 mg, 0.29 mmol),
benzaldehyde (60 pL, 0.59 mmol) 1-hexyne (50
uL, 0.43 mmol) and ethanol (10 mL) was stirred for
10 min at room temperature. Then anhydrous
cupric chloride (113 mg, 0.84 mmol) was added
and the mixture was stirred for 48 h at room
temperature. The reaction mixture was evaporated
to a smaller volume, diluted with water and
extracted with chloroform. The organic phase was
evaporated to dryness under reduced pressure; the
residue was purified by crystallization from
methanol:water (3:1) yielding 70 % of product,
m.p. 162-164 °C; IR (Vmax, cm™) 3350, 3304 2140
cm™: 'THNMR (300 HMz, DMSO-dg) 8, 0.87 (s,
3H), 0.89 (m, 1H), 0.91 (t, 3H, J = 7.0 Hz), 0.94
(m, 1H),1.05 (s, 3H), 1.20-1.40 (m, 3H), 1.44-1.48
(m, 4H), 1.49-1.70 (m, 5H), 1.74 (s, 3H), 1.78-2.28
(m, 7H), 2.35 (m, 2H), 2.42-2.85 (m, 3H), 2.94 (t,
2H,J =7.0 Hz), 3.19 (t, 2H, J=7.0 Hz), 3.50 (s,
2H), 6.08 (broad, 3H), 6.58-7.16 (m, 5H) ppm.
BCNMR (74.5 MHz, DMSO-dg) 8¢: 12.71 (C-36),
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13.24 (C-18), 15.63 (C-42), 16.95 (C-39), 19.55
(C-35), 21.17 (C-5), 21.31 (C-15), 21.98 (C-41),
2251 (C-11), 25.84 (C-5), 26.62 (C-8), 30.67 (C-
16), 30.96 (C-10), 32.01 (C-40), 34.88 (C-3), 37.68
(C-17), 37.95 (C-6), 44.06 (C-22), 44.89 (C-1),
49.18 (C-24), 52.73 (C-4), 54.91 (C-2), 57.73 (C-
7), 58.02 (C-25), 59.25 (C-38), 82.56 (C-37),
114.67 (C-32, C-28), 120.72 (C-30), 129.63 (C-31,
C-29), 137.77 (C-13), 146.23 (C-27), 151.40 (C-
12), 156.96 (C-14), 161.29 (C-19) ppm. MS (70
ev): m/z 572.70 [M']; Anal. calcd. for C3sHs,N,O,:

\

OH

C, 75.48; H, 9.15; N, 9.78; 0, 5.59. Found: C,
75.44; H, 9.17.

5. RESULTS AND DISCUSSION

In this study, a straightforward route is reported
for the synthesis of a progesterone-alkyne
derivative (5). The first stage was carried out by
reacting  pregnen-4-en-3,20-dione (1)  with
ethylenediamine and formaldehyde to form an
amino-progesterone  derivative (2) using the
Mannich method (Figure 1).

o

OH

iii
. HO _~
Method B

HO\N/

3

4 NH,

Fig. 1. Synthesis of an ethylenediamine-progesterone oxime derivative (4). The first stage involves the preparation of a
progesterone-ethylenediamine derivative (2) by the reaction of progesterone with ethylenediamine, followed by
formation of the compound (4) by oximation of (2) (method A). The second stage (method B) involves the synthesis of
(4) by the reaction of progesterone-oxime (3) with ethylenediamine. i = formaldehyde/methanol; ii = hydroxylamine
hydrochloride; iii = formaldehyde/methanol.

It is important to mention that several amino-
steroid derivatives have been obtained using the
Mannich reaction; the structural chemistry of these
compounds [12] involves an activated methyl group
in ring A. Therefore, in this work a study of the
reactivity of the hydrogen atom involved in ring A
of compound 1 was undertaken by means of
Mannich reaction. The 'H NMR spectrum of 2
showed several signals at 0.65, 1.08 and 2.14 ppm
corresponding to methyls presents in the steroid
nucleus and at 0.89-0.98 and 1.17-2.60 ppm for
protons involved in the steroid nucleus. Several
signals at 2.52 ppm for protons of amino groups; at
2.66-3.36 ppm for methylene groups involved in

the arm bound to A-ring of steroid nucleus were
found. The *C NMR spectra displayed chemical
shifts at 13.26, 17.20 and 29.90 ppm for the carbons
of methyl groups present in the steroid nucleus. The
chemical shifts of the methylenes involved in the
steroid nucleus were found at 20.78-26.64, 30.97-
38.78, 43.80 and 56.12-196.76 ppm. Additionally,
several chemical shifts at 41.17, 44.60 and 52.10
ppm for methylenes present in the arm bound to the
A-ring of the steroid nucleus were displayed. A
signal at 206.60 ppm for a ketone group was found.
The presence of the compound 2 was further
confirmed by the mass spectrum which showed a
molecular ion at m/z 386.20.
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OH

OH

~

NH
©/N\%\/\/

5

Fig. 2. Synthesis of a progesterone-alkyne derivative (5) using a three-component system (compound (4),
benzaldhehyde and 1-hexyne). iv = anhydrous cupric chloride /ethanol

The second stage was performed by the
synthesis of 4 using two different methods; in
method A, the pregnen-4-en-3E,20E-dioxime (3)
was reacted with ethylenediamine to form 4 using
the Mannich reaction. The '"H NMR spectrum of 4
showed several signals at 0.87, 1.01 and 1.74 ppm
corresponding to methyls present in the steroid
nucleus; at 0.89-0.98, 1.23-1.69, 1.78-2.62 and 2.83
ppm for protons involved in the steroid nucleus
were found. In addition, signals at 2.68, 2.82 and
3.50 ppm for hydrogens involved in the arm bound
to the A-ring of the steroid nucleus were registered.
A signal at 4.40 ppm for both hydroxyl and amino
groups was found as well. The *C NMR spectra
displayed chemical shifts at 12.72, 13.25 and 19.45
ppm for the carbons of methyl groups present in the
steroid nucleus. The chemical shifts of the
methylenes involved in the steroid nucleus were
found at 21.17-37.95, 44.89, 54.91-151.40 ppm. In
addition, several chemical shifts at 41.17, 44.06 and
52.12 ppm for the arm bound to the A-ring of the
steroid nucleus were displayed. Signals at 156.96
and 161.29 ppm carbons bound to hydroxyl amino
group were found as well. The presence of
compound 4 was further confirmed by the mass
spectrum which showed a molecular ion at m/z
416.40. In the method B the compound 2 was
reacted with hydroxylamine hydrochloride to form
4. The 'H NMR and **C NMR data were similar to
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those of the product obtained by method A. It is
important to mention that method A gives higher
yields of compound 4 than method B.

The third stage was performed using the three-
component system for the synthesis of 5 (see Figure
2). There are many procedures which use a three
component system for the synthesis of several
compounds. The most widely practiced method
employs boric acid [13], silica sulfuric acid [14],
poly(4-vinylpyridine-codivynylbenzene)-Cu(ll)
complex [15], H,SO,[16], silica triflate [17] and
phosphorus pentoxide [18]. Nevertheless, despite
their wide scope, the protocols mentioned suffer
from several drawbacks owing to the limited
stability of some reagents. Analyzing these data and
the reports which indicate that the copper (I)
reagent has been found to be an efficient catalyst
for an enantioselective one-pot three-component
synthesis using aldehydes, amines, and alkynes
[19,20], in this study we report a straightforward
route for the synthesis of 5 using a three-component
system consisting of compound 4, benzaldehyde
and 1-alkyne in presence of cupric chloride as
catalyst (see Figure 2). The *H NMR spectrum of 5
showed several signals at 0.87, 1.05 and 1.74 ppm
for methyl groups present in the steroid nucleus; at
0.91 ppm for a methyl group involved in the arm of
alkyne; at 0.89-0.94, 1.20-1.40, 1.49-1.70, 1.78-
2.28 and 2.43-2.85 ppm for protons involved in the
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steroid nucleus. Several chemical shifts at 1.44-1.48
and 2.35 ppm for methylenes involved in the arm of
alkyne; at 2.94, 3.19 and 3.50 ppm for an arm
bound to the A-ring of the steroid nucleus were
displayed. Signals at 6.08 ppm for both hydroxyl
and amino groups and at 6.58-7.16 ppm for protons
involved in the phenyl group were found. The
presence of the compound 5 was further confirmed
by the mass spectrum which showed a molecular
ion at m/z 572.70.

6. CONCLUSIONS

In this study, we report an easy methodology to
synthesize a progesterone-alkyne derivative (5).
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CUHTE3 U JIU3AMH HA ITPOI'ECTEPOH-AJIKUHOBU ITPOM3BOJIHU

JI. ®urepoa-Bansepae’, @. Jlnac-Cenmnbo’, M. Jlonec-Pamoc, E.Tapcua-Cepsepa’, E. [oon-Eprannect

1
Jlabopamopus no ghapmayeemuuna xumusi, Daxynimem no XUMUKO-OUOIO2UYHU HAYKU, ABMOHOMEH
yuugepcumem na Kauneue, Mexcuxo
2
Bucute yyunuwe no 6uonocuunu nayku, Hayuonanen nonumexnuyecxku uncmumym, Canmo Tomac,
Mexcuxo

[ocrermna va 28 mapt, 2011 r.; mpueta Ha 26 centemBpu, 2011 1.
(Pesrome)

B Hacrosimata pabora ce cpoOmiaBa 3a CHHTE3MPAHETO HA IPOTECTEPOH-AIKWHOBU NPOW3BOAHM. IIbpBHAT eran
BKJIFOUBA TIPOTOTBSIHE HA IMPOTECTEPOH-CTHUIICHANAMHHOBO MPOM3BOAHO (2) m3mo3nBaiiku peakimsta Ha Mannich.
BropusaT eTam BKJIIOYBA IMOJIyYaBAaHETO HAa OKCHMMAa Ha CTHICHIMAMHHA-TIporecTepoHa (4) upes peakuusaTa Ha 2 C
XHIpOKCIIIaMUH-Xxuapoxiaopua (mMerox A). OcBeH ToBa 4 € CBINO CHHTE3UPAHO UYPe3 PeaKkmnusATa Ha TMPerHO-4-eH-
3E,20E-mrokcum (3) ¢ eTriieHCHaMuH 110 peakiuaTa Ha Manux (Metox B). Hakpas ce cienBa MapiupyTa 3a CHHTE3aTa
Ha MPOTeCTEPOH-ATKHHOBUTE MTPOU3BOIHH (5) B TPH
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Some physicochemical properties of silver loaded clinoptilolite from Beli plast, East
Rhodopes by spray pyrolysis method

K. Genov?, V. Blaskov*”, S. Vassilev?, 1. Boevski, M. Shipochka, I. Stambolova®

YInstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.
?Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria.

Received: April 7, 2011; revised: November 11, 2011.

Silver loaded zeolite was obtained by the spray pyrolysis method. The material was characterized by DC arc atomic
emission spectroscopy (AES), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), IR spectroscopy and
scanning electron microscopy (SEM). The concentration of Ag in the final samples, calculated from the XPS spectra,
corresponds to that in the precursor solution. The SEM photographs reveal both separate silver particles and
agglomerates located on the zeolite surface and inside the channels.

Keywords: Ag coated, HEU, Spray pyrolysis, zeolite, SEM

1. INTRODUCTION

The Bulgarian clinoptilolite (CAS No0:12173-
10-3) is a natural zeolite with HEU-type
framework. Its structure and properties are widely
investigated and discussed in the literature [1-7]. As
a representative of the zeolite class, clinoptilolite
can be used as a catalyst support, adsorbent and ion
exchanger. Our interest in silver loaded
clinoptilolite was provoked by these facts:
clinoptilolite is a natural mineral and is cheaper
than synthetic zeolites; Ag loaded zeolites can be
used as catalysts for several types of reactions (e.g.,
oxidation with ozone [6]) or as materials with
antibacterial properties [8].

Over the last decades spray pyrolysis has been
one of the mainstream chemical methods applied
for the formation of thin layers and particles
(powders) of different compounds [9-11]. The
method is cheap and requires simple equipment in
comparison with the physical methods (vacuum
evaporation, magnetron sputtering, etc.). Spray
pyrolysis allows mixing of the initial components at
a molecular level. It allows doping with any
chemical element in various proportions; a
distinctive feature of sprayed catalysts is the
homogeneous distribution of the ingredients
throughout the entire particle since all ingredients
are formed in a homogeneous solution [12-15].

The aim of this article was to prepare Ag loaded
natural clinoptilolite (Ag/CL) via spray pyrolysis
method and to investigate the physicochemical
properties of the samples.

* To whom all correspondence should be sent:
e-mail: vblaskov@abv.bg

2. EXPERIMENTAL PROCEDURES

General methods

An agueous AgNO; precursor solution was
used to obtain a final product with 7.5 wt % silver.
Clinoptilolite (CL) 10 g (fraction 3-5 mm),
obtained from Beli Plast deposit by Bentonit AD,
was put in a ceramic crucible and was heated in a
hot furnace at 250-300°C. The temperature was
sufficient to decompose the precursor.

The aerosol of the precursor solution was
generated by a pneumatic glass nebulizer and was
transported to the substrate. The spray coating was
repeated 5 times in 10-second intervals. The sample
was mechanically stirred in order to obtain
homogeneous distribution of the drops over the
whole surface of zeolite particles. The final
treatment at 350°C was carried out for 60 min.

The silver content of the Ag/CL sample was
analyzed by a D.C. arc - AES method on a
spectrograph PGS-2 (Carl Zeiss - Jena), equipped
with a ruled grating 650 grooves mm™ and A blaze
570 nm. D.C. power generator was used for spectra
excitation in electrodes RW-0, Ringsdorff. The
electrode spacing was 4.0 mm, and the amount of
sample - 10 mg.

The crystalline phase composition of the
samples was studied on a X-ray diffractometer
Philips PW 1050 with CuK,-radiation.

The chemical composition was determined on a
VG ESCALAB Il electron spectrometer using AlK,,
radiation with energy of 1486.6 eV. The binding
energies were determined with an accuracy of
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+0.1 eV utilizing the C1s line at 285.0 eV (from an
adventitious carbon) as a reference. The chemical
composition of the samples was investigated on the
basis of areas and binding energies of Cls, O1s,
Ag3d photoelectron peaks (after linear subtraction
of the background) and Scofield’s photoionization
cross-sections.

The morphology of the samples was
investigated by SEM (JSM-5510 of JEOL).

3. RESULTS AND DISCUSSION

The D.C. arc - AES method proved the
presence of Ag in the samples. The
photographic plate is shown on Fig. 1. The
characteristic Ag lines at 328.068 pm and
338.289 pm can be seen. Two characteristic
lines of Al (308.215 and 309.271 pm) and of Si
(288.157 pm) are also seen. This method
indicated that the silver was successfully
coated on the zeolite, but gave no information
on the distribution of the Ag particles.

Si ... Al .. Ag Ag
! i

] "

Fig. 1. Ag/CL spectral plate from D.C. arc — AES
analysis.

Ag/CL obtained by
Spray pyrolysis
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Fig 2. XRD diffractogram of CL, Ag loaded CL and
HEU type structure according to zeolite data base atlas.

XRD analysis (Fig. 2) revealed that the
natural Bulgarian clinoptilolite contains less
than 17 % impurities of cristobalite, quartz,
albite and microcline. The increased intensity
of the diffraction peak at 2@ =30 is a result of
the presence of silver. XRD analysis did not
detect any Ag phases, although the samples
contain over 5 wt % silver. Probably, some of
the silver particles are incorporated inside the

zeolite channels, due to the porous structure of
the zeolite.

Ag3d

Ag’
369.5 -

365 370 375 380
Binding Energy (eV)

Fig 3. Ag 3d photoelectron spectra of the Ag loaded CL.

The chemical composition of CL and Ag/CL
was investigated on the basis of areas and
binding energies of C1s, Ols, Si2s, Si2p, Al2s,
Al2p and Ag3d photoelectron peaks. The
surface atomic concentrations of O, Al, Si, Ag,
Na, K and Ca were estimated as well and are
shown in Table 1. It can also be seen that the
concentration of silver in the zeolite (Fig. 3,
Table 1) corresponds to that in the spray
precursor solution.

Fig. 4 presents the morphology of the Ag
loaded zeolite. It can be seen that single Ag
particles (indicated by black arrows) and
aggregate heaps of Ag particles (indicated by
white arrows) are situated on its surface. A thin
silver layer is probably formed in some
sections of the (010) zeolite plane.  The IR
spectrum of the Ag/CL sample is presented on Fig.
5. The main vibrational absorbance peaks are
presented in Table 2. They correspond to Si-O-Si or
Si-O-Al vibrations. The typical silanol vibrations
(950 and 570 cm™) can not be observed because
natural clinoptilolite is not in H form. The possible
~0O-H vibrations were shifted to higher wavelenghts
at 465, 604 and 3453 cm™ , due to the presence of
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Fig.4. SEM image of Ag loaded CL.

Table 1. Chemical composition of the samples according to the data of the XPS analysis

Chemical O Si Al Na K Ca Ag
composition [at.%] [AT.%] [at.%)] [at.%)] [at.%] [at.%)] [at.%]
clinoptilolite 60.5 31.6 4.2 <0.5 1.9 15 -
Ag/clinoptilolite  55.5 27.0 8.8 <0.5 0.5 0.8 7.3

Table 2. Key infrared bands of the samples according to
values, given in [6].

Wavelength, cm™ Assignment
1200, 1070 Vs (Si-O-Si)
950 v (Si-OH)
798 vs (Si-O-Si)
570 v (Si-OH)
450 3 (Si-0-Si)

silver, as has been found before [16]. The band at
1390 cm™ was attributed to NO5™ ions which should
decompose after annealing at a temperature of
350°C. This peak can also be assigned to polluted
air.

4. CONCLUSIONS

Spray pyrolysis is a faster and more flexible
way for coating metals on alumino-silicate media in
comparison with ion-exchange or wet impregnation
methods. We have successfully applied the spray
pyrolysis to produce Ag loaded clinoptilolite. Silver
ions or particles located inside the channels, as well
as on the outer zeolite fragments were found. The
samples may find application as catalysts,
antibacterial substances, etc., due to their high
surface area and low price.
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Fig.5. IR absorbance spectra of Ag loaded CL.
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HAKOU ®U3UKO-XNUMUYHU CBOVICTBA HA KIIMHOIITUIOJIHUT OT BEJIN IJIACT,
N3TOYHU POJOIIN, ITOKPUT CHC CPEGPO YPE3 CIIPEU ITMPOJIN3A

1 L 2 1 1 1
Kp. I'enos”, Bi1. basckos™ , C. Bacuner®, UB. boescku, M [llunouka“, Up. CrambonoBa
1)HHcmumym no obwa u Heopeanuyna xumus, bvreapcka akademus na nayxume, Cogus 1113, bvacapus
2 Hnemumym no enexmpoxumusi u enepeutinu cucmemu, bvieapcka akademus na naykume, Coghus 1113, Bvaeapus

[Tocrbnuna Ha 7 anpui, 2011 r.; npepaboTeHa Ha 11 HoemBpH, 2011 r.

(Pesrome)

IMony4yeH e HaHeceH cbc CpPeOpPO 3€ONMMT Ype3 CIped muponu3a. MarepuainsT € OXapaKTepH3UpaH C aTOMHO-
emucuonna cnekrpockornus (AES), penrreHoBa ¢oToenektponHa crekrpockomus (XPS), pentrenoBa mudpakiims
(XRD) u ckanuparia enekrporna mukpockomus (SEM). Konnentparusra Ha cpedpo B obpasuure, uzuncieHa or XPS
CHEKTPUTE, OTTOBaps Ha Ta3u B U3XoHMs pa3TBop. Ha SEM ¢ororpadusra ce HabIr0aBaT KAaKTO OTIEIHH CPEObPHU
YACTHIIN, TAKA U arJIOMEPATH OT TSIX, PA3IMOII0KEHH BHPXY MOBBPXHOCTTA M BHTPE B KAHAIMTE Ha 3€0JTHTA.
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The present study comprises the analysis of 12 soil samples from rainfed, irrigated and garden lands of agricultural
areas around Mysore. The soil samples were analyzed for urea residues, texture, moisture content, bulk density, particle
density, water holding capacity, pH, EC, chloride, organic carbon, calcium, magnesium, total nitrogen, ammoniacal
nitrogen, nitrate, sodium, potassium and phosphorus. The study reveals that the application of urea fertilizer has a great
influence on the physico - chemical properties of the soil. The soil samples S4 and S7 were found to be acidic in nature.
Decline in the levels of basic cations like calcium and magnesium was reported compared to the normal levels in the
majority of the sampling areas. Higher phosphorus levels were found in all sampling areas, which is due to over-use of
phosphate fertilizers. From the study it was concluded that judicious application of urea fertilizers may help maintaining
soil quality and productivity. However, it is necessary to apply a liming material to reduce the acidifying effect on
agricultural lands in order to maintain basic cation levels in soil.

Key words: urea residues, soil properties, rainfed, irrigated, garden lands, judicious application

1. INTRODUCTION

Urea is one of the nitrogenous fertilizers which
has received widespread attention in agriculture,
because of its potential capacity of alleviating
seedling damage, nitrate toxicity, ammonia
volatilization, air and water pollution problems [1-
2]. When urea is applied to soil, it is rapidly
hydrolyzed to ammonia and carbon dioxide by soil
urease enzyme. The rate at which urea gets
hydrolyzed is closely related to soil physico-
chemical characteristics such as soil pH, moisture
content, organic carbon and temperature [3].
Generally inorganic fertilizers are applied to
maintain or improve crop Yyield but their application
causes directly or indirectly changes in the physical
and chemical properties of the soil. Some of the
studies have shown that continued use of inorganic
fertilizers may result in lowering soil quality and
productive capacity [4]. Studies of urea residues in
soil extracts were reported by very few researchers
[5,6]. Studies of the  physico-chemical
characteristics of agricultural soils were reported by
several researchers [7-17]. However, not much
work is reported on determination of urea residues
along with the physico-chemical characteristics of
agricultural soils. Therefore, the present study was

* To whom all correspondence should be sent:
e-mail: divyajenv@gmail.com

undertaken to investigate the physico-chemical
characteristics of soils along with urea residues,
particularly in the agricultural lands around
Mysore, with a view to understand the role of urea
residues on soil quality.

2 MATERIALS AND METHODS

Study area: Agriculture is the predominant
occupation in Mysore. The total geographical area
of Mysore is 81740 hectares, out of which, 38600
hectares corresponds to cultivable lands. The study
area, lying on 12° 30' N latitude and 76° 65' E
longitudes, receives annual rainfalls of about 798
mm. During the past 15 years, the consumption rate
of chemical fertilizers in Mysore has been about
83,353 metric tons per year, out of which 50%
contribution was for nitrogenous fertilizers,
particularly urea. The description of the sampling
place, cropping pattern, fertilizer type and quantity
applied is presented in Table 1.

Collection of the soil samples: The sampling
area was divided into rainfed, irrigated and garden
lands. From each of the farm lands, four composite
soil samples were collected. The soil samples were
collected at a 0-15 cm depth. The soil samples were
air-dried, ground, sieved through a 2 mm sieve and
stored in polythene bags until analysis.

Analysis of soil:  The soil samples were
analyzed for texture, moisture content, bulk density,
particle density, pH, electrical conductivity, organic
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carbon, total nitrogen,
potassium, calcium, magnesium,
nitrogen, nitrate and urea residues.

Experimental work: The textural analysis was
carried out by the international pipette method and
the soil moisture content was assessed by a
gravimetric method. The bulk density and particle
density were determined using the Core sampler
method and the volumetric flask method. The urea
residues were quantified spectrophotometrically by
the reaction of urea with diacetylmonoxime under
acidic conditions. The soil pH was measured in 1:5
soil/water suspensions using a pH meter with a
glass electrode. The electrical conductivity of the
soil extracts was determined using a conductivity
meter. The organic carbon was determined by the
potassium dichromate wet oxidation method. The
total nitrogen was determined by the Kjeldahl
distillation method, while the available phosphorus
was determined by Trough’s method. Sodium and
potassium were determined by flame photometry.
Calcium and magnesium were determined by
EDTA titration and the ammoniacal nitrogen - by
Nessler’s reagent method.

phosphorus,  sodium,
ammoniacal

3. RESULTS AND DISCUSSION

The results for the  physico-chemical
characteristics and the content of urea residues in
the soil samples are presented in Table 2.

The ordinary examination of the soil in the
studied area reveals that the soil samples are of
sandy, clay, clay-loam, and sandy-clay texture. The
water holding capacity is the amount of water
retained in the soil pores. Generally, in medium-
textured soils, the amount of water retained is very
low when compared to clay-textured soil. In the
present study the water holding capacity ranged
from 46.8 to 90.3 %. Except for the samples S4 and
S12, all soil samples were found to have a high
water holding capacity, which is due to the large
pore space present in-between the soil particles,
helping to retain a larger amount of water.

Bulk density is defined as the mass of soil
material per unit volume of moist soil in natural
undisturbed conditions. The bulk density of clay
and clay-loam soils normally ranges from 1 to 1.65
mg/m®. Variation of the bulk density from 1.20 to
1.80 mg/m® could be found in sandy and sandy-
loam soils. In the present studied area, the bulk
density ranges from 0.94 t01.3 mg/m®. In some of
the soil samples lower bulk densities were reported,
which may due to the high organic carbon content
in the soil.

The particle density is the density of solid
particles in the soil sample. In the studied area, the
particle density of soil samples ranged from 2 to 5
mg/m>. Normally the particle density ranges from 2
to 2.65 mg/m?, which indicates the presence of clay
and quartz minerals in the soil matrix. High particle
density indicates the presence of iron-rich soils,
e.g., the density of ferromagnesian minerals ranges
from 2.9 to 3.5 mg/m® and the density of iron
oxides and other heavy minerals can reach up to 5
mg/m®

Porosity or pore space of a soil is that portion of
the total soil volume, which is not occupied by
solid particles, but occupied by air or water. The
pore space of a soil varies depending on soil
texture, shape of individual soil particles, organic
carbon content, and nature of crop soil
management. In the present study, the porosity
values ranged from 45 to 77.6 %. Lower porosity
is reported for S12 and higher one - for S1. The
soils are of sandy and clay texture. Generally, the
pore space in sandy soils is very low when
compared to clay soils, while the compactness
between soil particles is higher in clay soils rather
than in sandy soils.

The urea residues are found to range from 1.12
to 8.73 kg/ha. Generally, when urea is applied to
the soil, it is rapidly hydrolyzed to ammonia and
carbon dioxide by the urease enzyme present in the
soil. The rate of degradation depends on soil pH,
temperature, moisture content, organic carbon and
quantity of urea applied. In the present study, high
urea residues were reported in S7, which is due to
the acidic nature of this sampling area. Acidic
conditions reduce the urease enzymatic activity in
the soil.

The present study on, irrigated and garden lands
shows a pH range from 5.81 to 8.31. Soils with pH
values from 55 to 6.5 are lime free and are
satisfactory for most of the crops. pH values from
6.5 to 7.5 are most favorable for the crops and
plants.

Electrical conductivity values from zero to 2
dS/m are safe for all crops. The EC values of the
studied area varied from 0.11 to 1.04 dS/m, which
reveals that most of the soil samples have a safe
range of electrical conductivity.

Organic carbon is an index of soil productivity
and reflects the amount of carbon broken down
from plants and animals, which is stored in the soil.
In the present study the organic carbon content in
the soil samples of the studied area ranged from
0.57 to 7.23 %. The organic carbon in all soil
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samples was found to be high, which may due to
decomposition of crop residues on the soil surface.

The ammonia and nitrate concentrations in the
soil samples of the studied area were 3.13 — 12.54
kg/ha and 2.68-18.86 kg/ha, respectively. These
values mainly depend on the moisture content and
the enzymatic activity in the soil (which may vary
from one place to another).

The total nitrogen content values for all soil
samples were found to be in the range from 784 to
1784.8 kg/ha. The high nitrogen values are due to
both the excessive application of nitrogenous
fertilizers and the leguminous crop rotation.

The calcium and magnesium ions were found to
range from 1.8 to 12.7 meqg/l and from 1.0 to 11.4
meqg/l, respectively, except for the sample S3.
Sodium and potassium concentrations were found
to be between 100.8 to 257.6 kg/ha and 44.8 to

188.16 kg/ha, respectively. For urea-applied soils,
the hydrolysis of urea yields nitrate ions which are
not strongly adsorbed by the soil particles and will
move down through the soil profile. The negatively
charged nitrate ions carry positively charged basic
cations, such as calcium, magnesium, sodium, and
potassium in order to compensate for the electrical
charge on the soil particles. The depletion of these
basic cations will accelerate the acidification
process of the soil which is another reason for the
decrease in soil pH.

Phosphorus levels in the studied area varied
from 62.72 to 288.96 kg/ha. The available
phosphorus levels in all sampling areas were found
to be higher than the normal range, which is due to
excessive application of phosphate fertilizers [18].

These results are demonstrated in Figs. 1-3.

Table 1. Sampling points with sampling codes, crop types and types of fertilizers applied to the agricultural field

No Sampling location Types of crops cultivated Types of Land type Quantity of urea
fertilizer applied, kg/ha

S1 Marballi Ragi, Vegetables Urea Rainfed area 100

S2 Avrasinakere Cotton Urea Rainfed area 100

S3 Jayapura Maize, Cabbage, Cauliflower, Urea Rainfed area 100
Tomato

S4 Doora Banana, Papaya, Pomegranate, Urea Rainfed area 100
Lemon

S5 Varakodu Areca nut, Banana plantation Urea Irrigated land 100

S6 Mosaimbayanahalli Ragi, Paddy, Maize Urea Irrigated land 100

S7 Duddgere Ragi, Paddy Urea, Irrigated land 100

S8 Varuna Paddy Urea Irrigated land 100

S9 Koppalure Coconut, Areca nut Urea Garden land 100

S10 Gejjagalli Sugar cane, Green leafy Urea Garden land 100

vegetables
S11 Mandakalli Turmeric, Banana plantation, Urea Garden land 100
Green leafy vegetables

S12 Bandipalya Coconut, Green leafy vegetables, Urea Garden land 100

Banana
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Table 2. Physico-chemical characteristics of agricultural soil samples of Mysore.
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Fig.1. Soil characteristics of rainfed area.
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Fig.2. Soil characteristics of irrigated land.
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Fig.3. Soil characteristics of garden land.

4. CONCLUSIONS

The present study indicates that the application
of urea fertilizers has a great influence on the
physico-chemical properties of the soil. The pH
values of soil samples S4 and S7 were found to be
acidic and declining in basic cations. In all
sampling areas the phosphorus levels were found to
be higher, which is due to over-use of phosphate
fertilizers. It follows from the study that judicious
application of inorganic fertilizers must be kept in
order to preserve soil quality and productivity. It is
necessary to apply liming material to reduce the
acidification of agricultural lands and to maintain
basic cation levels in soil
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OIIPEAEJISIHE HA OCTATBYEH KAPBAMU/L B ITPOBU OT 3EMEJIEJICKH ITOYBU OKOJIO I'P.
MAUCOP, HIAT KAPHATAKA B UHAUA

Jx. lues, C.JI. benaranu

Jlenapmamenm 3a u3cne08anusi no onazeéane Ha oxoaHama cpeda, Yuusepcumem ¢ Maiicop, Maiicop-570 006,
Kapuamaka, Hnous

TlocTenmna Ha 23 anpwr, 2011 r.; npuera Ha 19 HOoemBpH, 2011 1.
(Pestome)

Hacrosmero w3cnenBaHe ChABbpXKa aHANM3M Ha 12 MOYBCHHW MPOOHM OT €CTECTBEHO HAIOSIBAHW, HATIOSBAHU M
TPaJAWHCKU 3€MH B 3eMeJieNickaTa o0yact okoio rp. Maiicop. [Ipobure ca aHanm3upaHu 3a oCTaThUeH KapObaMu, Biara,
TEKCTypa, oOeMHa IUTPTHOCT, IUTPTHOCT HA YACTHIMTE, BJIATO3aAbpKall KamamuTeT, pH, elreKTpompoBOAMMOCT,
XJIOPU/IM, OPTaHUYUCH BBIJICPOJI, KAIIUH, MarHe3uii, o0 a30T, aMOHSYCH a30T, HUTPATH, HATPHA, Kaauid u ¢ocdop.
W3cnensaHero paskpuBa, 4e ymorpebara Ha KapOaMuaa KaTo TOP MMa TOJISIMO BIHSHUE BHPXY (HU3UKO-XUMHYHHTE
CBOICTBa Ha MOYBHTE. YCTAHOBEHO €,4 € IouBeHH pobu S4 u S7 ca ecrecTBeHO Kucenu. HamepeHu ca OTKIOHEHHUS OT
HUBaTa Ha OCHOBHU KAaTMOHH, KAaTO KaJIIMA M MarHe3wii 3a MHO3MHCTBOTO Ha MPOOOB3UMaHHsTA. YCTaHOBEHHU ca
MOBHIIICHN HHUBA Ha (ochopa 3a BCHUKH H3CICABAHA MECTa, KOETO Ce OBIDKA Ha MPEKOMEpPHO TopeHe ¢ (ophopHU
TopoBe. HampaBeHO e 3aKiIto4eHneTo, 4e pa3yMHaTa yrmorpeba Ha kapOaMua MOXKe Jja CTIOMOTHE 3a TMOATbPIKaHETO Ha
Ka4ecTBOTO Ha MOYBHUTE W IWIojopoamero uM. HeobOxommmo e obade ma ce ciequ 3a KHCEIHHHUS e(DEeKT BBpPXY
3€MENIEIICKUTE 3€MHU, 3a J1a CE MOAIbPKAa OCHOBHOTO OCHOBHOTO HHBO Ha KATUOHUTE B TSX.
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A novel route for the synthesis of 6-trimethylsilylspiro[4,5]dec-6-ene and 6-trimethylsilylspiro[4,6]undec-6-ene by
the Waurtz-Fittig type coupling reaction of 6-iodospiro[4,5]dec-6-ene and 6-iodospiro[4,6]Jundec-6-ene with alkali
metals and chlorotrimethylsilane in good yields is reported. The compounds serve as a new class of spiranyl cyclic

vinylanionic synthons.

Key words: spiranes, cyclic vinylsilanes, anionic synthons, Wurtz-Fittig reaction.

1. INTRODUCTION

Cyclic vinylsilanes are an important class of
compounds in organic synthesis [1]. The
compounds serve as masked vinylanionic synthons
[2]. Spirocyclics on the other hand, are important
compounds with diverse properties, which are
found to occur as subunits in many natural products
[3]. To our knowledge, there is only one report on
the preparation of spiranyl cyclic vinylsilanes in the
literature by Paquette [4]. Substitution of the
trimethylsilyl group in  simple spirocyclic
compounds alters the electronic properties of the
molecules, thereby providing a route for easy
functionalization with diverse functional groups
[5].

We had earlier prepared a wide variety of simple
and substituted cyclic vinylsilanes by the Wurtz-
Fittig coupling reaction of the corresponding cyclic
vinyl  bromides/chlorides with  sodium and
chlorotrimethylsilane  in  different  anhydrous
solvents [6].

The most recent of the substituted cyclic
vinylsilanes synthesized by us are the 2-
trimethylsilylcycloalkenones [7]. The compounds
are a-acylvinyl anionic synthons [8].

During our study on the synthesis of the 2-
trimethylsilylcycloalkenones, we  found  6-
trimethylsilyl-7-methyl-1,4-dioxaspiro[4,5]dec-6-
ene to be highly unstable even in the mildest acidic
medium [9].  The 6-trimethylsilyl-7-methyl-1,4-
dioxaspiro[4,5]dec-6-ene could not be isolated
under the conditions of our work, even though the

* To whom all correspondence should be sent:
e-mail: hariprasad@bub.ernet.in

compound has been isolated by Yus [10].
Therefore, we chose to prepare the corresponding
carbon equivalents, which are the spiranyl-
compounds. These novel spiranyl cyclic vinyl
silanes are expected to be very stable.

2. EXPERIMENTAL

IR spectra were recorded on a Shimadzu FT-IR
8400S spectrometer. NMR spectra were recorded
on a Bruker AMX 400 MHz spectrometer. GC was
run on a Shimadzu 14-B/Mayura 9800 Gas
Chromatograph using a SE-30 SS 2m x 1/8”
column. Yields refer to the isolated yields of the
products. GC-MS spectra were obtained using a
Shimadzu GC-MS QP 5050A.

General procedure for the preparation of
spiro[4, n]alkanones

Spiro[4,n]alkanones (3 and 4): To a
magnetically stirred suspension of potassium tert-
butoxide (2.2 mol equivalents) in 100 mL refluxing
anhydrous benzene was added a mixture of
cycloalkanone (10 g) and 1,4- dibromobutane (1.2
mol equivalents) over a period of 40 min. After
completion of the addition, the mixture was further
refluxed for 10 hrs. The reaction mixture was
cooled, diluted with 50 mL ether and added to 100
mL of ice cold water. The organic layer was
separated, and the aqueous layer was extracted with
ether (3x50 mL). The combined organic extracts
were washed with water (2x50 mL), brine (2x30
mL) and dried over anhydrous potassium carbonate.
The solvent was removed on a rotary evaporator
and distilled in vacuo to isolate spirocyclic ketones
3 and 4 in yields as reported in the literature.
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Spiro[4,5]decan-6-one (3) [13]: IR (Neat);
2937, 2864, 1708, 1448, 1342, 1311, 1236, 1193,
1126, 1060, 954, 904, 852, 800 ; 'H NMR
(CDClg): & 1.27-1.28 ( m, 2H), 1.30-1.31 (m, 4H),
1.46-1.49 (m, 4H), 1.70-1.71 (m, 2H), 1.91-1.96
(m, 2H), 2.21-2.31 (m, 2H). GC-MS: m/e (rel.
intensity): 152 (36), 123 (11), 111 (100), 95 (35),
81 (22), 67 (93), 55 (29), 41 (44).

Spiro[4,6]undecan-6-one (4) [12]: IR (Neat) ;
2931, 2858, 1703, 1446, 1346, 1313, 1141, 1076,
1029, 979, 937, 840 ; 'H NMR (CDCly): & 1.27-
1.33 (m, 2H), 1.39-1.41 (m, 2H), 1.51-1.57 (m,
10H), 1.69-1.72 (m, 2H), 1.82-1.91 (m, 2H). **C
NMR (DMSO): 6 25.4, 26.0, 26.3, 30.1, 36.5, 37.9,
59.0, 216.4. GC-MS: m/e (rel. intensity); 166 (10),
148 (3), 125 (26), 95 (37), 81 (29), 67 (100), 55
(38), 41 (68).

6-lodospiro[4,n]alk-6-enes (5 and  6):
Triethylamine (1.5 mol equivalents) and hydrazine
monohydrate (18 mol equivalents) were added to a
solution of spiro[4,n]alkanones in absolute ethanol
(25 mL) and the mixture was refluxed for 12 hours.
Ethanol was evaporated in vacuo. The residue was
extracted with ether (3x20 mL), the organic layers
were combined, dried over anhydrous sodium
sulfate, and evaporated in vacuo to get the
hydrazones of 3 and 4.

A solution of iodine (2.2 mol equivalents) in dry
ether (50 mL) was added dropwise to a solution of
spiro[4,n]alkanone hydrazones (4 g) and 1,5-
diazabicyclo[4.3.0]non-5-ene (6 mol equivalents) in
dry ether (50 mL). After the reaction mixture was
stirred for 3.5 hours, it was quenched with saturated
sodium bicarbonate solution (20 mL). The layers
were separated and the aqueous layer was extracted
with ether (3x40 mL). The organic layers were
combined, dried over anhydrous sodium sulfate,
and evaporated in vacuo. The residue was
chromatographed using silica gel to isolate 5 and 6.
Further distillation gave the pure compounds.

6-lodospiro[4,5]dec-6-ene (5): B.p. 80-82°C/1
mm IR (Neat) ; 2933, 2864, 1618, 1444, 1319,
1180, 1085, 1024, 954, 877,804,738,688 cm*; ‘H
NMR (CDCly): & 1.47 (m, 2H), 1.67 (m,4H), 1.75
(m, 4H), 1.83 (m, 2H), 2.07 (m,2H), 6.43 (1H, t,
J=4 MHz), *C NMR (CDCls): 6 19.8, 25.2, 29.9,
36.5, 40.8, 49.7, 117.9, 138.9 ; GC-MS: m/e (rel.
intensity): 262 (36), 135 (83), 107 (26), 93 (81), 79
(72), 66 (100), 54 (20), 40 (42).

6-lodospiro[4,6]Jundec-6-ene (6) B.p. 80-
82°C/0.6mm IR(Neat): 2929, 2862,1699, 1608,
1446, 1359, 1330, 1220, 1101, 1024, 995, 937, 844,
815, 715, 676 cm™; "H NMR (CDCl;): 6 1.57-1.58
(m, 4H), 1.64-1.65 (m, 4H), 1.73-1.74 (m, 4H),
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1.83-1.85 (m, 2H), 2.03-2.07 (m, 2H), 6.54 (t, 1H,
J=6.8 Hz); °C NMR (CDCl5): & 23.6, 25.0, 26.3,
29.4, 33.1, 41.6, 55.6, 123.0, 142.9. GC-MS: m/e
(rel. intensity): 276 (0.9), 149 (8), 126 (16), 107
(10), 91 (31), 79 (31), 67 (33), 41 (100); Anal.
calcd. for C;;Hy7l: C, 47.84%; H, 6.20%. Found:
C, 48.13%; H, 6.34%.

Synthesis of 6-trimethylsilylspiro[4,n]alkenes
(7 and 8):

To a suspension of finely cut metal pieces (5
mol equivalents) and chlorotrimethylsilane (3 mol
equivalents) in 10 mL of anhydrous ether, 6-iodo-
spiro[4,n]Jalkene (1g) in 5 mL of dry ether was
added. The mixture was refluxed with efficient
stirring on an oil bath at 45°% 50°C.  The
completion of the reaction was followed by GC.
The mixture was cooled; the precipitated solids and
remaining metal pieces were removed by filtering
on a plug of glass wool and washed with ether
(2x10 mL). The combined organic extract was
washed with saturated sodium bicarbonate (15 mL),
saturated sodium chloride (10 mL) and dried
(anhydrous Na,CQOj3). Concentration in vacuo and
distillation yielded 7 and 8.

6-Trimethylsilylspiro[4,5]dec-6-ene (7): B.p.
75-78°'C/1L mm; IR (neat): 2952, 2929, 2871, 1595,
1445, 1406, 1249, 1054, 1002, 943, 836, 754, 684,
634 cm™; 'H NMR (CDCls): 6 0.10 (s, 9H), 1.37 —
1.39 (m, 2H), 1.40 -1.44 (m, 2H), 1.56 — 1.59 (m,
2H), 1.65 - 1.66 (m, 6H), 1.90 - 2.03 (m, 2H), 6.03
(t, 1H, J=3.6Hz); *C NMR (CDCl3): & 19.2, 24.0,
27.1, 35.2, 39.0, 46.4, 137.5, 146.1; GC-MS: m/e
(rel. intensity): 208 (2), 193 (9), 165 (3), 134 (100),
119 (9), 105 (10), 91 (22), 73 (86), 59 (35), 44 (17)

6-Trimethylsilylspiro[4,6]Jundec-6-ene  (8):
B.p.: 72-75°C/0.8mm IR(Neat): 2921, 2858, 1645,
1446, 1247, 1151, 1099, 960, 931, 837, 754 cm™*;
'H NMR (CDCl,):  0.096 (s, 9H), 1.42-1.48 (m,
4H), 1.54-1.68 (m, 8H), 1.82-1.86 (m, 2H), 2.16-
2.21 (m, 2H), 6.13(t, 1H, J = 6.4 Hz); *C NMR
(CDCly): & 2.16, 3.53, 26.60, 27.33, 30.54, 36.51,
37.65, 51.72, 141.76, 153.51 ; GC-MS: m/e (rel.
intensity): 222 (0.3), 207 (0.8), 179 (0.5), 148 (30),
133 (6), 91 (13), 73 (100), 59 (33.36), 45 (28) Anal.
calcd. for C14H45Si: C, 75.59%; H, 11.78%. Found:
C, 75.92%, H, 12.38%

3. RESULTS AND DISCUSSION

In expansion of the scope of the Wurtz-Fittig
coupling reaction, we now report for the first time
the successful synthesis of six- and seven-
membered 6-trimethylsilylspiro[4,n]alk-6-enes: 6-
trimethylsilylspiro[4,5]dec-6-ene (7) [4] and 6-
trimethylsilylspiro[4,6]undec-6-ene (8) by the route
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Scheme-1: Synthesis of Novel Spiranyl Cyclic Vinylsilanes

shown in Scheme 1. This route expands the scope
and utility of the Wurtz-Fittig coupling reaction.
The starting spiro[4,5]decan-6-one (3) [11] and
spiro[4,6]undecan-6-one (4) [12] were prepared by
alkylating cyclohexanone (1) and cycloheptanone
(2) with 1,4-dibromobutane using potassium tert-
butoxide in benzene solvent. The compounds 3 and
4 were reacted with hydrazine hydrate and
triethylamine for their conversion to corresponding
hydrazones. Monitoring the reaction by GC-MS
indicated the formation of bis-spiro[4,n]alk-6-
ylidene-hydrazine along with the required
hydrazones of 3 and 4. The mixture of azines and
hydrazones without further purification was reacted
with 1, / DBN according to the Barton vinyl
iodination method to their corresponding 6-
iodospiro[4,5]dec-6-ene 5) and 6-
iodospiro[4,6]undec-6-ene (6) [13]. 6-
lodospiro[4.5]dec-6-ene (5) is not reported in
literature. However, for the vinyl bromide
equivalent of 5 see [14].The literature survey
indicates that there are no precedents for the
conversion of spiranyl cyclic vinyl iodides to
spiranyl cyclic vinylsilanes through the Wourtz-
Fittig reaction, even though Yus has employed
lithium metal for the synthesis of 6-trimethylsilyl-
1,4-dioxaspiro[4,5]-6-decene [10] .

We have screened the alkali metals Li, Na
and K as electron sources for the formation of a
cyclic vinyl anion. The comparative reactivity of 5
and 6 with alkali metals is given in Table 1.

Table 1. Comparative reactivity of spiranyl cyclic vinyl
iodides with alkali metals

Compound Metal Product Yield, %
5 Lithium 7 81-84
5 Sodium 7 67-72
5 Potassium 7 63-67
6 Lithium 8 84-88
6 Sodium 8 71-75
6 Potassium 8 69-73

The reactions were repeated 10 times for each
substrate and the range of isolated yields is

indicated in Table 1. We have found that metallic
lithium gave better yields over sodium and
potassium.

The best results with lithium metal can be
attributed to the greater solubility of the spiranyl
vinyl lithium ion pairs in anhydrous ether solvent
and also to the controlled reactivity due to their
covalent nature originating from the polarizing
power of the lithium ion. This observation is also in
good conformity with the HSAB theory [15].

We have also tried to extend the methodology to
prepare the five- and eight- membered spiranyl
cyclic vinylsilanes. Reaction of cyclopentanone
with 1,4-dibromobutane and potassium tert-
butoxide gave the dispiro[4.1.4.2]tridecan-6-one as
the major product. In case of cyclooctanone,
though we have isolated the spiro[4,7]dodecanone
and its hydrazone, the corresponding 6-
iodospiro[4,7]dodec-6-ene could not be isolated in
the conditions employed. The structure of the di-
spiro[4.1.4.2]tridecan-6-one was found to be:

To our knowledge, this is the first instance
where spiranyl cyclic vinyl iodides are being used
for the synthesis of spiranyl cyclic vinylsilanes
using the Wourtz-Fittig coupling reaction. The
compound 7 has been reported by Paquette through
the tosyl hydrazone route [4]. To our knowledge the
compound 8 has not been reported. The method we
hereby report is simple and with a high yield. The
spiranyl cyclic vinylsilanes 7 and 8 may serve as
starting materials in the synthesis of the muscone
related group of compounds [16].

4. CONCLUSIONS

A novel route for the synthesis of six- and
seven- membered 6-trimethylsilylspiro[4,n]alk-6-
enes by the Wurtz-Fittig type coupling reaction of
the corresponding spiranyl iodides with alkali
metals  lithium/sodium/potassium and chloro-
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trimethylsilane in good yields is reported. The
compounds could serve as novel spiranyl anionic
synthons.
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HOB MAPHIPYT 3A CMHTE3 HA IIECT U CEAEM ATOMHU INPbCTEHU HA 6-TPUMETWJI-
CUJINJI-CITUPO [4,N] AJIK-6-EHU

M.A. Benkaremia, C. Xapu [Ipacag*

Jlenapmamenm 3a cned-0uniomuu uscieosanus no xumus, Ynusepcumem 6 baneanop, baneanop — 560001, Hnous

Ilocrprmna Ha 14 ronu, 2011 r.; npuera Ha 18 romm, 2011 1.

(Pesrome)

CpoOmiaBa ce 3a HOB MapLIPyT 3a CHHTe3aTa Ha O-TpUMETWI-CHIMI-crupo [4,6] nek-6-eH u 6-TpuUMeTHI-

cuwmmi-ciupo[4,n]  yHAek-6-eH 1O peakuusTa Ha

Wurtz-Fittig mexay 6-iionqocnupo[4,5]nek-6-ex and  6-

Homocnupo[4,6]yHaek-6-eH ¢ ankaiaHu MeTanu and XJIop-TPUMETUII-CHIIaH ¢ 100pu 100uBU. CheIMHEHHUSTA CIYXaT 3a

HOB KJIaC OT CIMPAHUJIHU HUKJIICHU JKMHUJI-HOHHY CHHTOHH.
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Carbon materials with very good mechanical properties and SiC are produced from inorganic-organic polymer
nanocomposite precursors. It was found that the main factor which determines the excellent mechanical properties of
the obtained material is the interaction of the binder (PAN) with the filler (silica and zeolite). The “baking criterion”
was used for estimation of the interaction between filler and binder during formation and heat treatment of the initial
composites. The corellation between the ,,baking criterion” and the compressive strength of the obtained material was
determined. Pressing of the compositions is of big significance for improving the surface contact between the binder

and the filler.

Key words: inorganic-organic polymer, silicon carbide, carbon, silica.

1. INTRODUCTION

The combination of the characteristics of
synthetic polymers (elasticity, reduced density and
easy processability) with those of inorganic
materials (hardness, thermal stability and large
availability) opens new perspectives for obtaining
new materials on the base of inorganic-organic
composites. The synthesis and the applications of
inorganic-organic nanohybrids were developed
mainly in the last decade [1-7]. There are four
important methods for obtaining of hybrids based
on organic polymers and inorganic oxides [8]:

- The polymer and the inorganic component are
formed simultaneously by a process, for example,
sol - gel polymerization process [9-10];

- The polymer is formed by direct
polymerization on the surface or in the pores of the
already synthesized oxide material [11-12];

- The inorganic oxide compound is formed in a
polymer by a sol - gel process (for example,
biomineralization) [13-14];

- Both components are previously prepared and
react one with another and/or form a hybrid
network through interpenetrating reactions [15].

The properties of the obtained materials depend
on such factors as shape and size of the filler
particles, composition of binder and interaction

* To whom all correspondence should be sent:
e-mail: goriva@orgchm.bas.bg

between the components [16].

During the preparation of the composition, part
of the binder molecules are adsorbed on the surface
of the filler particles. These molecules could
interact with the filler surface and with other
substances in the adsorbed part of the binder. It was
found that in order to characterize this interaction, it
is appropriate to use a "baking criterion" proposed
for the assessment of the baking ability of the
pitches [17]. The “baking criterion” permits [18]
the qualitative characterization of the degree of
interaction between filler and binder and is
determined by the expression:

b'*b

where AK = “baking criterion”, %

K= amount of the solid residue of the
composite, %

Ki= amount of the solid residue of the filler, %

K= amount of the solid residue of the binder, %

M= amount of the filler in the composite, %

My,= amount of the binder in the composite, %

AK is the increase in the solid residue of the
binder when it is in the composition with the filler,
and takes into account the interaction between
binder and filler during the preparation of the
carbon material.
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2 EXPERIMENTAL

Raw materials

Mesoporous silica was obtained in the
INCDMNR-IMNR  (National Research  —
Development Institute for Non-ferous and Rare
Metals — Bucarest, Romania) laboratory and was
used as received.

The synthetic zeolite HZSM-5 was supplied by
UPG (University for Oil and Gases — Ploiesti,
Romania) and was used as received.

Inorganic-organic polymer nanocomposite
synthesis and analysis of the products

The inorganic powder (silica, HZSM-5) was
soaked in acrylonitrile (containing 1% azo-bis-
isobutyronitrile based on monomer) in 50 mL glass
ampoules. The monomer was introduced in
different volume/weight ratios to silica (Table 1)
and to HZSM-5 (Table 2), and the ampoules were
purged with nitrogen for 10 min, in order to avoid
the possible inhibition effect of oxygen. Then, the
ampoules were sealed with a rubber tube and were
tightened with a Hoffman clamp. For silica, the
samples were named P1-P6 s-PAN, respectively,
and for HZSM-5 zeolite, the samples were named
P1-P6 z-PAN. Inhibitions were performed in the
sealed ampoules in an Elma S10 Elmasonic
ultrasonication bath containing water, for 1 h. After
that, the ampoules were kept for 24 h at room
temperature without ultrasonication. Finally, a new
1 h ultrasonication was applied. The composite
materials were obtained by the introduction of the
glass ampoules in an ultra-thermostated water bath
at 65°C. Although the initiator concentration
becomes practically 0 after 10 h, the ampoules were
kept 24 h for polymerization, in order to ascertain
that the monomer conversion is practically
complete, eliminating any doubt of monomer
presence in the composite. In these conditions the
polymerization of acrylonitrile within the silica or
HZSM-5 pores occurred.

Thermogravimetry of the composites was
performed on the Q600 TA Instruments analyzer,
using air atmosphere from 20°C to 700°C using
10°C/min rate.

Analysis of heat- treated pellets “baking criterion”
determination

The “baking criterion” was determined by
preparation of pellets from s-PAN and z-PAN
composites using pressing in a press form and
baking the pellets at a heating rate of 1°C/min up to
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800°C. The solid residue from the filler (silica or
zeolite) - K; and from the binder - K, (PAN) was
determined under the same conditions.

Pellets from composites were first heat-treated
up to 1300°C and then up to 1600°C at a heating
rate of 5°C/min. All investigated composites were
characterized by X-ray diffraction analysis on a
Bruker D8 Advance diffractometer using CuKa
radiation, and by scanning electron microscopy on
a Philips 515 instrument. The average crystallite
size was calculated according to the Scherrer
formula by using the Topas V3 programme [19].

3. RESULTS AND DISCUSSION

Compositions of silica/PAN and zeolite/PAN
were prepared in the proportions presented in
Tables 1 and 2.

Table 1. Composition of silica and acrylonitrile samples,
precursors for obtaining nanocomposites

Sample Silica (g)  Acrylonitrile

(mL) (9
P1 silica-polyacrylonitrile 2.0 15 1.20
P2 silica-polyacrylonitrile 2.0 1.8 1.44
P3 silica-polyacrylonitrile 2.0 2.0 1.60
P4 silica-polyacrylonitrile 2.0 2.2 1.76
P5 silica-polyacrylonitrile 2.0 25 2.00
P6 silica-polyacrylonitrile 2.0 2.8 2.24

Table 2. Composition of zeolite and acrylonitrile
samples, precursors for obtaining nanocomposites

Sample Zeolite Acrylonitrile
HZSM-5 (g)

(mb) (9)

P1 zeolite- 2.0 4.5 3.60
polyacrylonitrile

P2 zeolite- 2.0 4.8 3.84
polyacrylonitrile

P3 zeolite- 2.0 5.0 4.00
polyacrylonitrile

P4 zeolite- 2.0 5.2 4.16
polyacrylonitrile

P5 zeolite- 2.0 55 4.40
polyacrylonitrile

P6 zeolite- 2.0 5.8 4.64

polyacrylonitrile

DTG (diffential thermo-gravimetric) analysis of
silica/PAN and zeolite/PAN composites is
presented on Fig. 1. The curves indicate two main
intervals of weight loss, 280-360°C and 440-640°C,
for both composites. The first interval is due to the
beginning of polymer degradation. The second
interval corresponds to processes of deep
degradation, which finish with cyclization of the
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Fig. 1. DTG curves for silica/lPAN (a) and zeolite/PAN (b) composites.

polymer and formation of the final structure of the
material for this stage.

Fig. 1 shows that the temperatures of the
beginning of the main intervals of weight loss
increase with increasing the content of the filler
(silica and zeolite) in the composite. At the same
time the weight loss decreases with increasing the
content of filler in the composite. This is due to the
extended interaction between filler and binder in
the composite ias a result of the increased filler
content. The results reveal a considerable influence
of the interaction between the filler and the binder
in the composite on the processes occurring during
heat treatment of the composite.On the base of the
results of the DTG analysis, the temperature of heat
treatment of pellets of composites for determination
of the “baking criterion” was determined as 800°C,
i.e., when the reaction of degradation is completed
and the synthesis passes through carbonization of
the polymer part of the composite.

., Baking criterion”

Investigations were carried out to assess the
baking ability of PAN in composition with silica
and zeolite. In Tables 3 and 4 data are presented for
the “baking criterion” and the compressive strength
of the composites containing different amounts of
binder.

The yield of solid product from PAN after
heating up to 900°C is 42.1% in argon atmosphere.

The yield of solid product from silica after
heating up to 900°C is 91.1%; from the zeolite it is
81.1%, in argon atmosphere for both.

The vyield of solid product from polymer in the
pellets was calculated using equation:

Yp -V, Yy —aY,
P % px100=(P =3
Yp bYp

where: Y, —solid yield from pellets;

AYp:(

~1)x100

-Ys — solid yield from pure silica at the same
temperature - 900°C;

- Y, —solid yield from pure polymer at 900°C;

-a — amount of silica or zeolite, respectively, in the
composite;

- b —amount of polymer in the composite.

Table 3. Data for the heat treatment up to 800°C of

pellets of silica/PAN composites

Universal V4.7A TA Instruments

Sample Solid Increase of solid  Compressive
yield yield from strength,
% polymer in MPa
pellets, %

Pis 69.5 19.9 4.0
Pas 68.9 23.9 5.0
P3s 68.2 24.5 8.0
Pss 67.2 22.3 7.0
Pss 65.9 20.9 6.0
Pes 63.8 15.3 6.0

Table 4. Data for the heat treatment up to 800°C of
pellets of zeolite/PAN composites

Sample Solid Increase of solid  Compressive
yield, yield from strength,
% polymer in MPa
pellets, %

Piz 62.2 10.4 6.0
P,z 61.9 11.4 7.0
P37 60.3 7.1 6.0
P4z 58.8 3.2 5.0
Ps 58.7 5.2 5.0
Psz 57.6 3.7 5.0

These data indicate that due to the interaction
between polymer and silica or zeolite, respectively,
the solid yield from the polymer in the composite
(especially as pellets) significantly increases in
comparison with the solid yield from pure
polymers. It seems that the increase of the solid
yield depends on the proportion of the polymer and
silica or zeolite, respectively, in the composite. The
data show that, with the increase in binder content
in the composite, AK increases to a definite value.
The further increase of the binder amount results in
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a decrease of AK. When increasing the solid yield
from polymer in the composite, the compressive
strength of the obtained material increases.
Obviously, there is a correlation between the solid
yield from the polymer in the composite and the
compressive strength of the final material. The
lower increase of the solid yield from PAN in the
composite with zeolite, in comparison with the
composite with silica, is in the result of the much
higher amount of PAN in these composites. The
mechanical properties of the samples obtained for
silica/PAN and zeolite/PAN composites are very
good. The data show that the mechanical properties
of the pellets obtained from the silica/ PAN
composite, are better than these of the pellets
obtained from the zeolite/PAN composite.

This is due to the higher proportion of the filler
in the silica/PAN composite, which leads to
stronger interaction between the filler and the
binder, and a subsequent increase in the mechanical
strength of the obtained material. This is also
confirmed by the values of the “’baking criterion”,
which correlates with the mechanical strength
characteristics of the material.

In order to increase the mechanical strength and
to obtain SiC, after determination of the “baking
criterion”, the pellets were first heated up to
1300°C, and then up to 1600°C. As a result, the
mechanical strength of the pellets was increased up
to 10 MPa. In Figs. 2 and 3 the results from the
XRD investigations of the pellets obtained from
silica/PAN and zeolite/PAN composites heated first
up to 1300°C (Fig. 2) and then up to 1600°C (Fig.
3) are presented.

Fig. 2 shows the X-ray diffraction spectra of
pellets obtained from silica/PAN and zeolite/PAN
composites heated up to 1300°C. In the XRD
pattern (Fig. 2) of a pellet obtained from a
zeolite/PAN composite, a peak at 20=24° was
detected. This peak corresponds to the 002 reflex of
carbon and it is characteristic of the interlayer
spacing in graphite. In this case the peak 002 is
more narrow and asymmetric, indicative of highly
ordered structure, than in the case of pellets
obtained from silicayPAN composite. The main
reason for this is the significantly higher filler
content in silica/PAN composites in comparison
with zeolite/PAN composites, because the filler
particles hinder the structuring of the material and
the formation of bigger crystallites during thermal
treatment.

Fig. 3 shows the X-ray data for a material
obtained from silicas/PAN and zeolite/PAN
composites and heated up to 1600°C. The data

162

intensity, a.u.

Fig. 2. X-ray diffraction patterns of pellets heated up to
1300°C.

«SiC - silica/PAN

10000 . zeolite/PAN
8000 A
S 6000 -
©
=2
% 4000 -
= * SiC
* SiC
2000 - « SiC {
Sic
i "
o0 A
T T T T T T Y
10 20 30 40 50 60 70 80

20.°

Fig. 3. XRD of the material obtained from composites
silica/PAN and zeolite/PAN.

show that as a result of heat treatment, SiC is
obtained from both composites (silica/PAN and
zeolite/PAN).

6. CONCLUSIONS

These preliminary results point to the possibility
of producing materials with high compressive
strength by formation of pellets from inorganic-
organic polymer nanocomposites and heating them
up to 1300°C, as well as for the synthesis of SiC by
heating the pellets up to 1600°C. Major factor
which  determines the excellent mechanical
properties of the obtained materials is the
interaction of the binder (PAN) with the filler
(silica or zeolite) — this interaction can be estimated
by means of the “baking criterion”. Pressing of the
compositions is of big significance for improving
the surface contact between the binder and the
filler.
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BBIVIEPOAHN MATEPHNAJIM HA OCHOBATA HA OPTAHO-HEOPI'TAHWUYHU ITOJIMMEPHU
HAHOKOMITIO3UTHU ITPEKYPCOPU

AL Yupumow', b. HI/IHHapCKI/IZ, K. Crarapy , B. HeTpOBaZ, T. Ey}lI/IHOBaZ*, A. Cap6y', ]I. Teonocues®, H. HeTpOB2

' Hayuonanen uncmumym 3a uscnedéane u paseumue no xumus u nempoxumus, JJenapmamenm no nomumepu,
byxypew, Pymonus
2PIHcmumym no opeanuuna xumus, bvaeapcka axaoemus na naykume, 1113 Cogus, Bvaeapus,
® Unemumym 3a kocmuuecku uscredsanus u mexrono2uu, Buizapeka akademus na naykume, 1000 Cogpusi, Bvreapus,

IMonyuena Ha 7 o 2011 r., npuera Ha 19 HoemBpu 2011

(Pesrome)

bsixa monydeHu BBIIeponHu matepuanu U SiC ¢ MHOro 100pu MEXaHWYHH CBOMCTBA, M3MON3BAiiKu OpraHo-
HEOpraHWYHH IOJMMEPHH HAaHOKOMIIO3MTHH IIPEKypcopH. belle ycTaHOBEHO, 4e OCHOBHHAT (DAKTOp, ONpeesIsii
OTJIMYHUTE MEXaHWYHHM XapaKTePHCTHUKH Ha MOJYYCHMs MaTepHal € B3auMOJEHCTBHETO Ha CBBP3BAIOTO BEIIECTBO
(PAN) ¢ meaautens (SiO, wnmm 3eomut). Be w3mons3BaH T. Hap. ,,KpUTEpUil 3a ChmeKaeMocT” 3a OICHKA Ha
B3aUMO/ICHCTBUETO MEX/Y HIBJIHUTEIS W CBHP3BALIOTO BELIECTBO B Mpoleca Ha (opMupaHe Ha KOMIIO3UTUTE MU
TepMHU9YHaTa UM 00paboTka. be ycraHOBEeHa 3aBHCHMOCT MEXIYy “KPHUTEpHS Ha CIIEKaeMOCT W MEXaHWYHATa Cjia Ha
SIKOCT Ha MOJIyueHHs: MaTepuai. [IpecoBaHeTo Ha KOMIIO3UIIMUTE € OT rOJIIMO 3Ha4Y€HHE 3a M0J00psBaHe Ha KOHTAKTa
MEX/1y MOBbPXHOCTUTE Ha CBHP3BAIIOTO BEIIECTBO U Ha MIBJIHUTEIIS.
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Composite materials are of fundamental importance in view of their unique properties and possibilities for
applications. In this connection wood polymer micro- and nanocomposites for electromagnetic wave protection on the
basis of lignocelluloses modified with Cu-S reduction systems and metal and metal oxides binding substances on the
basis of recycled polyol from polyethylenterephtalate and isocyanates are highly effective new materials with special
properties. An original method for in situ coordinative binding of cupro ions with lignocellulose using a three-
component cuprous reduction system was developed. Binders from polyester polyols on the basis of waste
polyethyleneterephtalate magnetic tapes after glycolysis, and polyisocyanate (p-MDI) were obtained. The reactions of
complex formation as well the synthesis of metal and metal oxide binder systems for lignocellulose were investigated.
Composites of modified flour and binders were produced by pressing. The optimum conditions - 110°C, 20 min and
15000 kg/cm? pressing were established. Modified wood polymer composites possess good physical-mechanical
characteristics, low electrical resistivity and high electromagnetic wave protection. Coordinative binding of copper ions
with the oxygen atoms of cellulose OH groups and aromatic nucleus in the lignin macromolecule was observed. The
new nanocomposites with microwave electromagnetic absorption properties could be used in radiotechnics, electronic

industry, automobile building and others.

Keywords: lignocellulose, wood, nanocomposites, cuprous sulfide, electromagnetic wave protection

INTRODUCTION

In recent years, increased use of wood polymer
composites in technique and everyday life is
observed. In this respect nanoscience and
technology give unique possibilities for creating
various combinations of new materials. The metal-
containing  nanocomposites and  polymeric
nanocomposites in particular, with their unique
physical and chemical properties, as well as broad
areas of application, have attracted great interest
[1].

Composites based on polymers with conductive
fillers are in the research focus of numerous studies
as a part of a growing research trend. Polymers
based on renewable materials with addition of
chosen materials can be directly used as advanced
materials [2].

Composites  with  improved  parameters,
including toughness, thermostability, and other
specific properties, can be obtained by adding
mineral fillers, metals, and fibers to polymers.
Recent progress is being marked by the
development  of  nanocomposite  materials

* To whom all correspondence should be sent:
e-mail: nenkova@uctm.edu
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comprising a low percent of filler that have much
larger intrinsic surface area, hence better
parameters than conventional composites [3].

A great variety of inorganic layered materials
can be used both as matrices or additives to
polymers, with possibilities for obtaining a wide
range of new hybrid nanocomposite materials [4].

An original method for obtaining metal-
containing polymers by thermal decomposition of
precursors (mainly metal carbonyls) in solution or
melt has been published. A strong interaction
between the nanoparticles and the polymer chain
occurs in such nanocomposites at the level of
chemical bonding. Electronically dense individual
or aggregated metal-containing particles have been
observed [5,6].

Recently, special attention has been paid to
nanocomposites containing metal-organic
derivatives on the basis of macromolecular metal
complexes of ruthenium, palladium, platinum, etc.
[7,8,9,10].

Nanocomposites allow the production of
superconducting articles. It has been noted that the
investigations in this field open possibilities of

© 2012 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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obtaining new materials with unique properties [10,
11, 12].

The method of direct precipitation of colloidal
dispersed additive layers and their encapsulation
into the polymer matrix has been recommended as
one giving a lot of possibilities for the application
of the obtained materials [13]. A new method for
in-situ synthesis of precious nanoparticles using
cellulose supports has been developed [14].

Methods for modification of fabrics with
electroconductive pigments on the basis of copper
sulfide polymer dispersion have been developed;
these include new electro-conductive
polyacrylonitrile (PAN) pigments with coordinative
binding of nanostate copper sulfide into the PAN
matrix for microwave protection [15].

Recently, investigations connected with copper
sulfide coating on polyacrylonitrile with a chelating
agent of triethanolamine [16] and
ethylenediaminetetraacetic acid [17] by an
electroless deposition method and its EMI shielding
effectiveness have received great interest. The
literature study showed that obtaining of new
metal-containing nanocomposite polymeric
materials with improved electroconductivity and
microwave absorption ability is a question of
increased interest and is very useful for the
production of articles that can provide
electromagnetic wave protection.

In this study, copper sulfide-containing
nanolignocelluloses  with  improved electro-
conductivity and microwave absorption ability were
developed and on this basis polymer composites
with special properties for electromagnetic wave
protection were obtained.

The investigations aimed at:

-developing methods for obtaining of copper

sulfide lignocellulose nanocomposites;

-establishing the probable mechanisms and
schemes of delaying and subsequent
inclusion of copper sulfides in the
lignocellulose matrix;

-obtaining and characterization of recycled
polyols on the basis of PET film tapes and
corresponding binder substances;

-obtaining and characterization of wood
polymer Cu(l) containing composites.

EXPERIMENTAL

Development of methods for obtaining of copper
sulphide lignocellulose nano-composites

The development of methods for obtaining
copper sulfide lignocellulose nano-composites is
based on the fact that copper (Cu*) sulfide as an

additive to polymers imparts high
electroconductivity. The latter, as an indirect index
for dielectric losses, shows that the corresponding
new materials will possess microwave absorption
properties. A higher effect could be achieved with
nano copper sulfide, which is situated as a net in the
lignocellulose matrix. In this sense the development
of methods is based on performing chemical
modification on different kinds of lignocellulose
materials — wood flour (WF), wood fibrous
materials (WFM), and waste cellulose fibers WCF)
— with aqueous solutions of copper compounds and
sulfur-containing reduction systems in suitable
quantities and ratios under definite process
conditions. Such conditions will give possibilities
for a reduction of Cu*? to Cu*! ions to take place
with subsequent coordinative precipitation in
lignocellulose matrices.

In the present work the following lignocellulose
materials were used:
e wood flour (WF);
e wood fibrous material (WFM), produced in

Lesoplast AD, Troian (Bulgaria);
o waste cellulose fibers (WCF)

production.

by paper

Basic Variants for Chemical Modification Process

on Lignocelluloses

By previous experiments (varying the kind and
composition of components) two variants for
experimentation were set:

e using a three-component system (cupric sulfate
pentahydrate (CuSO,. 5H,0); sodium thiosulfate
pentahydrate (N3S,03.5H,0); glyoxal
(OCHCHO) );

e using a two-component system (cupric sulfate
pentahydrate (CuSQO,.5H,0); sodium thiosulfate
(N,S,03.5H ,0).

e The following indicators for optimization of the
methods were used:

e amount of waste water;

¢ content of copper and sulfur in the waste water;

e content of copper and sulfur in the modified
lignocelluloses.

IR spectra of non-modified and modified
samples were recorded on a Perkin Elmer FTIR —
GX apparatus, having a spectral range of 4000 to
350 cm™ and a resolution of 4 cm™.

Modification with a Three-Component System

The three-component system comprised cupric
sulfate  pentahydrate (CuSO4.5H,0), sodium
thiosulfate (N2S,03.5H,0); and glyoxal
(OCHCHO) can be characterized as follows:
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Table 1. Copper-containing Lignocelluloses, Modified with a System of Three Components

No Conditions of Copperin  Sulfurin Copper in Sulfurin Specific electric volume
- modification sample, % sample, % filtrate, mg/l filtrate, mg/l resistance, Q.m
Non - modified wood 8
1. fibers (WF) 0.0006 0.33 - - 8.25x 10
Non - modified waste 7
2. cellulose fibers (WCF) 0.0007 0.25 ) i 5.7x10
Non - modified wood g
3. flour (WF) 0.0009 >0.05 - - 8.7x10
4. M°d'f'ec("v‘\’/";’)°d fibers 3.786 >0.05 362.0 103.0 1.65 x 108
Modified waste cellulose 7
5. fibers (WCF) 4.319 1.92 5.0 69.0 1.11x10
6. Modified wood flour (WF 5.058 1.79 1380.0 116.0 1.95 x 10°

e the reduction process had a very strong
effect on the wood fibrous materials
(WFM), and therefore the sulfur content in
the modified material was insignificant;

o on the waste cellulose fibers (WCF) the
Cu*? ions were reduced to Cu*;

e on the modified wood flour (WF) the
reduction yielded not only Cu,S but also

copper particles, hence the reduction
process was most strongly expressed in that
case.

Lower copper and sulfur contents in waste
waters were observed with modified wood fibrous
materials (WFM) in comparison with those of
modified wood flour (WF).

The specific electric resistance decreased in the
order 0.5 to 1.0 after modification of the three
different lignocelluloses.

The results obtained with the three-component
system cuprous sulfate (CuSQ45H,0), sodium

thiosulfate (N2S,03.5H,0), and glyoxal
(OCHCHO) unambiguously pointed to the
possibility  of obtaining Cu-  containing

lignocelluloses.

Establishment of probable mechanisms and
schemes of delaying and subsequent connection of
copper sulfide in the lignocellulose matrix

The scheme of the reduction process is as
follows:

Cu*?+1e - Cu"

258" - 2.2¢"—» 28"

2CuS0O, +2Na28203 = Cu,S + 2Na,S0O, + 3S0,

A peak at 400 cm™, representative of metal-
oxygen ligands, was observed in the IR spectra of
modified wood flour and of modified wood fibers
(Fig. 1, a,b,c).
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Fig. 1. IR spectrum of: a) non-modified (1) and
modified (2) wood flour with system of three
components (40% addition based on wood flour); b)
non-modified (1) and modified (2) wood fibers with
system of two components (30% added based on wood
fibers); and ¢) non-modified (1) and modified (2) wood
fibers with system of two components (40% added based
on wood fibers).

These ligands are probably resulting from the
coordinative binding of copper ions to oxygen
atoms of cellulose -OH groups (Fig. 2) and
aromatic nucleus in the lignin macromolecule (Fig.
3).

A similar model for Cu*® complexes with the
lignin model compound vanillin was given by
Kozlevcar (2005). The binding of copper ions via
methoxy oxygen atom and deprotonated hydroxy
oxygen atom in nuclear species confirmed the
binding role of copper to lignin (Zhang 2005). It is
possible for lignocellulose materials to give
evidence of physical adsorption to copper ions.

Obtaining and characterization of recycled
polyols on the basis of PET film tapes and
corresponding binder substances; and obtaining
and characterization of wood polymer cuprous
containing composites.

Obtaining of binder substances on the basis of
PET magnetic tapes

The PET waste tapes were recycled by
glycolysis using diethylene glycol, adipine acid and
glycerol. The obtained polyols were characterized
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by hydroxyl number (DIN 53240); acid number and
viscosity at 25°C (DIN 3219).

The synthesis of the polyurethane binder was
conducted on the basis of recycled polyols and
dipheylmethane-4-4-diisocyanate  (MDI)  under
conditions for obtaining of binders with free
isocyanate groups. Such binders will be able to
interact with the hydroxyl groups of lignocellulose
materials. The reaction was conducted at an
equivalent ratio 1:1 of the two components, at 80°C
in vacuo with subsequent drying at the same
temperature for 24 hours with a view to promote
the polymerization process. The obtained product
was ground in a laboratory mill and was
characterized by DSC, isocyanate content
(DIN53185) and rheological characteristics.

Obtaining and methods for characterization of
wood polymer composites (WPC)

Materials: Wood flour (BDS 3718) — conifer
wood, particle size 140 pum, acidity 0,030 %, tarry
substances 2%, specific volume 8 dm®/kg, humidity
5%, cork content 0.34%;

Wood flour modified using the three-component
system CuSO,: Na,S,05: C,H,0, = 1.6:1.4:1, at a
hydro module of soaking 1:10, 100°C temperature
for 30 min. Laboratory-made WPC by pressing.

WPC were characterized with regard to:
physical and mechanical properties such as tensile
strength, elongation at break, modulus of elasticity
and others (apparatus Zwick 2000, Zwick GmbH &
Co. KG, Ulm, Germany) and electroconductivity by
determination of specific electrical volume
resistance (apparatus Teralin 1ll, BDS HD 429
$1:2003).

The following parameters for determination of
electromagnetic characteristics of wood polymer
composites were used: complex dielectric
permittivity (¢), reflection coefficient on module |I'|
and damping coefficient o, dB/cm.

Results and discussion
Aromatic polyester polyols (APP)

The results of the characterization of the
obtained APP are presented in Table 2.

Binder substances (BS)

The synthesis of a polyurethane binder was
conducted on the basis of recycled polyols and
diphenylmethane-4-4-diisocyanate (MDI) at an
equivalent ratio 1:1 of the two components. The
results from the DSC of BS are summarized in
Table 3. On the basis of these results, BS number 4
is recommended for obtaining of WPC because the

exothermic peak of 127.5°C is at a lower
temperature and with wider interval. Comparing
this with other binder substances it is clear that
there is a higher possibility for a reaction between
the hydroxyl groups of lignocellulose materials and
NCO groups of BS and therefore for obtaining of
WPC with high physical-mechanical indexes.
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Table 2. Indexes of APP

Recipe of APP

Index Measure APP1 APP2 APP3 APP4
OH-number mgKOH/g 416 341 326 325
acid number mgKOH/g 036 0.85 0.60 0.79
Viscosity by mPa.s 860 1160 1540 6360
oscillation
Viscosity by mPa.s 760 1100 1500 5980
rotation

Table 3. Indexes of BS by DSC

Index
Binder Temperature of glass., [°C]  Temperature
substance 1 2 of reaction
ability, [°C]
BS Nel 45.7 78.3 152.5
BS Ne2 52.4 67.9 158.7
BS Ne3 37.6 39.8 140.5
BSNe4 37.2 76.4 1275

Wood polymer composite materials

The parameters of the obtained WPC are given
in Table 4, the physical-mechanical indexes of the
WPS - on Figs. 4-7, and the specific electrical
volume resistance — on Fig. 8.

|| Onon modified WF, 130°C, 10 min

B modified WF, 130°C, 10 min

B modified WF, 120°C, 15 min

38 O modified WF, 110°C, 20 min
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Fig. 4. Tensile strength as a function of BS%

Onon modified WF, 130°C, 10 min

Qmodified WF, 130°C, 10 min

16— DOmodified WF, 120°C, 15 min
O modified WF, 110°C, 20 min

Elongation at break, %

ANUUENNRRRNRAANNANNNNNNNNNNNNY]
[LLLLLLLILL LTI LTI 7T 7 7 77772

A

a8

Binder substance, %

Fig.5. Elongation at break as a function of BS%

Series 1 includes WPC based on non-modified
wood flour (WF) and BS (5% to 90%) after
pressing at 130°C for 10 min;

Series 2 includes WPC based on modified wood
flour (WF) and BS (5% to 90%) after pressing at
130°C for 10 min;
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Fig. 8. Specific volume resistance as a function of
BS%

Series 3 includes WPC based on modified wood
flour (WF) and BS (5% to 90%) after pressing at
120°C for 15 min;

Series 4 includes WPC based on modified wood
flour (WF) and BS (5% to 90%) after pressing at
110°C for 20 min;

The experimental data shown in Fig. 4 reveal the
following correlations:

- the tensile strength of WPC based on non-
modified WF after pressing at 130°C for 10 min
increases at a higher quantity of BS;

- the tensile strength of WPC based on modified
WEF for all variants of pressing exceeds that of
WPC based on non-modified WF.

The highest values are achieved at 110° C for 20
min and 90 % BS.
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Table 4. Parameters of the obtained WPC

Components, %

Pressing conditions

Components, % Pressing conditions

WF BS T Duration Modified BS T Duration
Ne  Sample i Ne  Sample WE i
Non Mod. (°C) (min) (°C) (min)
mod.

1 MIP 95 - 5 130 10 21 M21P 95 5 120 15
2 M2P 90 - 10 130 10 22 M22P 90 10 120 15
3 M3P 80 - 20 130 10 23 M23P 80 20 120 15
4 M4P 70 - 30 130 10 24 M24P 70 30 120 15
5 M5P 60 - 40 130 10 25 M25P 60 40 120 15
6 M6P 50 - 50 130 10 26 M26P 50 50 120 15
7 M7P 40 - 60 130 10 27 M27P 40 60 120 15
8 MS8P 30 - 70 130 10 28 M28P 30 70 120 15
9 M9P 20 - 80 130 10 29 M29P 20 80 120 15
10 MI10P 10 - 90 130 10 30 M30P 10 90 110 15
11 MI11P - 95 5 130 10 31 M31P 95 5 110 20
12 MI12P - 90 10 130 10 32 M32P 90 10 110 20
13 MI13P - 80 20 130 10 33 M33p 80 20 110 20
14 M14P - 70 30 130 10 34 M34pP 70 30 110 20
15 M15P - 60 40 130 10 35 M35P 60 40 110 20
16 MI16P - 50 50 130 10 36 M36P 50 50 110 20
17 MI17P - 40 60 130 10 37 M37P 40 60 110 20
18 M18P - 30 70 130 10 38 M38P 30 70 110 20
19 MI19P - 20 80 130 10 39 M39P 20 80 110 20
20 M20P - 10 90 130 10 40 M40P 10 90 110 20

The same correlations (Figs. 5-7) are observed
for the indexes - elongation at break, modulus of
elasticity and bending strength.

Differences however are observed between
modified and non-modified WF. It is worth noting
that the optimal indexes of elongation at break,
modulus of elasticity and bending strength are
observed with series 4 (WPC obtained at 110°C for
10 min with 90% BS). Physical-mechanical indexes
of WPC in all series increase upon increasing % BS
quantity.

The experimental data shown in Fig. 8 reveal the
following correlations:

- the specific electrical volume resistance
insignificantly decreases with the increase in the %
content of BS in series 1 with non-modified WF;

- for series 2, 3 and 4 the specific electrical
volume resistance of modified WF significantly
decreases in comparison with non-modified WF.
The best results are achieved with series 4.

Highest electroconductivity (lowest values of
specific electrical volume resistance) is achieved
with WPC (obtained with modified WF 5 % and BS
90 %, after pressing at 110 ° C for 20 min).

WPC  (series 4) were subjected to
electromagnetic wave characterization (microwave
absorption properties — electromagnetic wave
damping — from 9 to 6 dB and standing wave
coefficient — from 2,57 to 1.13). These data show

that WPC with a Cu-containing lignocellulose
nanocomposite component and N-containing binder
substance (BS) possess high electromagnetic wave
absorption. The obtained results confirm the idea
for coordinative binding of Cu,S with the N-
containing polymer components.

CONCLUSIONS

Treatment with a system of three components,
comprising cupric sulfate pentahydrate
(CuS04.5H,0), sodium thiosulfate pentahydrate
(Na,S;03.5H,0), and glyoxal (OCHCHO) at
ambient pressure and 90° C is very effective for
modification of waste cellulose fibers and to some
extent wood flour.

IR spectral data confirmed the coordinative
binding of copper ions with the oxygen atoms of
OH groups in cellulose and in the aromatic nucleus
of the lignin macromolecule.

A treatment for modification of wood flour with
a three-component cuprous reduction system was
conducted. Wood nanocomposites containing Cu-
3.21% and S-1.07% were obtained.

Binder substances were prepared on the basis of
recycled polyols from PET waste tapes and
diphenylmethane-4-4-diisocyanate (p-MDI).

On the basis of non-modified and modified wood
flour and binder substances Cu-containing
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nanocomposites with high electroconductivity and
electromagnetic wave absorption were prepared.
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IHOJIMMEPHHN KOMIIO3UTU 3A EJIEKTPOMAI'HUTHA BBJHOBA 3AIIUTA HA
OCHOBA HA JIMTTHOIEJIYJIO3A CBABPXKAIIA MEJIEH CYJI®U]

I1. H. Benes, C. K. HenkoBa, M. H. KyneBcku
Xumurxomexuonoauuen u memanypeuuer ynusepcumem, Coghusa 1756, 6yn. ,, Ce. Kn. Oxpuocku” Ne8, bvreapus
TocTenmna Ha 4 aBryct 2011 1., mpuera Ha 17 stHyapn 2012

(Pesrome)

KoMmnosutHuTe MarepHaiy MNPEAU3BUKBAT TOJIIM HHTEpEeC IOpagd TEXHUTC YHHUKAJIHH CBOWCTBA H
BB3MOXKHOCTH 32 IIPIIIOKEHHE. B Ta3u Bpb3Ka AbPBECHOMOIMMEPHUTE MUKPO- H HAHOKOMIIO3HUTH 3a €IeKTPOMAarHiTHA
BBJIHOBa 3alllUTAa HA OCHOBaTa HA JIMTHOLENYJI03H, Moauuuupanu ¢ CU -S cHCTEeMH M MeTal OKCHIHH CBBP3BAIIH
BeIleCTBa Ha 0a3a PELUKIMPAHH IIOJHONIH OT IOJIMETHICH TepedTanaT M W30LMAHATH, Ca BHCOKO ¢(EKTHBHH HOBU
Marepualli che crieluuiHu cBoiicTBa. Pa3paboTeH e opuruHajieH MeTo 1, OCHOBAaBalll Ce Ha KOPAMHATUBHO CBBP3BaHE
in situ Ha Kynpo HOHU ¢ TUTHOIETYI03a Ype3 TPUKOMITIOHCHTHA PEAYKIIMOHHA CHCTEMA.

[MonyueHun ca cBBp3BalllM BEIIECTBA OT IIOJMOJIM, Ha OCHOBaTa Ha OTMAJHU IOJUETHIICH TepedTanaTHU
MarHUTHH JICHTH 4pe3 TIHKOJu3a, U mojuu3oiuanat ( p-MDI). M3cnenBanu ca peakiuuTe Ha KOMILUIEKCOOOpa3yBaHe U
TE3U Ha CUHTE3 Ha METAJIOKCUIHUTE CBBP3BaIlld CUCTEMH 3a JIMTHOLETYJI03H.

[MonayueHn ca KOMMO3UTH OT MOJUMUIMPAHOTO OpAaIIHO M CBBP3BALIMTE BEIIECTBA Ype3 IPECOBAHE.
VCTaHOBEHH Ca ONTHMANHATE ycioBus Ha npecoBame - 110° C, 20 mummytn m 1500 xg/cm? Momuduumpannute
IBPBECHONOIMMEPHH KOMIIO3UTH IIPUTEKABAT BHUCOKM (PU3MKOMEXAHWYHH IIOKA3aTENH, HUCKO eJEKTPUYECKO
CBIPOTHBJICHHE U BUCOKA SICKTPOMATrHUTHA BBJIHOBA 3alHTA.

VYCTaHOBEHO ¢ KOPJMHATHBHO CBBP3BaHE Ha MEIHUTE HOHM C KUCIOPOAHHUTE aTOMM Ha IenynozHute OH
TPYIH M apOMaTHUTE Spa B MAKPOMOJICKYJIUTE Ha JIUTHUHA.

HoBuTe HaHOKOMIO3WUTH C BHCOKA EJISKTPOMAarHWTHa BBJIHOBAa abcopOLus MoraT na ObJaT M3MOJI3BAaHH B
€JIEKTPOTEXHHUKATA, eJIEKTPOHUKATA, AaBTOMOOMIIOCTPOCHETO U B MHOT'O IPYI'M OTPACIIM HA TEXHUKATa U OuTa.
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A novel method is proposed for the solvent extraction spectrophotometric determination of palladium(ll) using low
concentration of o-methylphenyl thiourea (OMPT). OMPT in chloroform quantitatively extracts trace concentration of
palladium(l1) at 0.8 moldm™ hydrochloric acid media which requires only 10 s equilibriation time, the absorbance of
yellow coloured palladium(I1)-OMPT complex is measured at 340 nm. Complex is stable for more than 70 h. The
composition of extracted species is 1:1, determined by mole ratio, job’s continuous variation method and it is confirmed
by log-log plot. Beer’s law is obeyed in the range of 0.01 pgem™ to 15.0 pgem™. The molar absorptivity and sandell’s
sensitivity are2.85x10°dm®mole*cm™and 0.037 pgem™. Method is free from large number of interferences from cations
and anions. The method is applied for separation of palladium(Il) from multicomponent mixtures and hydrogenation

catalyst.

Keywords: Palladium(ll), o-methylphenyl thiourea, extractive spectrophotometry.

1. INTRODUCTION

Palladium(I1) and its alloys have a wide range of
applications in chemical industries. With the
increasing use of palladium(ll) in jewellery and
cosmetic dentistry in the form of alloys [1, 2], the
need arose for development of selective, sensitive,
simple, rapid method for quantitative separation
and determination of palladium(ll). Several
analytical techniques Viz. AAS, ICP-MS, X-ray
fluorescence and spectrophotometric methods are
available for determination of palladium(Il).
Amongst the methods available for determination
of palladium(Il) the spectrophotometric methods
are preferred because these are cheaper, easy to
handle, requires less time and with desired
accuracy.

2-hydroxy-1-naphthelene carboxaldehyde
hydrazine carboxamide [3] has been used for
spectrophotometric determination of palladium(lI).
Beer’s law obeyed over the range of 0.55 pgem™to
250 pgem® A red colored complex of
palladium(1l) with PAR [4] is formed at pH 9.0 to
11.0 and quantitatively extracted into molten
naphthalene. This method has interferences from
cobalt(ll), iron(l) and bismuth(lll) and was
removed by masking with EDTA. 13-

* To whom all correspondence should be sent:
e-mail: shashil7@gmail.com
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Bis(hydroxymethyl)benzimidazole-2-thione [5] was
used for extractive spectrophotometric
determination of palladium(ll) from hydrogenation

catalysts. palladium(ll) complexed with 1-(2-
pyridylazo)-2-napthol (PAN) [6] in aqueous
solution was extracted into chloroform.

Components of nonferrous alloys interfere in
determination of palladium (1).3-
phenoxybenzaldoxime [7] was used for extractive
photometric determination of palladium(ll) and
method was applied for determination of
palladium(l1) from catalysts and synthetic mixtures.
Hexane 2-5-dione-bis-(ethylenediamine) [8] forms
pink colored complex with palladium(ll), was
quantitatively extracted at pH 3.5. Extractive
spectrophotometric  determination method was
developed for palladium(ll) using 2-hydroxy-3-
nitro-5-methyl acetophenone oxime [9].
Palladium(Il) was quantitatively extracted from pH
0.0-4.0. The proposed method for extraction
spectrophotometric determination of palladium(ll)
using OMPT as a new reagent when compared with
other extractive spectrophotometric methods it is
found to be more sensitive and selective [10-25]
(Table 1).

© 2012 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table 1.

Companzon of present method with other sxtractive spectrophotometric determimation methods of palladim(TT)
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2. EXPERIMENTAL
Instrumentation

A digital spectrophotometer model EL-159
[Elico Make] with matched 10mm quarts cells was
used for absorbance measurements.

Reagents

All of the reagents used were of analytical
reagent grade unless otherwise stated. A standard
stock solution of palladium (1) has been prepared
by dissolving 1.0 g palladium (Il) chloride
(PdCl,)(Loba.Chem.) in 1.0 moldm™ hydrochloric
acid and diluted to 250 cm® in a calibrated flask
with water and was standardized by gravimetric
method [27]. A working standard solution of
palladium(ll) 60 pgem™ was prepared by diluting
the standard stock solution with water. O-methyl
phenyl thiourea [OMPT] has been prepared using
method reported by Frank and Smith [28]. The
working reagent solution (1.0 x 10“moldm™) of
OMPT was prepared in chloroform. Other standard
solutions of different metal ions were prepared by
dissolving their respective salts in water and diluted
suitably. Double distilled water was used
throughout the work.

Recommended procedure

To an aliquot of solution containing 60 pg
Pd(I) in a 25 cm® calibrated flask, enough
hydrochloric acid and water were added to adjust
acidity 0.8 moldm™ with respect to hydrochloric
acid and diluted up to mark with distilled water.
The aqueous solution was equilibriated with 10
cm®, 1.0 x10™ moldm™ o-methyl phenyl thiourea
[OMPT] in chloroform for 10 s, in a 125 cm®
separatory funnel. These two phases were allowed
to separate and yellow colored palladium (l1)-
OMPT complex in organic phase was dried over
anhydrous sodium sulphate. The total volume of
organic phase was made 10 cm?® and absorbance of
palladium(11)-OMPT complex in organic phase was
measured at 340 nm against the reagent blank.

3. RESULTS AND DISCUSSION
Absorption Spectra

The  palladium(I)-OMPT  complex in
chloroform shows the absorption maxima at 340
nm, whereas absorption spectrum due to reagent
blank is negligible (Fig. 1) therefore, all the
absorbance measurements were made at 340 nm
against reagent blank for further spectrophotometric
determination of palladium(ll)
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Effect of acidity

The extraction of palladium(ll) was studied
using different mineral acid media [hydrochloric,
sulphuric, nitric and perchloric acid] using
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Fig 1. Absorption spectra of Pd(I1)-OMPT Complex vs.
OMPT reagent blank. Pd (11)-2.5 ug cm™,5.0 pg cm™>7.5
pgem™,10.0 pgem®; OMPT- 1.0x10™ mol dm™®;
hydrochloric acid - 0.8 moldm’ 3, shaking time 10s.
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Fig 2. Effect of acidity on extraction of Pd(I1)-OMPT
complex. Pd(11)-6.0 ug cm®, OMPT 1.0 x 10 mol dm,
A max, 340 nm, shaking time 10s.

1.0 x 10™mol dm™ reagent (OMPT) in chloroform,
in a range of 0.1 to 10.0 mol dm® acid
concentrations. Complexation was observed in all
acids studied but complete complexation of
palladium(Il)-OMPT complex with maximum
absorbance was observed in the range 0.8 — 8.0
mol dm?® hydrochloric acid media (Fig. 2)
Therefore 0.8 mol dm™® hydrochloric acid
concentration was used for further extraction study.

Choice of solvent

Toluene, xylene, benzene, n-hexane, n-butanol,
n-butylacetate, chloroform were tried for the
extraction of palladium(I1)-OMPT complex (Fig.3).
Amongst the solvents employed for solvent
extraction spectrophotometric determination of
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palladium(ll) chloroform was selected with

maximum extraction effectively.
Effect of reagent concentration

The effect of reagent concentration was studied by
varying OMPT concentration from 1.0 x 10®° mol
dm®to 1.0 x 10° mol dm?in chloroform. It was
observed that the absorption of palladium (I1)-
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o o o o o
5 & o © o o
2 8 8 2 ® =&

o
o
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solvents

Fig 3. Effect of various solvents on extraction of Pd(ll)-
OMPT complex. Pd(Il) 6.0 pgem™; OMPT-1.0 x 10*
mol dm™ , hydrochloric acid 0.8 mol dm™, A . = 340
nm, shaking time 10s.

DO T=-00Th

o 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
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Fig 4. Effect of reagent concentration on extraction of
Pd(11)-OMPT complex. Pd(Il) 6.0 pg cm™®; OMPT 1.0 x
10” to 1.0 x 10 mol dm™, hydrochloric acid 0.8 mol
dm, shaking time 10s.

OMPT complex increases with increase in
concentration of reagent from 1.0 x 10° mol dm?
to 1.0 x 10* mol dm™® after this range it become
constant with no any adverse effect of excess
reagent  concentration on  absorbance  of
palladium(11)-OMPT complex (Fig. 4).

Effect of equilibration time and stability of complex

The study of change in absorbance with
variation in equilibration time was carried out over
5 s to 30 min. It has been observed that extraction
was completed in 5s and there was no any adverse

effect of prolonged equilibration on extraction of
palladium(11)-OMPT complex up to 30 min. Hence
10s equilibration time was fixed for further study,
also absorbance of Pd(I1)-OMPT complex was
stable for more than 70h.
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Fig 5. Applicability of Beer’s law to Pd(I)-OMPT
complex. Pd(II) 0.01 to 20.0 ug cm™; OMPT-1.0x10™
mol dm, hydrochloric acid 0.8 mol dm™, Amna= 340 nm,
shaking time 10s.
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Fig 6. Ringbom’s plot for Pd(I1)-OMPT complex. Pd(Il)
1000 to 22500 pg dm™, OMPT 1.0x10* mol dm?,
hydrochloric acid 0.8 mol dm®, Amax = 340 nm, shaking
time 10s.

Beer’s law, molar absorptivity, sandell’s sensitivity
and correlation coefficient

Beer’s law is obeyed over the concentration
range of 0.01 pgem® to 15.0 pgem™® for
palladium(11)-OMPT complex at 340 nm (Fig. 5)
The molar absorptivity and sandell’s sensitivity are
285 x 10° dm’mol’cm® and 0.037 pgem?
respectively. The optimum range as defined by
Ringbom’s [26] plot (Fig. 6) is 3.1 to 13.0 ugem®,
slope of Ringbom’s plot from fig.6 is 0.4655.
Hence, the ratio between the relative error in
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concentration and photometric error is p = 4.655,
and for one percent photometric error, p=0.01,
hence the relative error in concentration is 0.04655.
The correlation coefficient value of Pd(1)-OMPT
complex with an independent variable as
concentration in pgem™ and a dependent variable as
absorbance, was found to be 0.99, indicates a clear
linearity between these variables. The slope value

PoSNT-00TP

o 0.1 0.2 03 0.4 0.5 08 07 08 09 1

M)/ [M+L]

Fig 7. Pd(II):OMPT species by job’s variation method.
Pd(11)=OMPT=1.75 x 10*(a)and 2.0x10™* (m) mol dm™®,
hydrochloric acid-0.8 moldm™, A, = 340 nm, shaking
time 10s.
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Fig 9.Plot of log Dpqqy Vs. log Ciomer). PA(11)-6.0pg cm’,
OMPT- 1.0 x 10™* mol dm™, hydrochloric acid - 0.7 mol
dm=and 0.3 mol dm™, A nax = 340 nm, shaking time 10s.
and intercept for the best fitted line were obtained
are 0.02394 and 0.01036. Therefore the content of
palladium(ll) in real samples can be determined
using the straight line equation

Y=0.02394X + 0.01036.

Stiochiometry of the complex
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Probable composition of extracted species was
ascertained by plotting graph of logD gy against
logComery at 0.7 moldm® and 0.3 moldm™
hydrochloric acid concentrations. The plots are
linear with slopes 1.14 and 1.11 respectively (Fig.
9). The probable composition was 1:1 (Pd(ll):

o1g
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Fig 8. Pd(11):OMPT species by mole ratio method. Pd(ll)
= OMPT= 1.75 x 10* (#) and 2.0x10™ (o) mol dm?,
Amax = 340nm, hydrochloric acid 0.8 moldm’, shaking
time 10s.

OMPT). This composition was also verified by
mole ratio method (Fig. 8) and also confirmed by
job’s continuous variation method (Fig. 7).

Influence of foreign ions

The effect of the various foreign ions was
investigated in order to find tolerance limit of these
ions in extraction spectrophotometric determination
of Pd(Il) (Table 2). The only interfering ion was
silver (I) because of its precipitation as silver
chloride.

Precision, accuracy and detection limit

To access the reproducibility and accuracy of
the method, absorbance measurements with ten
different identical solutions containing 60 pg
palladium (1) were determined by proposed
method. The average of these ten readings and
standard deviation were determined. Standard
deviation was found to be not more than 0.0013 and
relative standard deviation was less then 0.82%
respectively. It is evident from these results that the
method is precise and accurate. The detection limit
for palladium(I1) for proposed method is
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Table 2. Influence of forsizn on

DA 6.0 ppem™, OMPT 1.0x10* moldm™, hydrockloric acid 0.8 moldm™®,

b e 340 o, shaking time 103

Forsign Added 23 Tolszance  Foreign  Added ac Tolsance
[on limnis{mog) Inn Lot mg
M1} MnCly6H;eo 11 CalW)  Calb0y) 4H,0 0.073
Callly C4aCl,¥H.w 100 FhiII) PHO, ), 10
Fe(lll) (MEHFa(®0): 12,0 10 Wi Wiy 10
Hegll} HaCl; 3 vn L0100y 6H O 1
BifIll) B0y JHD 101 CaflI) ColCly. 8530 10
WD Nilly.6H;0 11 BTl BalCly SH O 10a
Cufll)  CaS0y JHO 10u CafI Cally 2H O 10d
ALTID  ALCLSH O 101 Sr{IT} S 10d
Crlily Crlly 10i T TIHDy 4
Zoflly Zn&0 TH.O 10u Bromide KEr 10d
STV Balll; B0 Flucrida  MaF B
LafOT) La{ 0y, 5H:0 1 Phosphate NaPOy 60
LuT) LiCl i Sulphate K50, 41
oIl (T5:5040, 11 Succinam  (CH,COO0NZY 6H,D 100
BHIV) HPiClg 1 Citzata CeHaD HO 104
Ew{Il} Bull, 8H,0 Malonate CH,(CDOMa), 104
Mgl Mgll.SHO 1 Targate  (CHOH:COOH) 10d
oI} 3ol ¥E,;0 0L07TS Acatate CHyCO0ONa 3HO 104G
Ga[llly Gall 0100 Indide Kl .03
Au(Illy HA=CIOeHO 0. 130 Omalass [COO0H]): ZHLD 10
Ma{VT) (WELjallor ZH,0 7 Thiocynane MELSCH 1
Eb{OL)  Shylh i EDT.A. MaEDTA 0.3
Ba(lll  BeSOu4HD 25 Mitrite Hal Gy 23
In|TIT) [nCl; 45,0 (.13 Mrtrate Baldid, it
R.l{TIT} bl 1 Sy Haghoem 104G
Os(WIID Ol .03 S A 10d
oDy IOl ol

determined, as amount corresponding to thrice the
standard deviation blank value and the limit of
detection is 0.13 pg cm,

4. APPLICATIONS

Determination of palladium(ll) in synthetic
mixtures corresponding to alloys
Various synthetic mixtures were prepared in
laboratory and palladium(ll) was determined using
recommended procedure. The results are in

agreement with those obtained by direct atomic
absorption spectrometry. These results are reported
in Table 3.

Determination of palladium(ll) from hydrogenation

catalyst
Proposed extraction spectrophotometric
determination method was applied for the

determination of palladium(ll) in hydrogenation
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Table 3. Separation of palladium (1) from synthetic mixtures corresponding to alloys

Amount of palladium(I1)
Composition of alloy 0
(%) Taken (xg) Found (pg) SD R.S.D(%)
AAS PM?
Oakay alloy (Pd 18.2;
PL18.2: Ni 54.2: V 9.1) 60 59.96 59.94 | 0.345 0.58
Jewelry alloy (Pd 95.0;
Rh4.0: Ru1.0) 60 59.95 59.92 | 0.896 1.50
Stibopalladinate alloy
(Pd 75.0: Sb 25.0) 60 59.97 59.95 | 0.745 1.24
Pd-Cu allc%gPd 60; Cu 60 59.95 59.92 | 0486 0.1
PM? : Present method, average of five determinations.
Table 4. Determination of palladium (1) in hydrogenation catalyst
Amount of palladium(Il)
Hydrogenation catalyst Taken Found (ug) S.D. R.S.D. C.L.
(ng) AAS PM? (%) a=0.95
Palladium on activated
charcoal (Pd-C, 30 29.88 29.80 0.155 0.52 0.25
30%Pd)
Palladium on activated
charcoal (Pd-C, 5.0 4.95 4.95 0.033 0.66 0.052
5.0%Pd)
Palladium on barium
sulphate (Pd-Baso,, 5.0 4.94 4.93 0.020 0.41 0.032
5.0%Pd)
catalysts (Table 4), Palladium on activated charcoal REFERENCES

[29] (Pd-C,30%), palladium on barium sulphate
[29] (Pd-BaSo0,5%), palladium on activated
charcoal [29] (Pd-C,5%). About 0.3 gm of the
catalyst sample was treated twice with 10 cm?®
portion of aqua regia, then evaporated to 5 cm®, and
on cooling distilled water was added to it .it was
filtered using whatmann filter paper no.41 and
filtrate was transferred into 250 cm?® calibrated
flask.

The residue was washed with 20 cm® of 2.0 mol
dm™ nitric acid and then with distilled water.
Finally the sample was made up to mark with
distilled water and suitable aliquots of this solution
were then analyzed as per recommended procedure
for palladium (Il) determination. The results
obtained are in agreement with those obtained by
direct atomic absorption spectrometry (Table 4).
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EKCTPAKILIMOHHO CITEKTPO®OTOMETPUYHO OITPEJEJISIHE HA TTAJIAJIUUA (11) C O-METHIJI-
OEHMJIKAPBAMU /I B CUHTETUYHU CPEN

S1.C. U_Ienapl, X.P. Axepl, C.P. queKapl*, C.X. Xan®

1
Jlabopamopus no ananumuuna xumusi, lenapmamenm no xumus,I1.B.I1. Koneoxc, Ilpasanaecap, Unous, 413 713
12
Jlabopamopus 3a Heopeanuunu mamepuanu, fenapmamenm no xumus, Ynugepcumem Xansane, Ceyn, FOxcna Kopes

Tlocteomna Ha 13 maif, 2011 r.; npuera na 21 noemspu, 2011 r.
(Pesrome)

[pensnoxkeH € HOB METO/1 32 €KCTPAKIMOHHO CHEKTPOPOTOMETPUUHO OINPEACIISHE Ha MaNaIni,u3M0I3BaiKi HUCKA
KOHIIEHTpaIu Ha O-metuin-¢enmnkapbamun (OMPT). TlocneqHusaT peakTHB W3BJIMYA KOJIUYECTBEHO W3 XJIOpodopm
cenu ot manaauii (1) B cpena wa 0.8 mol dm™ conna kucennna. PaBHoBecuero ce pocrura camo 3a 10 CeKYHJIH.
Abcopbiusra Ha xbaTO-0o1BeTeHus kKommuieke nanaaui (11)-OMPT ce ompezens npu 340 nm. KoMIuiekehT e cTrabuiieH
3a moBeuye oT 70 yaca. MOJapHOTO CHOTHOLIEHHE Ha EKCTpaXHUpaHWTEe KOMIIOHEHTH € 1:1 M € MOTBBP/AEHO B JBOWHHO-
JIOTApUTMHUIHH KOOpAWHATH. 3aKOHBT Ha Beer ce crmaspa B maTepBana ot 0.01 mo 15.0 pg cm®. MonapHata abcopOmms
U yyBCTBUTENHOCTTa o CaHzpen ca 2.85x10° dm®molecm™ and 0.037 pgcm'z. MeToasT He ce BIHsAE OT TOJISIM Opoid
KaTHOHM M aHMOHHM. Toll Moke 1na ce mpmiara 3a pasgensHe Ha namaguii (1) oT MHOro-KOMIIOHEHTHH CMECH U
KaTann3aTopH 33 XUIPHUPAHE.
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Removal of Mn(ll), Fe(l11) and Cr(l11) from aqueous solutions using Bulgarian
clinoptilolite
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The main purpose of the present work was to study the adsorption of Mn(Il), Fe(lll) and Cr(lI1) from aqueous
solutions onto natural and pretreated Bulgarian clinoptilolite from Beli plast deposit. Batch adsorption studies were
carried out to evaluate the effect of contact time, temperature, solution pH and initial concentration of investigated ions.
The equilibrium adsorption data were fitted to linear Langmuir, Freundlich and Dubinin-Radushkevich models and
maximum adsorption capacities were calculated. The adsorption of the investigated ions followed pseudo-second-order
reaction kinetics, as well as a Freundlich isotherm. The results clearly showed that the treatment with NaCl improved
the adsorption capacity of natural clinoptilolite. It was found that the removal of all investigated ions from a
multicomponent aqueous solution was significantly affected by the presence of competing ions.

Key words: clinoptilolite; adsorption equilibrium; kinetics; metal ions

1. INTRODUCTION

There is heavy metal contamination in the
aqueous waste streams of many industries, such as
metal plating facilities, mining operations, and
tanneries. Especially Mn(ll), Fe(111) and Cr(l1) are
common pollutants found in many industrial
wastewaters. The presence of heavy metals in the
environment can be detrimental to a variety of
living species. Therefore their elimination from
waters and wastewaters is important to protect
public health [1]. Heavy metals are non-
biodegradable and tend to accumulate in organisms,
causing numerous diseases and  disorders.
Numerous processes exist for the removal of
dissolved metals, including ion exchange, chemical
precipitation, coagulation, phytoextraction,
ultrafiltration, reverse osmosis, electrodialysis and
adsorption. Among various treatment methods, ion
exchange seems to be the most attractive one when
effective low-cost ion exchangers are used.
Generally, ion exchange and adsorption are
preferred for heavy metal ions removal due to easy
handling [2,3]. Zeolites, which represent the largest
group of microporous materials, are crystalline
inorganic polymers based on a three-dimensional
arrangement of SiO, and AlO, tetrahedra connected
through their oxygen atoms to form large
negatively-charged lattices with Brensted and
Lewis acid sites. The use of zeolitic materials for

* To whom all correspondence should be sent:
e-mail: pnovachka@svr.igic.bas.bg
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the environmental protection is stimulated by their
good physico-chemical properties, e.g. selective
adsorption, non-toxic nature, availability and low
cost. Pretreatment of natural zeolites by acids,
bases, surfactants, etc. is an important method to
improve their ion-exchange capacity [4-6]. A great
deal of research on natural zeolites has been
focused on the most commonly occurring types,
especially clinoptilolite and mordenite. Many
researchers have investigated various aspects of
heavy metal removal from wastewater and
synthetic aqueous solutions by clinoptilolite and
other zeolites [2,3,6-10]. As is seen from the
literature review, zeolites can be used for the
removal of some metal ions from wastewaters. The
ion-exchange process is influenced by several
factors, such as concentration and nature of cations
and anions, temperature, pH level, crystal structure
and composition of the zeolites. The composition,
purity and mineralogical characteristics of
clinoptilolite may vary widely from one deposit to
another and even within the same deposit. For this
reason clinoptilolite samples from different regions
show different behavior in ion-exchange processes
[3,8,10].

The aim of this study was to investigate the
efficiency of clinoptilolite from a Bulgarian deposit
in the removal of Mn(ll), Fe(lll) and Cr(lll) from
aqueous solutions and to estimate the optimal
operation parameters of the process. Such studies

© 2012 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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are important for the future practical use of this
natural material in wastewater treatment.

2. EXPERIMENTAL

A sample of clinoptilolite was taken from
the Beli plast deposit in the Eastern Rhodopes
Mountain, Bulgaria. The clinoptilolite was crushed
and classified to a size range 0.2-1.0 mm. Then it
was washed several times with distilled water,
filtered, dried in an oven at 378 K for 24 h and
stored in closed containers for further tests. The
clinoptilolite sample was characterized by X-ray
diffraction and chemical analysis. The chemical
composition of the samples was determined by
conventional analytical methods for silicate
materials [11]. Characterization of the texture
parameters of clinoptilolite was carried out by low-
temperature adsorption of nitrogen at 77 K using a
conventional volumetric apparatus. The
clinoptilolite sample was outgassed at 473 K for 6 h
under vacuum (107 Torr) before N, adsorption.

Natural clinoptilolite (CL) was treated with 2
mol/L NaCl solution (clinoptilolite/solution ratio of
100 g/L) at 363 K over a period of 7 h in a
thermostat. After a cool-down period, the sample
was filtered, washed several times with distilled
water and dried at 378 K for 6 h. In this way Na-
modified clinoptilolite (CL_Na) was obtained.

The adsorption properties of CL and CL_Na
with respect to Mn(ll), Fe(lll) and Cr(lll) ions were
determined by the batch method. Experiments were
carried out using stoppered 50-mL Erlenmeyer flasks
containing 0.25 g clinoptilolite sample and 25 mL of
an aqueous solution of the metal ion(s) under study.
The mixture was shaken at 295 K on an automatic
shaker. On reaching equilibrium, the adsorbent was
removed by filtration through a Millipore filter (0.2
um). The initial and equilibrium concentrations of
the metal ions were determined by flame AAS on a
Pye Unicam SP 192 flame atomic absorption
spectrometer (UK). The kinetics of adsorption was
studied by placing 0.25 g adsorbent in 25 mL of a 50
mg/L aqueous solution of a metal ion at pH 4.0 at
295 K. The contact time varied between 1 and 300
min. The effect of acidity on the removal efficiency
of the adsorbents was investigated over the pH range
2.0-5.0 employing an initial concentration of 5 mg/L
for all investigated ions at 295 K. Thus, to determine
the effect of the initial metal ion concentration on the
adsorption capacity of CL and CL_Na, initial
concentrations in the range 5-150 mg/L at pH 4.0
were chosen.

The removal efficiency (%) and the amount of
metal ions adsorbed by clinoptilolite samples at

equilibrium (Q., mg/g) were calculated using the
expressions:

Removal efficiency (%) = (Co- C)*100/Cy (1)
Qe =(Co— C)*VIm 2

where C, and C. are the initial and equilibrium
concentrations of the investigated ions (mg/L),
respectively. V is the solution volume (L) and m is
the adsorbent weight (g).

Analytical grade reagents were used in all
experiments. The working solutions containing
different concentrations of Mn(ll), Fe(lll) and
Cr(I11) ions were prepared by stepwise dilution of
the stock solutions (Titrisol Merck, Germany). All
adsorption experiments were replicated and the
average results were used in data analyses.

3. RESULTS AND DISCUSSION

The chemical composition of natural
clinoptilolite is as follows (wt %): SiO,: 70.03;
Al,O3: 12.91; Fe,05: 1.89; Na,O: 1.35; K,0: 3.62;
Ca0: 2.36; MgO: 0.38; H,O: 6.02, other 1.44%, as
described in our previous study [5]. The Si/Al ratio
of the sample as calculated from this composition
is 5.4, which is within the typical range 4-5.5 given
for clinoptilolite [8,10]. Based on the results of X-
ray diffraction, Bulgarian clinoptilolite used in this
study is composed of 83 % clinoptilolite, 5%
cristobalite, 7% heulandite, 2% quartz, 2% albite
and 1% microcline. The nitrogen adsorption
isotherm was used for evaluation of textural
parameters of natural clinoptilolite and the
following values were obtained: specific surface
area — 26.0 m?/g, total pore volume — 0.082 cm®/g
and average pore diameter - 20.4 nm.
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Fig. 1. Kinetics of adsorption of Mn(lIl), Fe(lll) and
Cr(I11) onto CL and CL_Na (Cq 50 mg/L, stirring time 2
h, pH 4.0).
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The experimental results of the kinetic study of
Mn(Il), Fe(lll) and Cr(lll) adsorption onto
clinoptilolite samples are presented on Fig. 1. The
amount of adsorbed metal ions onto both samples
increases with the contact time and reaches a
maximum value after 2 hours. Thus, we fixed two
hours as the optimum contact time. Fig. 1 shows
that the adsorption rate for all investigated ions
after NaCl treatment of natural clinoptilolite is
appreciably higher. In order to elucidate the
adsorption kinetics of the investigated metal ions,
three kinetic models: pseudo-first-order, pseudo-
second-order and intraparticle diffusion, were
applied to the experimental data. The pseudo-first-
order [12] and pseudo-second-order [13] equations
are expressed as shown in equations 3 and 4,
respectively:

Iog (Qe - Qt) = Iog (Qe) — k;t/2.303
(t/Qq) = (1/kxQe) + (1/Qe)t

3)
(4)

where Q is the amount of metal ions adsorbed at
various times t (mg/g); and k; is the rate constant of
pseudo-first-order adsorption (1/min); Q. is the
equilibrium adsorption capacity (mg/g); k. is the
rate constant of pseudo- second-order adsorption
(9/mg min). The values of k; can be calculated from
the slope of the plots of log (Q. — Qy) versus t; the
values of k, can be calculated from the slope of the
plots of t/Q; versus t. The intercepts of these curves
were used to determine the equilibrium capacity Q.
The values obtained are presented in Table 1. The
theoretical Q. values estimated from the pseudo-
first-order kinetic model differed significantly from
the experimentally obtained ones and the
corresponding correlation coefficients (R? were
found to be lower than those for the pseudo-second-
order model. On the other hand, the theoretical
values obtained from the pseudo-second-order
kinetic model were very close to the experimental
Q. values. Thus we proved that the adsorption of all
investigated ions can be described by the pseudo-
second-order kinetic mechanism.

Table 1. Kinetic parameters for the adsorption of Mn(11), Fe(l11) and Cr(lI1) onto CL and CL_Na

Pseudo-first-

Pseudo-second-

Intraparticle diffusion

Adsor  Metal order constants order constants constants
bents  ions Q. k R? Q ko R? Kig i C R® Q.exp
(mg/g) (I/min) (-) (mg/g) (g/mg min) (-)  mg/gmin*?) () (mg/g)
Mn(ll) 1.699 0.067 0.936 2.070 0.075 0.995 0.152 0.474 0.946 1.903
CL  Fe(lll) 1.690 0.056 0.986 2.288 0.047 0.993 0.170 0.395 0.910 2.051
Cr(I1l) 1.853 0.049 0.997 2.401 0.042 0.999 0.159 0.849 0.910 2.005
Mn(ll) 2.725 0.068 0.989 4.807 0.078 0.998 0.302 1.944 0.922 4.602
CL_Na Fe(lll) 3.534 0.081 0.987 4.608 0.085 0.992 0.328 1.077 0.903 4.217
Cr(lll) 2.052 0.082 0.992 3.205 0.093 0.996 0.210 1.096 0.926 3.354
CLN
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Fig. 2. Removal efficiency (%) as a function of pH for Mn(11), Fe(l11) and Cr(l111) adsorption onto CL and CL_Na (Cy 5
mg/L, stirring time 2 h).
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In order to assess the nature of the diffusion
process reasonable for the adsorption of
investigated ions onto the clinoptilolite samples,
attempts were made to calculate the pore diffusion
coefficients.

The intraparticle diffusion equation [14] may
be written as shown in equation 5:

Qt = kidtllz +C (5)

where C is the intercept, and k4 is the intraparticle
diffusion rate constant (mg/g min*?). By using this
model, the plots of Qt, versus t“2 should be linear if
the intraparticle diffusion is involved in the
adsorption process. The values of kg and C are
presented in Table 1. The deviation of the straight
lines from the origin indicates that intraparticle
diffusion cannot be accepted as the only rate-
determining step for the adsorption of the
investigated ions on CL and CL_Na, but other
kinetic models may also control the rate of
adsorption, all of which may be simultaneously
operating. The correlation coefficients for the
intraparticle diffusion model are also lower than
that of the pseudo-second-order kinetic model.
These results confirm that the pseudo-second-order
mechanism is predominant for the adsorption of
Mn(I1), Fe(lI1) and Cr(111) onto CL and CL_Na.

The pH of the aqueous solution is an important
controlling parameter in the adsorption process. It
is known that increasing the pH decreases the
extent of competition between the hydroxonium
ions and metal ions in the solution for surface
adsorption sites, thereby resulting in increased
amounts of adsorbed metals by the adsorbents.
Thus, it is possible to manage metal removal from
aqueous solutions by changing the pH value. The
effect of pH on the metal adsorption by
clinoptilolite samples is presented on Fig. 2. The
removal efficiency of Mn(ll), Fe(lll) and Cr(llI)
strongly depends on the acidity of the initial
solutions. Most affected by pH changes for CL and
CL_Na is the adsorption of Cr(lll). pH values
between 4.5 and 5 are considered as the most
favourable for all systems.

The adsorption of Mn(Il), Fe(lll) and Cr(lI)
onto clinoptilolite samples as a function of
temperature was studied by varying the temperature
from 293 to 333 K, while keeping all other
parameters constant (C, 50 mg/L, pH 4.0). The
amount of adsorbed metal ions increased with
increasing temperature. The increase in adsorption
with temperature indicates an endothermic process.
This may be attributed either to the increase in the
number of active surface sites available for

adsorption on the adsorbent, or to the desolvation of
the adsorbed species and the decrease in the
thickness of the boundary layer surrounding the
adsorbent, so that the mass transfer resistance of the
adsorbate in the boundary layer decreases. The
thermodynamic parameters, such as changes in the
adsorption standard free energy (4G°), enthalpy
(4H"), and entropy (45°) were calculated using the
following equations:

Ky =Q./Ce (6)
AG® = —RT InK, (7
InKg = AS%R - AHYRT (8)

where Ky is the equilibrium constant, R is the gas
constant (J/mol K) and T is the temperature (K).
The enthalpy change, 4H°, and the entropy change,
AS°, are determined from the slope and intercept of
the plots of InKy versus 1/T, respectively. The
values of 4G°, AH’ and 4S° parameters are
presented in Table 2. The negative changes in the
standard free energy indicate that adsorption of the
investigated metal ions on CL and CL_Na is
feasible and spontaneous. The positive values of
AH® thermodynamically substantiate the assumption
that the adsorption of the investigated ions on the
two clinoptilolite samples is endothermic. The
positive values of 45° show the existence of some
structural changes at the solid—liquid interface.

Also, the positive 4S° favours both the
complexation and stability of adsorption.
Adsorption  isotherms  obtained  under

equilibrium conditions are very important in
designing adsorption systems, since such isotherms
describe the distribution of adsorbed molecules
between the liquid and solid phases in the
equilibrium. The experimental adsorption isotherms
obtained in the present study are presented on Fig.
3. According to the data shown in Fig. 3, the
amounts of Mn(ll), Fe(lll) and Cr(lI1) adsorbed by
CL_Na are higher when compared to CL. The
exposure of natural clinoptilolite to a NaCl solution
leads to the production of a sodium-rich sample.
Na-rich forms of clinoptilolite are known to have
an enhanced exchange capacity, because a part of
the more tightly bound K and Ca cations are also
exchanged when treated with Na solutions [15,16].
There are several isotherm equations available for
evaluation of experimental adsorption equilibrium
data. In the present study, the experimental
equilibrium data for the adsorbed metal ions onto
the investigated adsorbents were analyzed using the
Langmuir (9), Freundlich (10) and Dubinin-
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Fig. 3. Adsorption isotherms of Mn(II), Fe(IIT) and Cr(III) at pH 4.0 onto CL (m) and CL_Na (e)

Table 2. Thermodynamic parameters of Mn(l1), Fe(l11) and Cr(l11) adsorption onto clinoptilolite samples.

Adsorbents  Metal ions AG? AH® ASP

(kJ/mol) (kd/mol) (J/mol K)
293K 313K 333K

Mn(ll) 17.61 "18.60 719.83 0.70 61.66

cL Fe(l1) -20.85 22,03 -23.50 0.94 73.38

cr(in) -18.66 -19.99 21.32 0.74 66.23

Mn(1) 2713 -28.64 -30.54 0.93 94.49

CL_Na Fe(ll) 2270 -23.98 2557 0.94 79.61

Cr(I11) -17.99 -18.99 -20.22 0.47 62.16

Radushkevich (11) isotherm models. The linear
forms of these isotherms are as follows:

Ce/Qe =1/KLQO +Ce/Q (9)

where C, is the concentration of NH," ions in the
equilibrium solution (mg/L), Q. is the amount of
NH," adsorbed (mg) by per unit mass of adsorbent
(9), Qo , the maximum adsorption capacity (mg/g);
KL, the constant of the Langmuir equation related to
the enthalpy of the process.

In Q¢ = Inkg +(1/n) InC, (10)

where kg and n are Freundlich constants related to
adsorption capacity and adsorption intensity,
respectively.

In Q. =In Qo— f6* (11)
where £ is the constant of the adsorption energy
(mol?/J%), and & is the Polanyi potential, described
as:

& =RTIn(1+1/C,) (12)
where R is the gas constant (J/mol K) and T is the
temperature (K). The mean adsorption energy E
(KJ /mol) can be calculated from parameter S as
follows:

E = 1/(—28)"* (13)
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The corresponding correlation coefficients and
the isotherm constants are calculated and presented
in Table 3. The Freundlich model yielded a much
better (r* = 0.992-0.998) fit than that of the
Langmuir (r* =0.938-0.998) and Dubinin—
Radushkevich models (r* = 0.897-0.973). The
highest equilibrium adsorption capacity Qq towards
all investigated ions was obtained for the adsorbent
CL_Na. The values for the CL vary from 3.17 mg/g
[for Mn(Il)] to 12.44 mg/g [for Fe(lll)]. For the
modified adsorbent CL_Na the values are as
follows: from 7.17 mg/g (for Cr(111)] to 38.64 mg/g
[Fe(1ID]. Obviously, the adsorbent CL_Na proved
to be better than CL. Fe(lll) is characterized by the
highest adsorption capacity for both adsorbents.

The Langmuir parameters can be used to
predict the affinity between adsorbate and
adsorbent using the dimensionless separation factor
R., which is defined as:

RL =1/ (1 + KLCO) (14)

The values of R for the natural and Na-
modified clinoptilolites varied within the ranges
0.012 - 0.980 (for CL) and 0.066 — 0.733 (for

CL_Na). All values were within the 0-1 range,
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indicating favourable adsorption for all ions
investigated. In addition, the wvalues of the
separation factor demonstrated that natural and
modified clinoptilolites are potential adsorbents for
the removal of Mn(Il), Fe(lll) and Cr(lll) from
aqueous solutions. The Freundlich model shows a
similar adsorption capacity sequence as the
Langmuir isotherm according to the kg values. In
the study reported here, the values of n were all in
the range from 1.17 to 4.53, indicating favourable
adsorption onto the clinoptilolite samples [17].

The value of E from the D-R model is very
useful in predicting the type of adsorption and gives
information  about chemical and physical
adsorption. It is known that energy of adsorption in
the range of 2-20 kJ/mol could be considered
physisorption in nature [18,19]. As shown in Table
3, the values obtained in the present work are in the
range 1.25 - 4.44 KJ/mol. This indicates that the
type of adsorption for all investigated ions onto CL
and CL_Na is essentially physical.

It is important to assume that the mechanism of
metal ions adsorption on clinoptilolite samples
cannot be directly related to the Langmuir,
Freundlich or Dubinin—Radushkevich models.
However, from Table 3, it may be concluded that
the adsorption isotherm of the investigated ions
exhibits mainly Freundlich behaviour, which
indicates  heterogeneous surface binding. It
confirms the existence of different types of possible

adsorption sites on the clinoptilolite surface with
different energy if the site was on an edge or was
located in a defect position.

From a practical point of view, most effluent
solutions are likely to contain a range of metal ions
rather than a single ionic type. Under such
circumstances, it becomes essential to study not
only single-component adsorption, but also the
effects of present co-cations on the adsorption
capacity of adsorbents [20]. For such studies, a
model  multi-component  aqueous  solution
containing the three metal ions (Mn(Il), Fe(lll) and
Cr(111)) with initial concentration 20 mg/L was
prepared in order to investigate the influence of
competing ions on the individual adsorption on CL
and CL_Na. The results obtained are presented in
Table 4. The adsorption of the three ions
investigated was significantly affected by the
presence of competing ions. The amount adsorbed
from multi-component solutions with concentration
20 mg/L, decreased by 33%, 21% and 35% for
Mn(I), Fe(lll) and Cr(lI1), respectively (for CL),
and by 30%, 18% and 31% for Mn(ll), Fe(lll) and
Cr(I11) respectively (for CL_Na), compared to their
respective single-component solutions (see Table
4). It may be concluded that despite the similar
properties of the investigated metal ions, each of
them interacts only with specific adsorption sites of
the adsorbents [21].

Table 3. Langmuir, Freundlich and Dubinin-Radushkevich parameters for the adsorption of Mn(I1), Fe(l11) and Cr(lll)
onto CL and CL_Na.

Adsorbent  Metal Langmuir Freundlich Dubinin-Radushkevich
ions
Qo K R? n R? Qnm E R
(mg/g)  (L/mg) (L/mg) () (mg/g) (KJ/mol)

Mn(11) 3.171 0.057 0,977 0.866 4,534 0.992 2.12 4.44 0.897

CL Fe(lll) | 12.439 0.569 0.978 1.118 1.176 0.997 3.97 1.25 0.900
Cr(111) 4.673 0.004 0.974 0.943 2.73 0.994 2.74 2.00 0.898

Mn(11) 9.100 0.095 0.998 2.594 2.849 0.996 6.62 3.74 0.973

CL_Na Fe(lll) | 38.640 0.007 0.966 3.242 1.169 0.998 8.07 1.27 0.917
Cr(lll) | 7173 0.073 0938 | 1299 2693  0.998 4.42 2.65 0.939

Table 4. Adsorption of Mn(lI1), Fe(l11) and Cr(l11) from single- and multi-component metal solution onto clinoptilolite
samples (Cy 20 mg/L, pH 4.00, stirring time 2 h).

Adsorbent Metal ion Adsorbed amount (mg/g)
single-component solution multi-component solution

Mn(I1) 1.38 0.93

CL Fe(111) 0.92 0.73
Cr(111) 1.47 0.95

Mn(I1) 1.83 1.28

CL_Na Fe(111) 1.78 1.46
Cr(111) 2.06 1.41
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4. CONCLUSIONS

The adsorption of Mn(ll), Fe(lll) and
Cr(111) onto natural and NaCl-treated Bulgarian
clinoptilolite was studied. A contact time of 2 h
was sufficient to attain equilibrium with both
adsorbents. The experimental parameters such
as solution pH, contact time, initial
concentration and temperature influenced the
removal of the investigated metal ions.
Comparison of the equilibrium adsorption data
with Langmuir, Freundlich and Dubinin-
Radushkevich isotherm models showed that the
Freundlich model described the process more
accurately. The treatment with NaCl improved
the adsorption capacity of natural clinoptilolite.
The maximum adsorption capacities of CL and
CL_Na were found to be 3.17, 4.67 and 12.44

mg/g for Mn(ll), Cr(lll) and Fe(ll),
respectively (for CL) and 9.10, 7.17and 38.64
mg/g for Mn(ll), Cr(lll) and Fe(ll),

respectively (for CL_Na). The values of 45°,
AH® and 4G° for the removal of the
investigated ions by the clinoptilolite samples
were calculated. The negative values of the
changes in Gibbs free energy indicated that
adsorption of Mn(ll), Cr(ll1) and Fe(lll) onto
CL and CL_Na was spontaneous and
exothermic. The pseudo-second-order Kinetic
model better predicted the adsorption kinetics
of the investigated ions onto clinoptilolite
samples. The amounts of metal adsorbed from
multi-component solutions were significantly

lower than those adsorbed from single
solutions.
Based on the experimental results,

Bulgarian clinoptilolite from Beli plast deposit
could be used as a low-cost adsorbent for the
removal of Mn(ll), Fe(lll) and Cr(Ill) ions
from different kinds of contaminated waters
and it may be an alternative to more expensive
adsorption materials.
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I[MTPUJIOXKEHUE HA BBJIFAPCKU KIIMHOIITUJIOJIWT 3A U3BJIMYAHE HA Mn(l1), Fe(11T) 1 Cr(l1)
OT BOJAHHN PA3TBOPU

I1. C. Bacunega, JI. K. BoiikoBa

Hnemumym no obwa u neopeanuuna xumus, Bvreapcka akademus Ha HayKume,
Cogus 1113, Bvreapus

Toctenmna Ha 28 mapt, 2011 r.; npuera Ha 26 centemspu, 2011 r.

(Pestome)

LlenTa Ha Hacrosmara paboTa e u3cieaBane Ha aacopOuuara Ha Mn(1l), Fe(1ll) u Cr(III) or Boguu pa3rBopH
BBPXY MPUPOJEH W MOIUPHIUpaH OBIrapcku KIMHONTHIONUT OT Haxoxumero B bemm miact. IlpoBenenu ca
aJICOPOIIMOHHN HM3CNIEJBAHUSI B CTATHYCH PEXKUM C e Ja CE YCTaHOBU BIMSHHUETO HAa BPEMETO Ha KOHTAKT,
Temreparypata, pH Ha HM3XOJAHWTE DPAa3TBOPM M HayalHAaTa KOHIEHTpaLUs Ha u3cieABaHuTe HoHu. [lomydeHu ca
PaBHOBECTHUTE aJCOPOIIMOHHUTE W30TEPMH U € M3CIEABAHO TIXHOTO CHOTBETCTBHE C TEOPETHYHHMTE MOJIENH Ha
Jlanrmionp, @poitnnx u Jyounun Pagymkesuu. Ancop6rumsara va Mn(1l), Fe(IlI) u Cr(I1l) ce omuca Haii-no0pe ¢
MOZeNa Ha Peaklud OT IICEBIO-BTOPH INOPSANBK M HM3oTepMmata Ha @DpoiHmummx. Momudukanusrta Ha OPUPOTHUS
kimHonTiwionut ¢ NaCl nosuimaBa ancopOims My KamalUTeT. YCTaHOBCHO €, Y€ HM3BJIMYAHETO Ha H3CIICIBAHUTE
METallHA HOHH OT MYJITH-KOMIIOHEHTEH Pa3TBOP CE BIIHSC 3HAYUTEIHO OT IPUCHCTBUETO HA KOHKYPSHTHH HOHH.
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Book review

Christo Boyadjiev. Theoretical Chemical Engineering (Modeling and Simulation)
Springer-Verlag, Berlin Heidelberg, 2010.

e Borsiiy Chemical engineering is an applied science dealing with the powerful
methodologies of mathematics, physics, chemistry and engineering
sciences. Since it is designed to transfer the fundamental results of chemical
research activity to practical applications chemical engineering has to solve

Theoretical many practical tasks, usually associated with the very complicated

Chemical conditions in practice, i.e. complicated geometry in the real apparatuses,
Engineering turbulent multiphase flows, high rates of the processes, etc., the different
simplified approaches for process modeling are used with different level of
complexity.

Usually the similarity theory is helpless to solve correctly the scale-up
problems. That is why mathematical models contribute to the best
approximations to the reality to make scaling-up more reliable.

The monograph “Theoretical Chemical Engineering” written by Prof. Christo Boyadjiev,
DSc has the ambitious goal to cover all of the directions of modeling and mathematical descriptions
of the most frequently met processes in chemical industry and the flow sheets in chemical industry
as a whole.

It started with considerations on the models describing the flow patterns and their impact on
the transport phenomena in relatively simple geometries. The cases of physical transport processes
as well as the cases of chemical reactions occurring in the liquid phase are discussed. A big merit of
this part of the book is the detailed description of the non-linear transport phenomena and their
effect on the net mass transfer. The hydrodynamic stability is considered in this context.

A significant part of the book is dedicated to the mathematical methods used for solving the
differential transport equations coupled with the procedures of parameter identification, particularly
for inverse problems.

Comparative analysis of the variety of mathematical models — starting from the lowest level
of comprehensiveness, like the experiment design methods to the highest level of partial differential
equations for defined flows and shapes is made.

The optimization methods are considered in the context of optimal design and control of
total plants in chemical technology.

It could be emphasized that the main part of the book is based on own research results of the
author, showing a broad variety of expertise.

The book will be useful either for researchers or for students as a tool for solution of various
chemical engineering tasks.

If someone wants to know what does chemical engineering is, he can read this book.

Modeling and Simulat

V. Beschkov.
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ERRATUM

The authors and their affiliations of the article “Catalytic synthesis of diphenylmethyl ethers
(DPME) using Preyssler acid Hi4[NaPsW3,0110] and silica-supported Preyssler catalysts”
published in Bulgarian Chemical Communications, volume 44, issue 1, pp. 11-19 should be
read as follows:

Ali Gharib™®*, Nader Noroozi Pesyan®, Manouchehr Jahangir', Mina Roshani*, J. (Hans) W.
Scheeren*

'Department of Chemistry, Islamic Azad University, Mashhad, Iran
2Agricultural Researches and Services Center, Mashhad, Iran
3Department of Chemistry, Faculty of Science, Urmia University, 57159, Urmia, Iran
“Cluster for Molecular Chemistry, Department of Organic Chemistry, Radboud University
Nijmegen, The Netherlands
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journals must be abbreviated according to Chemical
Abstracts and given in italics, the volume is typed in
bold, the initial page is given and the year in
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a) The names of all authors of a certain

190

publications should be given. The use of “et al.” in
the list of references is not acceptable.

b) Only the initials of the first and middle names
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manuscript, the number of drawings, photographs,
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the back of the illustrative material (hard copies) in
accordance with the list enclosed. Avoid using more
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
should be paid that all axis titles, numerals,
legend(s) and texts are legible.

The authors are asked to submit the final text
(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
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the word-processing program and the format of the
text files is clearly indicated. It is recommended that
the pictures are presented in *.tif, *.jpg, *.cdr or
*bmp format, the equations are written using
“Equation Editor” and chemical reaction schemes
are written using ISIS Draw or ChemDraw
programme.

The authors are required to submit the final text
with a list of three individuals and their e-mail
addresses that can be considered by the Editors as
potential reviewers. Please, note that the
reviewers should be outside the authors’ own
institution or organization. The Editorial Board of
the journal is not obliged to accept these proposals.
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