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Hydrogen-bonded systems of water with dimethyl and diethyl sulfoxides.  
Theoretical study of structures, stability and vibrational spectra 
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The structural and vibrational characteristics (vibrational frequencies and infrared intensities) of the hydrogen-
bonded systems dimethylsulfoxide (DMSO)–water (1:1, 1:2) and diethylsulfoxide (DESO)–water (1:1, 1:2) have been 
investigated employing ab initio and DFT calculations at different basis sets. The calculations show that the optimised 
structures of the studied systems 1:2 are cyclic while the optimised structures of the hydrogen-bonded systems 1:1 are 
linear. The corrected values of the dissociation energy for the hydrogen-bonded systems have been calculated by ab 
initio and DFT calculations at different basis sets in order to estimate their stability. It was established that the 
hydrogen-bonded systems DESO–water (1:1, 1:2) are more stable than the systems DMSO–water (1:1, 1:2). The 
influence of the hydrogen bonding on the properties of the monomers (H2O, DMSO and DESO) has been investigated. 
The hydrogen bonding between H2O and DMSO, and DESO leads to changes in the vibrational characteristics of the 
monomers. The predicted vibrational characteristics for the studied hydrogen-bonded systems are in very good 
agreement with the experimentally observed.  
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INTRODUCTION 

Hydrogen bonding is of fundamental importance 
in chemistry, physics and biology. Computational 
methods based on quantum theory and developed 
for the treatment of chemical bonding, intermole-
cular forces, reactivity and interactions with electro-
magnetic radiation can reproduce or predict the 
measurable characterizing the hydrogen bonds. A 
large number of theoretical studies on the structures, 
stability and vibrational spectra employing ab initio 
and DFT calculations have been undertaken in recent 
years for the hydrogen-bonded complexes [1–8].  

In many industrial and biomedical fields dialkyl 
sulfoxides (DASO) have found applications because 
of their unusual physicochemical properties. DMSO 
and DESO are used as industrial solvents for polar 
and ionic substances in chemistry, biology and 
medicine. DESO exhibits strong self-associative 
effects, even stronger than in DMSO. To this 
purpose, vibrational spectroscopy (Raman and IR) 
has been widely used [9–14] for studying the 
vibrational features of DMSO and DESO both pure 
and in aqueous solutions. The biomedical signifi-
cance of DESO has been reported also [15]. 
Thermodynamic measurements of DESO–water 
mixtures (heat of fusion and solidification, melting 
and freezing temperature) suggested very strong 

deviatios from ideality, like in DMSO-water solu-
tions, but to a greater extent [16].  

The objects of the present study are the hydro-
gen-bonded systems DMSO–H2O (1:1, 1:2) and 
DESO–H2O (1:1, 1:2). The aim of the study is first, 
to established the most stable structures of the 
hydrogen-bonded systems, secondly, to study the 
nature of the hydrogen bonding and finally to 
estimate the changes in the vibrational character-
istics upon hydrogen bonding.  

METHODS 

The structures, stability and vibrational char-
acteristics of the hydrogen-bonded systems dime-
thylsulfoxide (DMSO)–water (1:1, 1:2) and diethyl-
sulfoxide (DESO)–water (1:1, 1:2) are studied 
extensively in this work by ab initio and DFT 
calculations with various basis sets using the 
GAUSSIAN 98 series of programs [17]. Full 
geometry optimisation of the studied hydrogen-
bonded complexes was performed. On Figs. 1 and 2 
are presented the optimized structures with 
B3LYP/6-311++G (d,p) calculations for the 
DMSO–H2O (1:1, 1:2) and DESO–H2O (1:1, 1:2), 
complexes 1 and 2. The optimized values of the 
hydrogen-bonded parameters (bond lengths and 
angles) obtained with B3LYP/6-311++G (d,p) 
calculations for the complexes studied are shown on 
Figs. 1 and 2. 
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Complex 1 (1:1) Complex 2 (1:2) 

Fig. 1. Optimized structures with B3LYP/6-311++G(d,p) calculations for the hydrogen-bonded: DMSO and one 
molecule H2O (Complex 1); DMSO and two molecules H2O (Complex 2): 

Complex 1: RO10…H11=1.822 Å; Angles (o):  H11…O10S1=41.3; O10…H11O12=8.7. 
Complex 2: RO10…H15=1.851 Å; RO10…H11=1.981 Å; RO14…H13=2.436 Å; Angles (o):  H15…O10…H11=72.7; 

O10…H15O14=161.2; O10…H11O12=152.7; O14…H13O12 =122.1; H15…O10S1=124.0; H11…O10S1=40.1. 

 

 
 

Complex 1 (1:1) Complex 2 (1:2) 

Fig. 2. Optimized structures with B3LYP/6-311++G(d,p) calculations for the hydrogen-bonded:  
DESO and one molecule H2O (Complex 1); DESO and two molecules H2O (Complex 2): 

Complex 1: RO16…H17=1.811 Å; Angles (o):  H17…O16S1=31.1; O16…H17O18=158.3. 
Complex 2: RO16…H17=1.961 Å; RO16…H21=1.842 Å; RO20…H19=2.460 Å; Angles (o):  H19…O20H21=83.7; 
H19O18…O20=123.0; H17…O16…H21=73.8; O18H17…O16 =156.3; O16…H21O20 =161.9; H17…O16S1=29.9; 

H21…O16S1=31.3. 

The density functional (DFT) calculations in this 
work were carried out in the framework of Kohn-
Sham density-functional theory [18] (DFT) with the 
nonlocal three-parameter gradient-corrected exchange-
correlation functional of Becke and Lee, Yang and 
Parr including partially exact HF-exchange 
(B3LYP) [19]. 

The dissociation energy is used for the esti-
mation of the stability of the hydrogen-bonded 
systems between two and more partners. The super-
molecular variation method determines dissociation 
energy (∆E) as a difference between the energy of 
the complex and the energies of the isolated 
molecules:  
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∆E = Ecom. – (E1 + E2 + E3 …)      (1) 

where E1, E2, E3… are the energies of the isolated 
monomers in their own basis set and Ecom. is the 
energy of the complex. 

The supermolecular approach is theoretically 
able to provide dissociation energy at any accuracy, 
however, only if a sufficiently large basis set and a 
sufficiently high level of correlation is used. For the 
exact determination of the interaction energy in the 
supermolecular approach the consideration of the 
zero-point energies is very important. 

The zero-point vibrational energy correction for 
the studied complexes can be defined as a difference 
between the calculated zero-point vibrational energy 
of the complex and the zero-point energies of the 
monomers: 

∆Ezp vib = Ezp vib.(com.) – (Ezp vib(1) +  
                    + Ezp vib(2) + Ezp vib(3)…)  (2) 

The dissociation energies, uncorrected and 
corrected with zero-point energy differences are 
calculated by ab initio and DFT calculations with 
different basis sets. 

The MP2 method for different basis sets (6-
31G(d,p); 6-311++G(d,p)) is used in this study in 
order to estimate the MP2 correlation contribution 
to the dissociation energy for the hydrogen-bonded 
systems dimethylsulfoxide (DMSO)–water (1:1, 1:2) 
and diethylsulfoxide (DESO)–water (1:1, 1:2) (See 
Figs. 1 and 2). The MP2 correlation contribution 
δE(MP2) to MP2 dissociation energy is: 

δE(MP2) = ∆E(MP2) – ∆E(SCF) (3) 

where ∆E(MP2) is the dissociation energy, cal-
culated at the MP2 level, and ∆E(SCF) is the dis-
sociation energy, calculated at the SCF level. 

RESULTS AND DISCUSSION 

Structures and stability 

In order to establish the most stable structures of 
the hydrogen-bonded hydrogen-bonded systems 
dimethylsulfoxide (DMSO)–water (1:1, 1:2) and 
diethylsulfoxide (DESO)–water (1:1, 1:2) full geo-
metry optimization have been performed by ab 
initio and DFT (B3LYP) calculations with basis 
sets: 6-31G(d,p) and 6-311++G(d,p) using the 
GAUSSIAN 98 series of programs [17]. On Figs. 1 
and 2 are shown the optimized structures of the 
complexes 1 and 2 with B3LYP/6-311++G(d,p) 
calculations. As can be seen the hydrogen bonding 
between two water molecules and DMSO, and 
DESO molecules leads to the formation of cyclic 
structures (Figs. 1 and 2, complexes 2), while the 

hydrogen-bonded systems of one water molecule 
with DMSO and DESO are open (Figs. 1 and 2, 
complexes 1). 

The dissociation energies, uncorrected and 
corrected with zero-point energy differences for the 
studied hydrogen-bonded systems of one and two 
water molecules with DMSO and DESO (complexes 
1:1 and 1:2) are calculated by ab initio and DFT 
calculations with different basis sets. The results 
from the calculations are presented in Table 1. As 
can be seen from the data of ∆E (uncorrected and 
corrected with ∆E(zp vib) the values of the 
dissociation energy calculated with ab initio SCF 
and MP2 level are different. The main cause for this 
effect is the MP2 correlation contribution to the 
dissociation energy (δE(MP2)). The calculated 
values of the dissociation energy as well as of the 
MP2 correlation contribution to the dissociation 
energy for the hydrogen-bonded complexes of two 
water molecules with DMSO and DESO molecules 
(complexes 1:2) are approximately twice as much in 
comparison with the values calculated at the same 
basis set for the hydrogen-bonded complexes 1:1. In 
all cases, the complexes of water with DESO are 
more stable than the complexes of water with 
DMSO. On Figs. 1 and 2 is given the description of 
the full characteristics of hydrogen bonds with 
lengths and angles of all hydrogen-bonded bridges 
(distance between donor and acceptor of proton). 

Vibrational spectra 

It is known from previous studies [1–8] on the 
hydrogen-bonded complexes that the hydrogen 
bonding leads to the substantial changes in the 
vibrational characteristics of the stretching vibra-
tions for the monomer bonds involved in the 
hydrogen bonding.  

The changes in the vibrational frequencies and 
infrared intensities of the monomers characterizing 
their interactions have been evaluated by ab initio 
and DFT calculations employing the GAUSSIAN 
98 series of programs [17].  

The predicted values of the vibrational character-
istics are presented in Tables 2 and 3 together with 
the detailed description of the normal modes based 
on the potential energy distribution (PED) obtained 
from MP2/6-311++G(d,p) calculations.  

The changes in the vibrational characteristics 
arising from the hydrogen bonding of DMSO and 
DESO molecules with one and two water molecules 
have been estimated. The predicted frequency shift is: 

∆νi  = νi
complex – νi

monomer    (4) 

The changes in the infrared intensities (∆Ai) upon 
hydrogen bond formation are also estimated using 
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ab initio and DFT calculations.  

∆Ai = Ai
complex – Ai

monomer      (5) 

The predicted changes in the vibrational frequen-
cies and infrared intensities are shown in Tables 2 
and 3. As it was noted the hydrogen bonding leads 
to the substantial changes in the vibrational charact-
eristics of the stretching vibrations for the monomer  
 

bonds involved in the hydrogen bonding. The data 
presented in Tables 2 and 3 show that for the 
complexes studied the hydrogen bonds are formed 
between O–H group from water molecule and S=O 
group from DMSO and DESO molecules. For the 
complexes of two water molecules with DMSO and 
DESO the weak hydrogen bonds are predicted 
between water molecules: O14…H13 and O20…H19. 

Table 1. Dissociation energies ∆E (uncorrected and corrected), MP2 correlation contribution to the dissociation energy 
δE(MP2) and zero-point energy differences ∆Ezpve in kcal/mol for the hydrogen-bonded complexes DMSO–H2O (1:1; 
1:2) and DESO–H2O (1:1; 1:2).   

∆Euncorr ∆Ezpvib. ∆Ecorr δEMP2 Basis set 

DMSO–H2O 
(1:1)a, (1:2)b 

DESO–H2O 
 (1:1)a, (1:2)b 

DMSO–H2O 
(1:1)a, (1:2)b

DESO–H2O 
(1:1)a, (1:2)b

DMSO–H2O 
(1:1)a, (1:2)b 

DESO–H2O  
(1:1)a, (1:2)b  

DMSO–H2O 
(1:1)a; (1:2)b 

DESO–H2O 
(1:1)a, (1:2)b

SCF/ 
6-31G(d,p) 

–10.20965a   
–19.15788b  

–10.37462a   
–19.33295b 

2.26955a   
4.65554b 

2.21640a 

4.50172b 
–7.94005a   

–14.50234b 
–8.15822a 

–14.83123b 
- 
- 

- 
- 

MP2/ 
6-31G(d,p) 

–13.30635a  

–25.39533b 
–13.64866a 

–25.83961b 
2.22666a 
5.17173b 

2.35560a 

4.78348b 
–11.07969a 

–20.22360b 
–11.29306a 

–21.05613b 
–3.13960a 

–6.23745b 
-–3.27404a 

–6.50665b 
B3LYP/ 

6-31G(d,p) 
–12.89533a 

–24.40386b 
–12.94699a 
–24.71574b 

2.49229a 
5.30508b 

2.10752a 
5.19523b 

–10.40304a 
–19.09878b 

–10.83947a 
–19.52051b 

- 
- 

- 
- 

SCF/ 
6-311++G(d,p) 

–8.76556a 
–15.92620b 

–8.92809a 
–16.25602b 

2.2064a 
4.31929b 

2.03070a 
4.13148b 

–6.55916a 
–11.60691b 

–6.89739a 
–12.12454b 

- 
- 

- 
- 

MP2/ 
6-311++G(d,p) 

–11.17922a 
–20.21712b 

–11.31106a 
–20.54988b 

2.27932a 
4.49494b 

2.22151a 
4.35326b 

–8.89990a 
–15.72218b 

–9.08955a 
–16.19662b 

–2.41366a 
–4.29092b 

–2.38297a 
–4.29386b 

B3LYP/ 
6-311++G(d,p) 

–9.92093a 
–17.36322b 

–9.94363a 

–17.52736b 
2.30743a 
4.47088b 

2.09343a 

4.41286b 
–7.61350a 

–12.89234b 
–7.85020a 

–13.11450b 
- 
- 

- 
- 

a - Complexes (1:1);   b  - Complexes (1:2). 

Table 2. Calculated vibrational characteristics (ν in cm–1, A in km·mol–1) and changes in the vibrational characteristics 
(∆ν in cm–1, ∆A in km·mol–1) from monomers to a complex for the hydrogen-bonded systems DMSO–H2O (1:1) and 
DMSO-2H2O (1:2). 

MP2/6-311++G(d,p) B3LYP/6-311++G(d,p) 

1:1 1:2 1:1 1:2 

Mode 

νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai 

ν(O12–H11) 3591/–282 443.9/430.8 3747/–126 221.3/208.2 3498/–319 483/473.9 3680/–137 243.8/234.6 
ν(O12–H13) 3983/–12 72.6/23.6 3930/–65 103.8/42.9 3892/–31 60.4/3.4 3831/–95 110.6/53.5 
ν(O14–H15) - - 3648/–225 446.1/432.9 - - 3596/–221 432.9/423.7 
ν(O14–H16) - - 3962/–33 98.8/37.9 - - 3889/–34 87.9/30.8 

59ν(C2–H6)+41ν(C2–H5) 3213/22 1.1/–0.6 3216/25 1.0/–0.6 3150/15 0.9/0.8 3153/18 0.4/0.3 
69ν(C3–H8)+26ν(C3–H7)  3203/0 0.9/–0.7 3208/5 0.8/–0.8 3149/1 1.3/–0.2 3155/7 0.9/–0.5 
49ν(C2–H4)+29ν(C2–H5) 

+19ν(C2–H6) 
3191/112 1.3/–4.4 3190/111 1.2/–4.4 3142/104 4.4/–0.7 3145/107 2.4/–2.7 

49ν(C3–H9)+45ν(C3–H7) 3183/–12 1.5/–4.7 3188/–17 0.4/–5.8 3139/–9 0.6/-2.8 3141/–7 0.4/–2.9 
48ν(C2–H4)+28ν(C2–H5) 

+21ν(C2–H6) 
3078/–23 9.9/9.1 3078/–23 9.4/8.7 3041/–98 12.6/1.6 3044/–95 11.1/0.1 

43ν(C3–H9)+27ν(C3–H7) 
+26ν(C3–H8) 

3071/–14 6.7/0.4 3073/–12 4.2/–2.0 3038/–2 4.6/–4.8 3041/1 2.7/–6.5 

ν(S–O) 1071/–24 112.1/6.7 1053/–41 133.6/35.2 1030/–21 112.1/3.8 1024/–27 92.8/43.2 
ν(S–C) 701/–19 4.9/–12.8 704/–16 5.5/–12.3 631/8 4.9/–4.0 667/44 7.2/–1.7 

τ(O12H11…O10S1) 704 69.5 719 114.1 698 107.5 698 145.3 
δ(O12H11…O10) 442 134.3 462 70.1 478 158.8 452 56.6 

τ(O14…H13O12H11) - - 356 61.1 - - 341 61.3 
δ(H15O14…H13) - - 247 55.7 - - 198 46.7 
ν(O10…H11) 212 17.8 203 23.8 209 11.3 195 12.6 
ν(O10…H15) - - 178 1.1 - - 151 1.4 
δ(H11…O10S1) 106 28.8 101 24.9 98 24.7 88 22.4 
ν(O14…H13) - - 85 3.8 - - 62 4.6 
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Table 3. Calculated vibrational characteristics (ν in cm–1, A in km·mol–1) and changes in the vibrational characteristics 
(∆ν in cm–1, ∆A in km·mol–1) from monomers to a complex for the hydrogen-bonded systems DESO–H2O (1:1) and 
DESO–2H2O (1:2).   

MP2/6-311++G(d,p) B3LYP/6-311++G(d,p) 

1:1 1:2 1:1 1:2 

Mode 

νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai νi
compl./∆νi Ai

compl./∆Ai 

ν(O18–H17) 3583/–290 471.7/458.6 3753/–120 228.4/215.3 3479/–338 537.1/527.8 3669/–148 293.3/284.1 
ν(O18–H19) 3933/–62 80.2/19.3 3890/–105 134.3/73.4 3890/–33 59.4/2.3 3832/–91 109.9/52.9 
ν(O20–H21) - - 3670/–203 444.7/431.6 - - 3579/–238 476.3/467.1 
ν(O20–H22) - - 3951/–44 109.9/19.0 - - 3887/–36 87.1/30.1 

56ν(C7–H13)+27ν(C1–H15) 3181/–9 8.1/3.5 3183/–6 7.4/2.8 3122/3 12.3/–2.2 3124/5 8.9/–5.6 
48ν(C4–H11)+12ν(C4–H12)  3174/–3 13.2/–1.2 3179/2 10.8/–3.6 3118/2 9.2/–11.3 3123/9 7.6/–12.8 
59ν(C4–H10)+38ν(C4–H12)  3168/102 9.6/–3.2 3173/107 9.6/–3.2 3108/76 0.8/–15.3 3108/76 1.1/–15.0 
56ν(C7–H14)+31ν(C7–H15)  3164/–3 10.2/–10.8 3161/–6 4.4/–16.6 3098/64 17.1/–8.1 3102/68 17.7/–7.5 
41ν(C3–H9)+21ν(C3–H8) 3157/–19 2.9/–11.1 3157/-19 6.5/–7.4 3094/54 13.0/–4.7 3097/57 17.7/0.1 
31ν(C2–H6)+18ν(C2–H5) 

+26ν(C4–H11) 
3153/51 2.5/–3.7 3155/53 1.8/–4.5 3092/39 10.4/–3.2 3096/43 2.3/–4.2 

61ν(C2–H5)+36ν(C2–H6) 3089/–80 2.8/–7.6 3091/–78 1.2/–9.2 3057/–44 1.9/–12.8 3062/–39 0.0/–14.6 
52ν(C3–H8)+38ν(C3–H9) 3079/–66 19.3/18 3081/–64 17.2/16.0 3047/–43 14.6/12.8 3047/–43 10.8/8.9 

30ν(C4–H12)+28ν(C4–H11) 
+26ν(C4–H10) 

3077/–73 5.3/–9.3 3079/–71 12.8/–1.7 3035/–57 23.7/5.0 3037/–55 20.8/6.1 

40ν(C7–H14)+33ν(C7–H15) 
+26ν(C7–H13) 

3075/–82 19.4/6.9 3077/–80 10.1/–2.4 3032/–62 17.8/2.4 3036/–58 17.6/2.23 

ν(S–O) 1032/–28 104.9/34.0 989/–71 133.1/62.3 984/–30 60.8/–10.1 955/–59 158.5/87.5 
ν(S–C) 724/63 45.6/36.8 727/66 58.1/49.2 657/5 33.7/11.5 702/50 46.8/27.6 

τ(O18H17…O16S1) 692 61.3 459 55.7 697 102.7 442 63.0 
δ(H21O20…H19) - - 695 118.1 - - 702 175.2 
δ(O16…H17O18) 458 110.6 616 204.1 458 153.5 649 194.7 

τ(O20…H19O18H17) - - 398 95.9 - - 367 112.1 
τ(O16…H21O20H22) - - 356 61.1 - - 341 61.3 

ν(O16…H21) - - 304 28.1 - - 335 24.8 
τ(H19O18H17…O16) 272 114.4 150 91.1 253 111.1 156 125.3 

ν(O16…H17) 240 31.5 202 30.1 243 20.2 257 24.1 
δ(S1O16…H17) 109 13.1 137 8.1 91 18.4 146 10.5 
δ(O20…H19O18) - - 133 3.4 - - 138 10.5 
ν(O20…H19) - - 73 3.4 - - 146 0.5 

 

Changes in the vibrational characteristics of the 
stretching O–H modes 

As can be seen from the results in Tables 2 and 
3, the predicted changes in the vibrational char-
acteristics of the stretching O–H vibrations are the 
most considerable. For the complexes of DMSO 
with one and two water molecules (Table 2) the 
MP2/6-311++G(d,p) and B3LYP/6-311++G(d,p) 
calculations predict considerable changes in the 
vibrational frequencies and IR intensities for the 
stretching vibrations ν(O12–H11) and ν(O14–H15). The 
predicted frequency shifts for the stretching vibra-
tions ν(O12–H11) in the complex 1 (1:1) are in the 
range of –282 cm–1 to –319 cm–1 and for ν(O14–H15) 
in the complex 2 (1:2) are from –225 to –221 cm–1. 
The IR intensity of these vibrations increases 
dramatically upon hydrogen bonding. In the same 
time the changes in the vibrational characteristics 
for the vibrations ν(O12–H13) and ν(O14–H16) are 
negligibly. Bearing in mind these results it could be 
concluded that the stretching vibrations ν(O12–H11) 

and ν(O14–H15) (in the complex 1:2) taking part in 
the hydrogen bonding with DMSO, while the vibra-
tions ν(O12–H13) (in the complex 1:1) and ν(O14–
H16) (in the complex 1:2) are free from the hydrogen 
bonding. 

For the hydrogen-bonded complexes of one and 
two water molecules with DESO the predicted 
changes in the vibrational characteristics for the 
stretching O–H vibrations show that the bonds O18–
H17 and O20–H21 are taking part in the hydrogen 
bonding. Their frequencies are shifted to lower 
values more than –200 cm–1. The IR intensities of 
these vibrations increase dramatically in the com-
plexes. In the same time the vibrational character-
istics of the modes ν(O18–H19) (in the complex 1:1) 
and ν(O20–H22) (in the complex 1:2) are changed 
negligibly. These vibrations are free from the 
hydrogen bonding. 

Changes in the vibrational characteristics of the 
stretching S=O modes 

As can be seen from the optimized structures of 
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the hydrogen-bonded systems between one and two 
water molecules with DMSO and DESO, shown on 
Figs. 1 and 2, the hydrogen bonds are formed 
between O–H group from water molecules and S=O 
group from DMSO and DESO. The experimental 
evidences based on the Raman and FT IR ATR 
studies of these hydrogen-bonded systems [16] also 
confirm that the S=O group is taking part in the 
hydrogen bonding: “The lower frequency peak near 
1010 cm–1 both in the Raman and IR spectra, whose 
intensity of which increases with dilution with a 
simultaneous shift to lower frequency, is attributed 
to the ν(SO) directly involved in H-bonds with 
water molecules only”. Bearing in mind this state-
ment the changes in the S=O stretching vibrations 
upon hydrogen bonding are studied here by ab initio 
and DFT calculations with 6-311++G(d,p) basis set.  

It was established for the hydrogen-bonded 
systems between one and two water molecules and 
DMSO (see Table 2) that the stretching vibration 
ν(S=O) is shifted in the complexes (1:1; 1:2) to 
lower frequencies of about 24 cm–1 for the complex 
1 (1:1) and of about 41 cm–1 for the complex 2 (1:2). 
The experimentally observed frequency shift [11] 
for this vibration is 8 cm–1. The calculations show 
that the IR intensity of the stretching vibration 
ν(S=O) increases in the complexes. As a con-
sequence the double character of the S=O bond 
decrees, becoming more polar: S=O ↔ S+  O−. 

For the hydrogen-bonded systems of one and two 
water molecules with DESO (see Table 3) the 
observed appearances are the same as for the sys-
tems DMSO–H2O (1:1; 1:2) only at higher extent. 
The predicted frequencies shifts by ab initio and 
DFT calculations at 6-311++G(d,p) basis set of the 
stretching vibration ν(S=O) for the hydrogen-
bonded systems DESO–H2O (1:1; 1:2) are larger 
and the IR intensity increases in these complexes at 
higher extent. It can conclude that the water-sulf-
oxide interactions in the hydrogen-bonded systems 
DESO–H2O (1:1; 1:2) are stronger than in the 
DMSO–H2O (1:1; 1:2) systems. 

Changes in the vibrational characteristics of the 
stretching C–H modes 

The predicted values of the vibrational character-
istics for the hydrogen-bonded systems of one and 
two water molecules with DMSO and DESO, 
presented in Tables 2 and 3 show that for the 
stretching C–H modes they are also sensitive to the 
complexations.  

The potential energy distribution (PED), based 
on the MP2/6-311++G(d,p) calculations shows that 
for the hydrogen-bonded systems DMSO–H2O (1:1; 
1:2) the ν(C2–H) vibrations are more sensitive to the 

complexation than the ν(C3–H) vibrations. In agree-
ment with the experiment [16] the ν(C2–H) vibra-
tions are shifted to higher frequency more than 100 
cm–1 by water dilution and their IR intensities are 
changed negligibly.  

The similar changes are observed for the 
stretching vibrations ν(C2–H) and ν(C4–H) of the 
hydrogen-bonded systems DESO–H2O (1:1; 1:2) 
(see Table 3). Bearing in mind the experimental 
results from Raman and FT IR ATR spectra of these 
hydrogen-bonded systems the authors [16] sup-
posed, “This effect could be due to the breaking of 
the hydrogen bonds CH…OS, the existence of 
which has been evidenced in both pure liquid 
DMSO and DESO”. 

The ν(C3–H) vibrations for the hydrogen-bonded 
systems DMSO–H2O (1:1; 1:2) and ν(C3–H), and 
ν(C7–H) for the hydrogen-bonded systems DESO–
H2O (1:1; 1:2) are shifted to lower frequency in the 
complexes. These bonds become weaker upon 
hydrogen bonding.  

Intermolecular vibrations 

The results from potential energy distribution 
(PED), obtained from MP2/6-311++G(d,p) calcula-
tions show that the hydrogen bonding of one and 
two water molecules with DMSO and DESO mole-
cules leads to arising of the intermolecular vibra-
tions (see Tables 2 and 3).   

The stretching intermolecular vibrations for the 
hydrogen-bonded system water–DMSO (1:1; 1:2)) 
are predicted with B3LYP/6-311++G(d,p) calcula-
tions in the range: from 62 cm–1 to 195 cm–1 (see 
Table 2). For the complexes water–DESO (1:1; 1:2) 
the predicted stretching ν(O…H) vibrations are: 
from 146 cm–1 to 335 cm–1 (see Table 3). The 
calculated IR intensities of the stretching intermo-
lecular vibrations for the complexes DMSO–H2O 
(1:1; 1:2) and DESO–H2O (1:1; 1:2) are low. 

Having in mind the PED distribution, the tor-
sional intermolecular vibrations for the studied 
hydrogen-bonded systems are in the range 156–698 
cm–1 with medium IR intensities.   

The predicted frequencies for the deformation 
vibrations are at lower wavenumbers in comparison 
with the frequencies of the torsional intermolecular 
vibrations. Their IR intensities are higher in compa-
rison with the IR intensities of the torsional inter-
molecular vibrations for the studied hydrogen-
bonded systems. 

CONCLUSIONS 

The structures, stability and vibrational spectra 
of the hydrogen-bonded complexes of one and two 
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water molecules with DMSO and DESO molecules 
have been studied using ab initio MP2 and DFT 
calculations. The main results of the study are: 

- The hydrogen bonding of two water molecules 
with DMSO and DESO molecules leads to the 
formation of cyclic structures, while the hydrogen-
bonded systems of one water molecule with DMSO 
and DESO are open. 

- It was established that the hydrogen-bonded 
systems DESO–water (1:1, 1:2) are more stable than 
the systems DMSO–water (1:1, 1:2). 

- The predicted changes in the vibrational 
characteristics for the stretching S=O and C–H 
vibrations in the complexes DMSO–H2O (1:1; 1:2) 
and DESO–H2O (1:1; 1:2) are in good agreement 
with the experiment. Having in mind this result, it 
could be concluded that the optimized structures are 
reliable.  

Acknowledgements: The financial support by the 
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ВОДОРОДНО-СВЪРЗAНИ СИСТЕМИ НА ВОДА С ДИМЕТИЛ- И ДИЕТИЛСУЛФОКСИДИ. 
ТЕОРЕТИЧНО ИЗСЛЕДВАНЕ НА СТРУКТУРИ, СТАБИЛНОСТ И ВИБРАЦИОННИ СПЕКТРИ 

Й. Димитрова 
Институт по органична химия с център по фитохимия, Българска академия на науките,  

ул. „акад. Г. Бончев“ бл. 9, 1113 София 

Постъпила на 9 януари 2009 г.;   Преработена на 11 юни 2009 г. 

(Резюме) 

Изследвани са структурните и вибрационните характеристики на водородно-свързаните системи диметил-
сулфоксид (ДМСО)–вода (1:1, 1:2) и диетилсулфоксид (ДЕСО)–вода (1:1, 1:2) посредством ab initio и ТФП 
пресмятания с различни базисни набори. Пресмятанията показват, че оптимизираните структури на 
изследваните системи 1:2 са циклични, докато оптимизираните структури на водородно-свързаните системи 1:1 
са линейни. Коригираните стойности на енергията на свързване за водородно-свързаните системи са изчислени 
посредством ab initio и ТФП пресмятания с различни базисни набори с цел да се оцени тяхната стабилност. 
Установено е, че водородно-свързаните системи ДЕСО–вода (1:1, 1:2) са по-стабилни от системите ДМСО–вода 
(1:1, 1:2). Изследвано е влиянието на водородното свързване върху свойствата на мономерите (Н2О, ДМСО и 
ДЕСО). Установено е, че водородното свързване води до промени във вибрационните характеристики (вибра-
ционни честоти и интензивности на ивиците) на мономерите. Предсказаните вибрационни характеристики за 
изследваните водородно-свързаните системи са в много добро съгласие с експериментално наблюдаваните. 
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Synthesis and antimicrobial activity of pyrazole derivatives via  
1,3-dipolar cycloaddition of nitrile imines with ethyl acetoacetate 

K. B. Umesha1*, K. M. L. Rai2 
1 Department of Chemistry, Yuvaraja’s College, University of Mysore, Mysore - 570 005, India 

2 Department of Studies in Chemistry, University of Mysore, Manasagangotri, Mysore - 570 006, India 

September 17, 2008;   Revised June 18, 2009 

The ethyl acetoacetate reacts with the nitrile imines generated in situ by the catalytic dehydrogenation of diphenyl 
hydrazones using chloramine-T (CAT) to afford regioselective cycloadducts in 80% yields respectively. The structures 
of these compounds have been characterized by FT-IR, 1H NMR, 13C NMR and mass spectroscopic techniques and 
elemental analysis. All the pyrazole derivatives have been tested for their antibacterial and antifungal activities. 

Key words: 1,3-dipolar cycloaddition, nitrile imines, pyrazoles.  

INTRODUCTION 

Heterocyclic compounds are considered as the 
most promising molecules for the design of new 
drugs. 1,3-Dipolar cycloaddition reactions are an 
efficient synthetic tool for constructing biologically 
potent five membered heterocyclic compounds [1, 
2]. Pyrazoles, pyrazolines, pyrazolidines and pyra-
zolones are gaining importances as biologically 
active compounds possessing such as analgesic, 
antipyretic, antiinflammatory, germicidal and anti-
fungal activities [3, 4], antiprotozoal [5], fungicidal 
[6], bactericidal [6], herbicidal and plant growth 
regulating properties. 

Apart from the various dipolar reagent nitrile 
imines are used in numerous 1,3-dipolar cyclo-
addition reaction leading to pyrazoles, pyrazolines, 
pyrazolidines and other heterocyclic compounds [7]. 
Huisgen and co-workers first reported [8] the 
authentic in situ generation of nitrile imines by the 
thermolysis of 2,5-diphenyl tetrazole in the presence 
of ethyl phenyl propiolate and obtained 2,3,5-tri-
phenyl carbethoxypyrazole. The usual synthesis of 
nitrile imines involves the thermolysis or photolysis 
of tetrazole [8], oxidation of aldehyde hydrazones 
with lead tetra acetate [9], CAT [10] and mercuric 
acetate [11]. 

In addition to this, nitrile imines are known to 
react with heterocyclic compounds to yield a variety 
of polyheterocycles [12]. Shawali and co-workers 
[13] prepared a numerous pyrazole derivatives by 
the reaction of in situ generated nitrile imines 
obtained from hydrazidoyl halides with sodium salt 
of active methylene compounds, such as β-keto-

sulphones, β-ketoanilides and β-cyanoketones. 
Baruah et al. [14] generated the C-acetyl and C-
ethoxycarbonyl nitrile imines in situ from the cor-
responding hydrazonoyl halides in the presence of 
dry triethylamine in anhydrous chloroform, and 
have used these nitrile imines for the preparation of 
pyrazoles derivatives. The intramolecular cycload-
dition of in situ generated nitrile imine with aldo-
nitrones afforded triazoles [15]. Mogilaiah et al. 
[16] developed a solvent free method for the facile 
synthesis of 1,8-naphthyridinyl-pyrazoles using 
POCl3-DMF (Vilsmeier-Haack reagent) over silica 
gel under microwave irradiation. Aly et al. [17] 
showed a new synthetic route for the synthesis of 
some pyrazole derivatives from 3-aryl-1-phenyl-1H-
pyrazole-4-carbaldehydes. 

Padmavathi and co-workers [18] prepared acti-
vated bis pyrazolines and bis isoxazolines by 1,3-
dipolar cycloaddition of nitrile imines and nitrile 
oxides to activated bis olefinic systems in the 
presence of Chloramine-T. Bacchetti [19] prepared 
1,4-dicarboethoxy pyrazoles by intermolecular 
cycloaddition of nitrile imines with ethyl aceto-
acetate. Though there are more references available 
in the literature on cycloaddition of nitrile imines 
with alkenes and alkyne, there is a less information 
about the use of keto-enol tautomers as dienophile 
for the cycloaddition. We have synthesized [20] the 
1-(5-methyl-1,3-diphenyl-1H-pyrazol-4-yl)-ethanone 
in quantitative yield via 1,3-dipolar cycloaddition of 
enol form of acetyl acetone with the nitrile imines 
generated in situ by the catalytic dehydrogenation of 
diphenyl hydrazones using CAT. This prompted us 
to work in this area in detail to make it as a general 
method for the synthesis of pyrazoles derivatives. 

Bulgarian Chemical Communications, Volume 42, Number 1 (pp. 11–15) 2010
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RESULTS AND DISCUSSION 

It is well known that acetyl acetone and ethyl 
acetoacetate exist in two dynamic equilibrium states 
via, keto and enol forms. It is also known that 
typical cycloaddition of nitrile imines with alkenes 
and alkynes afford pyrazolines and pyrazoles 
respectively. It is interesting to note that, though the 
expected products are pyrazolines as similar to that 
of addition of nitrile imines to alkenes, the reaction 
afforded pyrazoles with loss of water molecule 
(Scheme). 

In typical reaction, a mixture of aldehyde hydra-
zone 1a with excess of ethyl acetoacetate 3 and 
CAT in glacial acetic acid was stirred at room 
temperature for about 2–3 hours. After the usual 
work up, 5a was isolated as light yellow oil in 80% 
yield. In similar manner, 1b–g were converted into 
the corresponding pyrazole derivatives 5b–g in good 
yields. IR, 1H NMR, 13C NMR, MS studies and 
elemental analysis provide the structural proof for 
the products. In 1H NMR spectra, the signals for the 
ethoxy protons appears as a quartet in the region δ 
4.12–4.31 ppm, (2H, J = 7.2 Hz, –OCH2–CH3), 
while the protons for the methyl group at C-5 appear 
as a singlet in the region δ 2.68–2.75 ppm. The 
downward shift of the methyl group at the C-5 is 
probably due to deshielding by the –CO–OC2H5 
group. These observations clearly indicate that the 
formation of the cycloadduct 5a is obtained via 
pyrazolines 4 with the loss of water molecule. In 13C 
NMR spectra, the –C-3 and C-4 appear as singlet 
(decoupled) in the region δ 160.82–161.14 and δ 
108.32–118.86 ppm respectively, C-5 appear as 
singlet in the region δ 176.14–176.26 ppm. All 
cycloadducts showed M+1 as a base peak in the 
mass spectra. Further, the elemental analysis sup-
ported the formation of the products. 

ANTIMICROBIAL SCREENING 

Synthesized pyrazoles (5a–g) were screened 
(dose of 100 µg) for their antibacterial activity 
against Gram-negative bacteria Escherichia coli (E. 
coli) and Gram-positive bacteria Staphylococcus 
aureus (S. aureus) using filter paper disc method 
[21]. Plates inoculated with E. coli were incubated 
for 48 h and plates inoculated with S. aureus for 24 
h respectively at room temperature. Streptomycin 
sulphate was used as a standard. After the period of 
incubation the inhibition zones were measured in 
mm and results obtained are shown in Table 1. All 
the compounds were also screened (dose of 100 µg) 
for their antifungal activity against Candida albi-
cans (C. albicans) and Aspergillus niger (A. niger) 
using Griseofulvin as a standard. The results are 

shown in Table 1. 
Compared with Streptomycin sulphate the com-

pounds 5b and 5e–g showed moderate antibacterial 
activity against E. coli and 5b and 5f against S. 
aureus. Compared with the standard Griseofulvin 
the compounds 5b–c, 5e and 5f showed promising 
antifungal activity against C. albicans and 5f against 
A. niger. 
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5a   R1 = R2 = R3 = H,
5b   R1 = -OCH3, R2 = R3 = H,
5c   R1 = R2 = -OCH3, R3 = H,
5d   R1 = R2 = R3 = -OCH3,
5e   R1 = Cl, R2 = R3 = H,
5f   R1 = -N(CH3)2, R2 = R3 = H,
5g   R1 = -CH3, R2 = R3 = H

 

Table 1. Antibacterial and antifungal activity of synthe-
sized pyrazole derivatives (5a–g). (Zone of inhibition in 
mm). 

Antibacterial activity Antifungal activity Compounds 

E. coli S. aureus C. albicans A. niger 

5a 08 10 06 06 
5b 12 12 08 06 
5c 10 08 08 04 
5d 10 08 06 04 
5e 12 10 08 06 
5f 14 12 10 08 
5g 12 10 06 04 

Streptomycin 
sulpate 

18 20 Not tested Not tested

Griseofulvin Not tested Not tested 14 12 

K. B. Umesha and K. M. L. Rai: Synthesis and antimicrobial activity of pyrazole derivatives… 



 13

EXPERIMENTAL SECTION 

The purity of all synthesized compounds was 
checked by thin layer chromatography using silica 
gel G. The final compounds were purified by 
column chromatography on silica gel (70–230 mesh, 
Merck) using mixture of chloroform:acetone (7:1) 
as eluent. 1H NMR spectra were registered either on 
a Bruker 300 MHz or Jeol 60 MHz Hitachi Perkin 
Elmer spectrometer, and 13C NMR spectra on a Jeol 
GSX 400 (75 MHz) instrument using 1% tetrame-
thylsilane in CDCl3 as an internal standard (chemical 
shifts are expressed in δ, ppm downfield from the 
tetramethylsilane). Mass spectra were obtained on 
an electron impact Maspec MSW 9629 spectrometer 
and important fragments are given with the relative 
intensities in brackets. 

Typical procedure for the preparation of ethyl 5-
methyl-1,3-diphenyl-1H-pyrazole-4-carboxylate (5a): 
A mixture of benzaldehyde hydrazone (1a, 2.35 g, 
12.0 mmol), excess of freshly distilled ethyl aceto-
acetate 3 (2.6 g, 20.0 mmol) and CAT (3.94 g, 14.0 
mmol) in glacial acetic acid (25 ml) were stirred at 
room temperature for 2–3 h. The progress of the 
reaction was monitored by TLC. After the comple-
tion of the reaction the residue was dissolved in 
ether (25 ml), washed successively with water (2 × 
20 ml), 1 N NaOH (1 × 10 ml), brine solution (2 × 
15 ml) and dried over Na2SO4. Evaporation of the 
solvent afforded crude oily substance. Purification 
was done by column chromatography using a mixture 
of dichloromethane:ethyl acetate (8:1) as eluent, 
which afforded 5a as light yellow oil in 80% yield 
(2.93 g). The pyrazole 5a showed IR bands (Nujol) 
ν: 1722 cm–1 (C=O), 1620 cm–1 (C=N), 1602 cm–1 
(C=C); 1H NMR (CDCl3) δ: 1.24 (t, 3H, J = 7.2 Hz, 
–OCH2–CH3), 2.72 (s, 3H, H3C–C(5)), 4.18 (q, 2H, 
J = 7.2 Hz, –OCH2–CH3), 7.05–7.26 (s, 5H, Ar’–H), 
7.65–7.78 (m, 5H, Ar”–H); 13C NMR (CDCl3) δ: 
0.92 (q, 1C, H3C–C(5)), 13.56 (q, 1C, –CH2–CH3), 
58.62 (t, 1C, –CH2–), 108.32 (s, 1C), 118.08 (d, 2C), 
124.42 (d, 1C), 124.56 (d, 2C), 126.22 (d, 2C), 
128.74 (d, 2C), 130.28 (s, 1C), 131.08 (d, 1C), 
132.42 (s, 1C), 161.12 (s, 1C), 176.22* (s, 1C, 5-C), 
174.88* (s, 1C, CO). MS (relative intensity) m/e for 
C19H18N2O2: 307 (M+1, 100), 277(31), 233 (38), 
218 (21), 194 (25), 112 (18), 103 (75), 91 (44), 88 
(10), 29(22). Anal. Calcd: C, 74.49; H, 5.92; N, 
9.14%. Found: C, 74.36; H, 5.72; N, 9.08%.  

Ethyl 3-(4-methoxyphenyl)-5-methyl-1-phenyl-1H-
pyrazole-4-carboxylate (5b): Obtained from 4-meth-
oxybenzaldehyde hydrazone 1b (2.71 g, 12 mmol), 
ethyl acetoacetate (2.6 g, 20.0 mmol) as an oily 
substance in 78% yield (3.14 g). IR bands (Nujol) ν: 
1716 cm–1 (C=O), 1618 cm–1 (C=N), 1596 cm–1 

(C=C); 1H NMR (CDCl3): δ 1.18 (t, 3H, J = 6.9 Hz, 
–OCH2–CH3), 2.75 (s, 3H, H3C–C(5)), 3.78 (s, 3H, 
–OCH3), 4.12 (q, 2H, J = 7.0 Hz, –OCH2–CH3), 
6.92 (d, 2H, Ar’–H), 7.22 (d, 2H, Ar’–H), 7.36–7.48 
(m, 5H, Ar”–H); 13C NMR (CDCl3) δ: 0.86 (q, 1C,  
H3C–C(5)), 13.54 (q, 1C, –CH2–CH3), 55.80 (q, 1C, 
4’–OCH3), 58.62 (t, 1C, –CH2–), 108.52 (s, 1C), 
118.18 (d, 2C), 122.56 (d, 2C), 124.88 (d, 1C), 
126.22 (d, 2C), 128.74 (d, 2C), 136.28 (s, 1C), 
131.08 (d, 1C), 132.42 (s, 1C), 160.82 (s, 1C), 
176.20* (s, 1C, 5-C), 171.68* (s, 1C, CO). MS 
(relative intensity) m/e for C20H20N2O3: 337 (M+1, 
100), 307(32), 263 (40), 248 (20), 224 (24), 112 
(16), 133 (78), 91 (46), 88 (10), 29(24). Anal. Calcd: 
C, 71.41; H, 5.99; N, 8.33%. Found: C, 71.38; H, 
5.87, N; 8.25%.  

Ethyl 3-(3,4-dimethoxyphenyl)-5-methyl-1-phenyl-
1H-pyrazole-4-carboxylate (5c). Obtained from 3,4-
dimethoxybenzaldehyde hydrazone 1c (2.56 g, 10 
mmol), ethyl acetoacetate (2.34 g, 18.0 mmol) as an 
oily substance in 82% yield (2.74 g). IR bands 
(Nujol) ν: 1720 cm–1 (C=O), 1622 cm–1 (C=N), 1596 
cm–1 (C=C); 1H NMR (CDCl3): δ 1.22 (t, 3H, J = 
7.0 Hz, –OCH2–CH3), 2.68 (s, 3H, H3C–C(5)), 3.75 
(s, 6H, –OCH3), 4.16 (q, 2H, J = 7.1 Hz, –OCH2–
CH3), 6.98–7.12 (m, 3H, Ar’–H), 7.48–7.66 (m, 5H, 
Ar”–H); 13C NMR (CDCl3) δ: 1.02 (q, 1C, H3C–
C(5)), 13.66 (q, 1C, –CH2–CH3), 55.76* (q, 1C, 4’–
OCH3), 55.84* (q, 1C, 3’–OCH3), 59.02 (t, 1C, –
CH2–), 108.86 (s, 1C), 118.28 (d, 2C), 122.52 (d, 
2C), 124.86 (d, 1C), 126.34 (d, 2C), 128.78 (d, 2C), 
136.36 (s, 1C), 131.12 (d, 1C), 132.44 (s, 1C), 
161.14 (s, 1C), 176.24* (s, 1C, 5-C), 171.72* (s, 1C, 
CO). MS (relative intensity) m/e for C21H22N2O4: 
367 (M+1, 100), 337(30), 293 (39), 278 (23), 254 
(28), 163 (76), 112 (14), 91 (46), 88 (12), 29(26). 
Anal. Calcd: C, 68.84; H, 6.05; N, 7.65%. Found: C, 
68.77; H, 5.96; N, 7.54%.  

Ethyl 5-methyl-1-phenyl-3-(3,4,5-trimethoxyphe-
nyl)-1H-pyrazole-4-carboxylate (5d). Obtained from 
3,4,5-trimethoxybenzaldehyde hydrazone 1d (2.86 
g, 10 mmol), ethyl acetoacetate (2.34 g, 18.0 mmol) 
as an oily substance in 81% yield (3.20 g). IR bands 
(Nujol) ν: 1718 cm–1 (C=O), 1620 cm–1 (C=N), 1600 
cm–1 (C=C); 1H NMR (CDCl3) δ: 1.26 (t, 3H, J = 7.1 
Hz, –OCH2–CH3), 2.70 (s, 3H, H3C–C(5)), 3.71 (s, 
9H, –OCH3), 4.22 (q, 2H, J = 7.2 Hz, –OCH2–CH3), 
6.96 (m, 2H, Ar’–H), 7.52–7.68 (m, 5H, Ar”–H); 

13C NMR (CDCl3) δ: 1.04 (q, 1C, H3C–C(5)), 13.62 
(q, 1C, –CH2–CH3), 56.6 (q, 2C, 3’,5’–OCH3), 58.4 
(q, 1C, 4’–OCH3), 59.22 (t, 1C, –CH2–), 108.66 (s, 
1C), 122.28 (d, 2C), 124.66 (d, 1C), 126.48 (d, 2C), 
128.56 (d, 2C), 136.54 (s, 1C), 131.24 (d, 1C), 
132.46 (s, 1C), 136.12 (d, 2C), 161.04 (s, 1C), 
176.22* (s, 1C, 5-C), 169.88* (s, 1C, CO). MS 
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(relative intensity) m/e for C22H24N2O5: 397 (M+1, 
100), 367(29), 323 (42), 308 (24), 284 (22), 193 
(76), 112 (21), 91 (46), 88 (14), 29(30). Anal. Calcd: 
C, 66.65; H, 6.10; N, 7.07%. Found: C, 66.56; H, 
5.98; N, 7.04%.  

Ethyl 3-(4-chlorophenyl)-5-methyl-1-phenyl-1H-
pyrazole-4-carboxylate (5e). Obtained from 4-chlo-
robenzaldehyde hydrazone 1e (2.76 g, 12 mmol), 
ethyl acetoacetate (2.6 g, 20.0 mmol) as an oily 
substance in 79% yield (3.21g). IR bands (Nujol) ν: 
1724 cm–1 (C=O), 1616 cm–1 (C=N), 1598 cm–1 
(C=C); 1H NMR (CDCl3) δ: 1.25 (t, 3H, J = 7.2 Hz, 
–OCH2–CH3), 2.74 (s, 3H, H3C–C(5)), 4.22 (q, 2H, 
J = 7.1 Hz, –OCH2–CH3), 6.98 (d, 2H, Ar’–H), 7.18 
(d, 2H, Ar’–H), 7.44–7.60 (m, 5H, Ar”–H); 13C 
NMR (CDCl3) δ: 1.02 (q, 1C, H3C–C(5)), 13.58 (q, 
1C, –CH2–CH3), 59.22 (t, 1C, –CH2–), 108.48 (s, 
1C), 123.36 (d, 2C), 124.36 (d, 1C), 127.22 (d, 2C), 
128.62 (d, 2C), 134.62 (d, 1C), 132.46 (s, 1C), 
136.12 (d, 2C), 138.14 (s, 1C), 161.84 (s, 1C), 
176.14* (s, 1C, 5-C), 169.88* (s, 1C, CO). MS 
(relative intensity) m/e for C19H17N2O2Cl: 341 
(M+1, 100), 311 (30), 267 (41), 252 (18), 228 (34), 
137 (76), 112 (16), 91 (42), 88 (12), 29(26). Anal. 
Calcd: C, 66.96; H, 5.03; N, 8.22%. Found: C, 
66.91; H, 4.90; N, 8.16%.  

Ethyl 3-(4-N,N-dimethylaminophenyl)-5-methyl-
1-phenyl-1H-pyrazole-4-carboxylate (5f). Obtained 
from 4-N,N-dimethylbenzaldehyde hydrazone 1f 
(2.86 g, 12 mmol), ethyl acetoacetate (2.6 g, 20.0 
mmol) as an oily substance in 78% yield (3.25 g). 
IR bands (Nujol) ν: 1728 cm–1 (C=O), 1624 cm–1 
(C=N), 1602 cm–1 (C=C); 1H NMR (CDCl3) δ: 1.28 
(t, 3H, J = 6.9 Hz, –OCH2–CH3), 2.68 (s, 3H,  
H3C–C(5)), 2.98 (s, 6H, –N(CH3)2), 4.31 (q, 2H, J = 
6.8 Hz, –OCH2–CH3), 7.08 (d, 2H, Ar’–H), 7.24 (d, 
2H, Ar’–H), 7.48–7.66 (m, 5H, Ar”–H); 13C NMR 
(CDCl3) δ: 1.04 (q, 1C, H3C–C(5)), 13.62 (q, 1C,  
–CH2–CH3), 44.36 (q, 2C, –N(CH3)2), 59.28 (t, 1C,  
–CH2–), 108.38 (s, 1C), 123.16 (d, 2C), 124.30 (d, 
1C), 127.44 (d, 2C), 128.56 (d, 2C), 130.04 (d, 2C), 
132.46 (s, 1C), 134.78 (d, 1C), 138.24 (s, 1C), 
161.12 (s, 1C), 176.26* (s, 1C, 5-C), 169.36* (s, 1C, 
CO). MS (relative intensity) m/e for C21H23N3O2: 
350 (M+1, 100), 320 (28), 276 (42), 261 (22), 237 
(26), 146 (74), 112 (22), 91 (40), 88 (14), 29(30). 
Anal. Calcd: C, 72.18; H, 6.63; N, 12.03%. Found: 
C, 72.12; H, 6.51; N, 11.96%.  

Ethyl 5-methyl-1-phenyl-3-p-tolyl-1H-pyrazole-
4-carboxylate (5g). Obtained from 4-methylbenz-
aldehyde hydrazone 1g (2.10 g, 10 mmol), ethyl 
acetoacetate (2.08 g, 16.0 mmol) as an oily sub-
stance in 80% yield (2.56 g). IR bands (Nujol) ν: 
1726 cm–1 (C=O), 1626 cm–1 (C=N), 1598 cm–1 
(C=C); 1H NMR (CDCl3) δ: 1.30 (t, 3H, J = 6.7 Hz, 

–OCH2–CH3), 2.16 (s, 3H, H3C–C(5)), 2.72 (s, 3H, 
–CH3), 4.26 (q, 2H, J = 6.8 Hz, –OCH2–CH3), 7.06 
(d, 2H, Ar’–H), 7.28 (d, 2H, Ar’–H), 7.42–7.64 (m, 
5H, Ar”–H); 13C NMR (CDCl3) δ: 0.96 (q, 1C,  
H3C–C(5)), 13.58 (q, 1C, –CH2–CH3), 21.06 (q, 3H, 
H3C–C(4’)), 59.08 (t, 1C, –CH2–), 108.44 (s, 1C), 
124.04 (d, 2C), 124.44 (d, 1C), 127.66 (d, 2C), 
128.58 (d, 2C), 130.18 (d, 2C), 132.52 (s, 1C), 
134.86 (d, 1C), 138.32 (s, 1C), 161.02 (s, 1C), 
176.16* (s, 1C, 5-C), 169.22* (s, 1C, CO). MS 
(relative intensity) m/e for C20H20N2O2: 321 (M+1, 
100), 291(30), 247 (40), 232 (22), 208 (26), 164 
(78), 112 (18), 91 (42), 88 (12), 29(26). Anal. Calcd: 
C, 74.98; H, 6.29; N, 8.74%. Found: C, 74.92; H, 
6.17; N, 8.66%. 
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СИНТЕЗ И АНТИМИКРОБНА АКТИВНОСТ НА ПИРАЗОЛОВИ ПРОИЗВОДНИ ПОЛУЧЕНИ ЧРЕЗ 

1,3-ДИПОЛЯРНО ЦИКЛОПРИСЪЕДИНЯВАНЕ НА НИТРИЛИМИНИ И ЕТИЛАЦЕТОАЦЕТАТ 

К. Б. Умеша1*, К. М. Л. Рай2 
1 Департамент по химия, Колеж на Ювараджа, Университет на Майсур, Майсур 570005, Индия 

2 Департамент за химически изследвания, Университет на Майсур, Манасаганготри, Майсур 570006, Индия 

Постъпила на 17 септември 2008 г.;   Преработена на 18 юни 2009 г. 

(Резюме) 

Етилацетоацетат реагира с нитрилимини получени in situ чрез каталитично дехидрогениране на дифенил-
хидразон в присъствие на хлорамин-Т (САТ) до получаване на съответни региоселективни циклоадукти с добив 
80%. Структурата на тези съединения е охарактеризирана с ИЧС, 1Н ЯМР, 13С ЯМР, масспектрометрия и 
елементен анализ. Всички пиразолови производни са изпитани за техните антибактериална и антигъбична 
активности. 
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Synthesis of nanoporous carbon from plant wastes and coal treatment products 
N. Petrov1, T. Budinova1*, B. Tsyntsarski1, B. Petrova1, D. Teodosiev2, N. Boncheva3  

1 Institute of Organic Chemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev St., Block 9, Sofia 1113, Bulgaria 
2 Space Research Institute, Bulgarian Academy of Sciences, 6 Moskovska St., Sofia 1000, Bulgaria 

3 Prof. Asen Zlatarov University, 1 Prof. Yakimov Blvd., Burgas 8010,  Bulgaria  

Received April 8, 2009;   Revised June 25, 2009  

Synthetic nanoporous carbons are produced from mixtures containing coal tar pitch and furfural in different 
proportions. It was determined that the surface area and amount of oxygen containing groups on the surface 
significantly depend on the composition of the initial mixture. Best quality carbon with developed pore structure with 
prevailing content of micropores was obtained from the precursor containing 50% furfural. Various oxygen containing 
structures are established on the synthetic nanoporous carbon surface. 

Key words: nanoporous carbon, synthesis, treatment products, plant, coal. 

INTRODUCTION 

Considerable amount of liquid products is 
separated during the different thermal treatments 
(pyrolysis, gasification, etc.) of plant wastes and 
coals, but efficient exploitation of these liquid 
products has not been found yet. Therefore there is a 
need to promote the development of successful 
solution for their effective utilization. Thus liquid 
products from pyrolysis of agricultural wastes and 
low rank coals can be used for the fabrication of 
monolithic carbon as a precursor for the production 
of porous carbon. When produced on the base of 
pyrolysis liquid products, microporous carbons are 
practically ash free carbons. By using a combination 
of sources  and appropriate methods of treatment, 
porous carbons with different chemical surface 
properties could be obtained. Synthetic carbons with 
various surface chemistry can be obtained by 
pyrolysis of raw materials containing heteroatoms in 
different forms or pyrolysis of raw material in the 
presence of heteroatoam-containing substances [1–
3]. Other possibility is modification of the carbon 
surface with heteroatom-containing reagents [4–6].  

Investigations are intended to obtain nanoporous 
carbons with different chemical character of the 
surface from mixtures of coal tar pitch and biomass 
treatment products – this could reveal the possibility 
for effective utilization of pyrolysis liquid products 
by production of synthetic carbons with wide 
application area.  

The aim of our investigations is the invention 
and development of process for production of nano-
porous carbons with different chemical character of 

the surface on the base of coal and plant treatment 
products. Present work deals with the investigation 
of the influence of the proportion of the initial 
mixture from coal tar pitch and furfural on the 
properties of produced nanoporous carbons.  

EXPERIMENTAL 

Synthesis procedure 

Coal tar pitch with softening point 72°C was 
heated up to 140°C until melting and furfural was 
added. The obtained mixtures was treated with conc. 
H2SO4 with continuously stirring until solidification. 
The solid product obtained was heated up to 600°C 
in a covered silica crucible with a heating rate of 
10°C/min under nitrogen atmosphere (carbonization 
process). Steam activation with water vapour at 
800°C for 1 h of obtained carbonizates was used for 
nanoporous carbon producing.  

Porous carbon characterization 

The porous structure of carbon adsorbents was 
studied by N2 adsorption at 77 K. The total pore 
volume (Vtotal) is derived from the amount of N2 
adsorbed at a relative pressure of 0.95, assuming 
that the pores are then filled with liquid adsorbate. 
The Dubinin-Radushkevich equation was used to 
calculate the micropore volume (Vmicro) [7]. The 
mesopore volume was calculated by subtracting the 
amount adsorbed at a relative pressure of 0.1 from 
that at a relative pressure of 0.95.  

Oxygen-containing functional groups. 

The amount of oxygen-containing functional 
groups with increasing acidity was determined by 
Boehm's method of titration with basic solutions of 
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different base strength (NaHCO3, Na2CO3, NaOH, 
C2H5ONa). For this purpose the samples were 
agitated for at least 16 h with 0.05 N solutions of the 
four bases. The amount of Na+ ions remaining in the 
solution is determined by adding an excess of 
standard HCl and backtitrating [8]. The basic groups 
content of the oxidized samples is determined with 
0.05 N HCl [9]. 

pH determination 

The procedure is as follows: 4.0 g of carbon 
(ground, undried) is weighed into a 250 ml beaker 
and 100 ml of water is added. The beaker is covered 
with a watch glass and heated to boiling temperature 
for 5 minutes. The mixture is set aside and the 
supernatant liquid is poured off at 60°C. The 
decanted portion is cooled down  to room tempe-
rature and is measured to nearest 0.01 pH. 

RESULTS AND DISCUSSION 

For the production of synthetic nanoporous 
carbon, 100 g of the mixture of pitch obtained from 
apricot stones steam pyrolysis tar and furfural in the 
proportion 70:30, 60:40, 50:50 and 40:60. 

The characterization of initial pitch (Table 1) is 
valuable for understanding the processes taking 
place during the preparation and modification of the 
precursor mixture with H2SO4. 
Table 1. Elemental analysis of coal tar pitch. 

Elemental analysis (daf),   % Samle Softening 
point,  

oC C H N S O (diff.) C/H

Pitch 
initial 

72 90.90 4.95 0.90 0.50 2.75 1.53

daf – dry and ash free basis. 

Data show, that pitch precursor possess middle 
value of softening point temperature. The amount of 
oxygen containing structures is not high. C/H ratio 
indicates mainly presence of aromatic structures in 
the pitch.  

Content of neutral parts, bases, acids and phenols 
in the pitch precursor was determined by the 
following scheme (Fig. 1). 

Obtained results are presented in Table 2. Data in 
Table 2 show, that precursor pitch contains 
predominantly neutral compounds. The presence of 
small amounts of phenols, acids and relatively 
higher amount of organic basis is determined. The 
results indicate that small quantity of structures can 
be involved in condensed reaction with formation of 
higher molecular products to produce solid product. 
This fact determines the necessity for adding 
reactive structures to the pitch what will allow easier 

solidification of the precursor. We used furfural as 
reactive structure. 

 
Fig. 1. Scheme for the separation of pitch. 

Table 2. Content of neutral parts, bases, acids and phenols 
in the pitch precursor. 

Solubility class separation of CHS* part of 
pitches,   % 

Samples 

Neutral part Phenols Bases Acids 

Pitch initial 86.68 2.57 9.16 1.59 
* - CHS - chloroform soluble. 

We decided to use as a precursor mixture of coal 
tar pitch and furfural, because the last is inclined to 
polymerization reactions and will promote solidifi-
cation of the mixture. The mixtures containing dif-
ferent amounts of furfural were used. The proximate 
and elemental analysis of obtained carbons is pre-
sented in Table 3. Data show, that with decreasing 
the content of furfural in the initial mixture increase 
the content of carbon in the final product due to the 
prevailing content of aromatic structures in the pitch. 
As the furfural inserts oxygen in the precursor, 
higher amount of furfural increases the content of 
oxygen in the synthesized carbon and make it more 
alkaline. Pitch contains mineral compounds and 
introduces them in the precursor and respectively in 
the final product.  

Table 3. Chemical composition of the carbon adsorbents 
obtained from mixtures of biomass products. 

Proximate 
analysis,  % 

Elemental analysis (daf),  
% 

Sample 

W Ashd pH C H N S Odiff.

S60 5.8 0.61 8.4 80.27 2.31 0.31 0.29 16.82
S50 5.1 0.72 7.5 81.14 2.56 0.28 0.54 15.48
S40 5.5 0.82 7.5 82.16 2.66 0.30 0.66 14.22
S30 5.2 0.93 7.3 82.87 2.71 0.32 0.71 13.39

daf – dry and ash free basis;   d – dry basis;   W – water content. 
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It is known that the value of iodine number is 
close to surface area of sample determined by N2 
adsorption [10]. That is why the iodine number was 
used as preliminary test for surface area of S60, 
S50, S40, S30 – carbons obtained from mixtures 
containing 60, 50, 40, 30% furfural obtained 
synthetic carbons. 

Table 4 present the iodine numbers of the 
carbons obtained from mixtures of coal tar pitch 
with furfural in different proportions using the same 
conditions (activation temperature 800°C, duration 
of activation 1 h). The results confirm that there are 
significant differences in the surface areas of the 
obtained carbons. With the increase of the amount 
of furfural in the mixture the surface area of 
obtained carbon also increases. Data indicate that 
texture of this carbon is not too firm, but it is more 
reactive and this allows the formation of higher 
surface area in the result of interaction with activa-
tion reagent. This is confirmed from the decrease of 
the yield of the final product with the rising the 
content of furfural in initial mixture. 
Table 4. Data for the adsorption of iodine on the surface 
of synthetic carbons, obtained from mixtures containing 
coal tar pitch and furfural in different proportion. 

Synthetic carbons Parameter 

S60 S50 S40 S30 

Iodine number,   mg/g 1210 1100 900 750 
Yield of nanoporous carbon, % 40 49 55 62 

In addition to pore structure and surface area, 
other important characteristic of obtained carbon is 
the surface chemistry. Table 5 show the determined 
content of oxygen containing groups with acidic and 
basic character on the surface of obtained carbons. 

The increased content of acidic oxygen groups in 
the sample with higher content of furfural unam-
biguously indicates that inserting of oxygen in the 
precursor by furfural increases the formation of 
oxygen containing structures in the final product, 
particularly the acidic surface oxides. The amount of 
basic oxides does not depend significantly on  the 
content of furfural in initial mixture. 
Table 5. Acid-base neutralization capacities of the 
obtained carbons. 

Base uptake,  
meq·g–1 

Acid 
uptake

Sample 

NaHCO3 Na2CO3 NaOH EtONa HCl 

S60 0.043 0.092 0.293 1.386 0.592 
S50 0.024 0.053 0.138 0.977 0.585 
S40 0.019 0.034 0.081 0.739 0.575 
S30 0.012 0.023 0.049 0.599 0.555 

More detailed characterization was performed 
with the sample obtained from mixture containing 

50% furfural. The N2 (77 K) adsorption isotherm of 
carbon obtained from mixture furfural:pitch – 50:50 
is presented in Figure 2.  

The adsorption investigations (steep increase in 
the beginning of the isotherm) reveal that the 
activation with water vapour leads to the formation 
of microporous carbon.  
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Fig. 2. N2 (77 K) adsorption isotherm of synthetic carbon 
obtained from mixture containing 50% furfural. 

The surface area and volumes of micro-, meso- 
and macropores of the carbons are presented in 
Table 6. Data show prevailing content of micropores 
in the obtained carbon and high surface area. 
Table 6. Porosity characteristic of activated carbon 
obtained from mixture of biomass products. 

Pore volume, (cm3·g–1) Sample N2 BET 
surface area 

(m2·g–1) Total Micro Meso Macro

S50 1100 0.492 0.236 0.138 0.118 

The Pore size distribution of S50 sample is 
presented in Figure 3.  
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Fig. 3. Micropore size distribution of synthetic carbon 

obtained from mixture containing 50% furfural and 50% 
coal tar pitch. 

Figure 3 show that carbon obtained from initial 
mixture containing 50% furfural possesses predomi-
nantly micropores with size from 1.2 to 2.0 nm. The 
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prevailing amount of pores is with size around 1.6 
nm. This pore size distribution is appropriate for 
application of obtained carbon in many fields of 
industry because prevailing amount of pores are 
accessible for great number of organic and inorganic 
molecules. 

CONCLUSIONS 

It was determined that mixtures of furfural and 
coal tar pitch are appropriate raw material for syn-
thesis of nanoporous carbon with insignificant ash 
content. The surface value and amount of oxygen 
containing groups on the surface significantly depend 
on the composition of the mixture. The activation is 
faster when carried out with carbon obtained from 
mixture with higher content of furfural. Consider-
ably amount of oxygen structures is established on 
synthetic carbon surface. Best result was achieved 
using precursor containing 50% furfural. The 
obtained carbon possesses developed pore structure 
with prevailing content of micro-pores.  
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(Резюме) 

Синтетични нанопорести въглени са получени на основата на смеси, съдържащи каменовъглен пек и 
фурфурол в различно съотношение. Определено е, че специфичната повърхност и съдържанието на кислородни 
групи върху нея в значителна степен зависи от състава на изходната смес. Най-висококачествен въглен, с 
развита порьозна структура и преобладаващо съдържание на микропори, е получен от суровина, съдържаща 
50% фурфурол. Кислородсъдържащи структури с различен характер са определени върху повърността на 
получените синтетични нанопорести въглени. 

N. Petrov et al.: Synthesis of nanoporous carbon from plant wastes 



 

 20

Novel synthesis of new symmetrical bis-heterocyclic compounds:  
synthesis of bis-thiazolo, bis-pyrazolo-, bis-benzotriazolo, bis-indolo- and  

bis-pyrazolyl thiazolo-2,6-diamino pyridine derivatives 
N. I. Abdel-Sayed 

Chemistry Department, Faculty of Women for Arts, Science and Education, Ain Shams University,  
Heliopolis, P.O. Box 11757, Cairo, A. R. Egypt 
Received December 25, 2008;   Revised June 8, 2009 

The reaction of 2,6-diaminopyridine with chloroacetyl chloride yielded 2,6-bis-(2-chloroacetamido-N-yl) pyridine. 
The later reacted with KCN, KSCN, indole and benzotriazole separately to give 2,6-bis-(cyanoacetamido-N-yl)pyridine 
[which on coupling with benzenediazonium chloride yielded the bis-cyanophenyl hydrazone derivative and by refluxing 
the later compound with chloroacetonitrile afforded 2,6-diamido-bis-(4-amino-5-cyano-1-phenylpyrazol-3-yl)pyridine], 
2,6-bis-(thiocyanate acetamido-N-yl)pyridine, 2,6-bis-[2-(1[H]-indol-3-yl)acetamido-N-yl] pyridine and 2,6-bis-[2-
(1,2,3-benzotriazol-1-yl)acetamido-N-yl]pyridine, respectively. Acetylation of 2,6-diaminopyridine with acetic anhydride 
afforded 2,6-bis-(acetamido-N-yl) pyridine which on coupling with benzenediazonium chloride yielded the bis-phenyl-
hydrazone derivative. By reacting the later with chloroacetonitrile afforded 2,6-diamino-bis-(5-cyano-1-phenylpyrazol-
4-yl)pyridine. Under basic conditions the reaction of 2,6-diaminopyridine with CS2 followed by ethyl-α-bromo-
cyanoacetate and phenacyl bromide separately afforded 2,6-bis-(5-cyano-4-hydroxythiazol-3-yl-2-thione)pyridine and 
2,6-bis-(4-phenyl thiazol-3-yl-2-thione)pyridine respectively. Condensation of the later compounds separately with 
malononitrile yielded the dicyanomethinothiazole derivatives. The reaction of either hydrazine hydrate or phenyl 
hydrazine with the thiazolyl thione derivatives or with the dicyanomethinothiazole derivatives afforded the hydrazono- 
thiazole and the pyrazole derivatives respectively. 

Key words: 2,6-diaminopyridine; bis-(thiazolo)pyridine; bis-(pyrazolo)pyridine; bis-(hydrazonopyrazolo)pyridine. 

INTRODUCTION  

The incorporation of two moieties increases 
biological activity of both and thus it was of value to 
synthesize some new heterocyclic derivatives having 
two moieties in the same molecules. In continuation 
to our programme [1–10], this research has been 
devoted to the development of new classes of bis-
heterocycle systems which incorporate the bis-thi-
azolo-, bis-pyrazolo-, bis-benzotriazolo-, bis-indolo-, 
bis-triazolo- and bis-pyrazolyl thiazolo- pyridine 
derivatives moiety. The importance of such com-
pounds lies in their diverse pharmaceutical activi-
ties namely antibacterial [11, 12], antidiabetic [13], 
anti HIV [14], antiviral [15, 16] and analgesic 
activities.  

RESULTS AND DISCUSSION  

Mixing 2,6-diaminopyridine with chloroacetyl-
chloride in dioxane afforded the 2,6-bis-(2-chloro-
acetamido)pyridine 2 (Scheme 1). Compound 2 could 
be converted into 7 on treatment with potassium 
cyanide and into 8 on treatment with potassium thio-

cyanate. Treatment of 2 with indole and with benzo-
triazole separately in toluene/triethylamine afforded 
9 and 10, respectively. The 1H NMR of 10 revealed 
non identity of all four benzotriazolyl protons.  

Compound 11 is symmetrical and should have 
shown only two signals for these protons (Scheme 
2). Compound 7 coupled readily with benzene dia-
zonium chloride to yield the bis-aryl hydrazone 
derivative 12 which on refluxing in DMF with 
chloroacetonitrile afforded the bis-pyrazolyl diami-
dopyridine derivative 14 (Scheme 2). On the other 
hand acetylation of compound 1 yielded the 2,6-bis-
(acetamido)pyridine 3 (Scheme 1). Coupling of 3 
with benzene diazonium chloride afforded the bis-
hydrazone derivative 15. Thus, reacting 15 with 
chloroacetonitrile in a mixture of DMF and tri-
ethylamine has afforded 17 in excellent yield. Inter-
mediacy of 16 is most likely (Scheme 2). Further, 
the reaction of 1 with carbon disulphide under basic 
conditions in KOH/DMF solution affords the non 
isolable intermediate, the N-potassium thiocarba-
mate salt 4 [17]. Thus, the reaction of 4 with ethyl-
α-bromocyanoacetate and with phenacyl bromide 
separately afforded the thiazole derivatives 5 and 6 
respectively (Scheme 1).  
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Scheme 1. 

Confirmation of the structures of 5 and 6 were 
obtained through studying their reactivity towards 
chemical reagents. The reaction of compounds 5 or 
6 with either hydrazine hydrate or phenyl hydrazine 
afforded the corresponding hydrazone derivatives 
18a,b and 22a,b respectively (Scheme 3). Forma-
tion of the latter compounds took place through 
elimination of hydrogen sulphide. Their structures 
were confirmed by analytical and spectral data. The 
reaction of 5 and 6 with malononitrile gave the 
condensed products the dicyanomethino derivatives 
19 and 23 respectively (Scheme 3); their formation 
took place via elimination of hydrogen sulphide. 
The reaction of 19 and 23 with either hydrazine 
hydrate or phenylhydrazine afforded the pyrazole 
derivatives 20, 21, 24 and 25 (Scheme 3). The 
structures of the latter compounds were confirmed 
by analytical and spectral data.  

EXPERIMENTAL  

All melting points are uncorrected. IR spectra 
(KBr) were recorded on a Pye Unicam SP-100 spec-
trophotometer. 1H and 13C NMR spectra (DMSO-d6 
as a solvent) were obtained on a Varian Gemini 200 
and on a Bruker AC200 and AC600 MHz spectro-
meters respectively, TMS as internal standard, 
chemical shifts in δ (ppm); mass spectra: AEI MS 
30 mass spectrometer operating at 70 eV; elemental 
analysis were obtained from Microanalytical Data 

Unit at Cairo University, Egypt.  
2,6-Bis-(2-chloroacetamido-N-yl) pyridine (2): A 

mixture of 1 (1.09 g, 10 mmol) and chloroacetyl-
chloride (2.30 g, 20 mmol) in 20 ml of dioxane was 
refluxed for 45 min. The mixture was allowed to 
cool to room temperature then poured onto cold 
water. The obtained solid was collected by filtration 
and crystallized from methanol to give pale pink 
crystals (93% yield), m.p. 105°C; IR (KBr) ν (cm–1): 
3118 (NH) and 1700 (C=O); 1H NMR (DMSO-d6) δ 
(ppm): 4.58 (s, 4H, 2CH2), 8.10–8.30 (m, 3H, pyr-
H), 8.50 (s, 2H, 2NH); 13C NMR (DMSO-d6) δ 
(ppm): 190.5 (2CO), 154.2 (C-2 and C-6 pyridine), 
149.3 (C-3 and C-5 pyridine), 138.5 (C-4 pyridine), 
53.23 (CH2); MS: m/z = 262 [M·+]; Anal. Calcd. for 
C9H9N3Cl2O2 (262.09): C, 41.24; H, 3.46; N, 16.03; 
Cl, 27.05. Found: C, 41.35; H, 3.47; N, 16.25; Cl, 
27.35. 

2,6-Bis-(acetamido-N-yl) pyridine (3): Reflux 
gently 1 g of 1 and 3 ml of acetic anhydride for 15 
min. Pour in 20 ml of cold water then boil to destroy 
any excess of acetic anhydride. Filter the precipitate, 
wash with a little cold water and dry in air. Crys-
tallization from ethanol afforded 0.18 g of a creamy 
crystals (95% yield), m.p. 95°C; IR (KBr) ν (cm–1): 
3225 (NH), 1700 (C=O); 1H NMR (DMSO-d6) δ 
ppm: 1.5 (s, 6H, 2CH3), 8.10–8.30 (m, 3H, pyr-H), 
8.55 (s, 2H, 2NH); 13CNMR (DMSO-d6) δ (ppm): 
184.5 (2CO), 153.5 (C-2 and C-6 pyridine), 148.4 
(C-3 and C-5 pyridine), 138.7 (C-4 pyridine), 24.15 
(CH3); MS: m/z = 193 [M·+]; Anal. Calcd. for 
C9H11N3O2 (193.21): C, 55.95; H, 5.74; N, 21.75. 
Found: C, 55.90; H, 5.76; N, 21.90. 

2,6-Bis (5-cyano-4-hydroxythiazol-3-yl-2-thione) 
pyridine (5): To a solution of 1 (1.09 g, 0.01 mol) in 
30 ml of DMF, carbon disulphide (1.52 g, 0.02 mol) 
and potassium hydroxide (1.12 g, 0.02 mol) in 10 ml 
of water were added. The whole reaction mixture 
was heated in a boiling water bath for 1 h then left 
to cool till 20°C. To a cold solution of the reaction 
mixture (3.84 g, 0.02 mol) of ethyl α-bromocyano-
acetate was added. The reaction mixture was stirred 
at room temperature for one night. The solid product, 
formed upon acidification with hydrochloric acid, 
was collected by filtration and crystallized from 
dioxane to give orange crystals (87% yield), m.p. 
150°C; IR (KBr) ν (cm–1): 3480–3340 (OH), 2225 
(2 CN), 1210–1195 (2 C=S); 1H NMR (DMSO-d6) δ 
(ppm): 7.90–8.25 (m, 3H, pyr-H), 10.33 (s, 2H, 
2OH); 13C NMR (DMSO-d6) δ (ppm): 164.5 (2C=S), 
153.2 (C-2 and C-6 pyridine), 150.2 (C-4 and C-4' 
thiazole), 148.1 (C-3 and C-5 pyridine), 140.8 (C-5 
and C-5' thiazole), 138.1 (C-4 pyridine), 119.7 (2CN); 
MS: m/z = 391 [M·+]; Anal. Calcd. for C13H5N5S4O2 
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(391.47): C, 39.89; H, 1.29; N, 17.89; S, 32.76. 
Found: C, 39.95; H, 1.31; N, 18.01; S, 32.80. 

2,6-Bis-(4-phenylthiazol-3-yl-2-thione)pyridine (6): 
To a solution of 1 (1.09 g, 0.01 mol) in 30 ml of 
DMF, (1.52 g, 0.02 mol) of carbon disulphide and 
(1.12 g, 0.02 mol) of potassium hydroxide in 10 ml 
of water were added. The whole reaction mixture 
was heated in boiling water bath for 1 h then left to 
cool down to 20°C; (3.96 g, 0.02 mol) of phenacyl-
bromide was added to this cold solution. The reac-
tion mixture was stirred at room temperature for one 
night. The solid product formed upon acidification 
with hydrochloric acid was collected by filtration. 

Crystallization from dioxane gave red crystals (80% 
yield), m.p. 99°C; IR (KBr) ν (cm–1): 3060 (CH aro-
matic), 1200–1190 (C=S); 1H NMR (DMSO-d6) δ 
(ppm): 6.95 (s, 2H, thiazole H-5), 7.32–7.55 (m, 
10H, 2C6H5), 7.95–8.30 (m, 3H, pyr-H); 13C NMR 
(DMSO-d6) δ (ppm): 180.4 (C-5 and C-5' thiazole), 
164.1 (2C=S), 153.4 (C-2 and C-6 pyridine), 148.8 
(C-3 and C-5 pyridine), 146.5 (C-4 and C-4' thia-
zole), 138.5 (C-4 pyridine), 152.1, 143.2, 132.1, 129.5, 
128.5, 126.2 (C-arom.); MS: m/z = 461 [M·+]; Anal. 
Calcd. for C23H15N3S4 (461.65): C, 59.84; H, 3.28; 
N, 9.10; S, 27.78. Found: C, 59.80; H, 3.27; N, 9.11; 
S, 27.82. 
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Scheme 3. 

2,6-Bis-(cyanoacetamido-N-yl) pyridine (7): To 
a warmed solution of 2 (1.31 g, 5 mmol) in 10 ml 
benzene, were added (0.78 g, 12 mmol) of potassium 
cyanide in 10 ml of water. The reaction mixture was 
stirred at 50°C (bath temperature) for 1 h, then the 
aqueous layer was separated and poured onto 
acidified cooled water. The product, so formed, was 
collected by filtration and dried. Crystallization from 
acetic acid gave creamy crystals (95% yield), m.p. 
235°C; IR (KBr) ν (cm–1): 2252 (CN), 3220 (NH), 

1638 (C=O); 1H NMR (DMSO-d6) δ (ppm): 4.48 (s, 
4H, 2 CH2), 8.10–8.30 (m, 3H, pyr-H), 9.45 (s, 2H, 
2NH); MS: m/z = 243 [M·+]; Anal. Calcd. for 
C11H9N5O2 (243.23): C, 54.32; H, 3.73; N, 28.79. 
Found: C, 54.37; H, 3.74; N, 28.84.  

2,6-Bis-(thiocyanate acetamido-N-yl)pyridine (8): 
To a warmed solution of 2 (1.13 g, 5 mmol) in 10 
ml acetonitrile, were added (0.92 g, 12 mmol) of 
potassium thiocyanate. The reaction mixture was 
stirred at 50°C (bath temperature) for 1 h, then 
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poured onto ice cold water. The product, so formed, 
was collected by filtration, crystallized from ethanol 
to give faint pink crystals (95% yield), m.p. 130°C; 
IR (KBr) ν (cm–1): 3220 (NH), 2157 (SCN), 1696 
(C=O); 1H NMR (DMSO-d6) δ (ppm): 4.48 (s, 4H, 
2CH2), 8.10–8.30 (m, 3H, pyr-H), 9.20 (s, 2H, 2NH); 
MS: m/z = 307 [M·+]; Anal. Calcd. for C11H9N5S2O2 
(307.35): C, 42.99; H, 2.95; N, 22.79; S, 20.86. 
Found: C, 43.01; H, 2.98; N, 23.01; S, 20.88. 

General procedure for the synthesis of compounds  
9 and 10 

A mixture of 2 (2.62 g, 10 mmol), (2.34 g, 20 
mmol) of indole or (2.38 g, 20 mmol) of benzo-
triazole and 2 ml triethylamine (20 mmol) in 15 ml 
of toluene was refluxed for 2 h. The solvent was 
removed in vacuum and the remaining residue was 
triturated with 5% sodium hydroxide. The solid 
product, so formed, was collected by filtration. 

2,6-Bis-[2-(1[H]-indol-3-yl)acetamido-N-yl] pyri-
dine (9): Crystallization from ethanol gave white 
crystals (78% yield), m.p. 162°C; IR (KBr) ν (cm–1): 
3225 (NH), 1700 (C=O); 1H NMR (DMSO-d6) δ 
(ppm): 4.60 (s, 4H, 2CH2), 7.38–7.75 (m, 8H, 
2C6H4), 8.10–8.30 (m, 3H, pyr-H), 8.44 (d, 2H, two 
indole H-2), 9.43 (s, 2H, 2NH), 11.92 (br s, 2H, two 
indole NH); MS: m/z = 423 [M·+]; Anal. Calcd. for 
C25H21N5O2 (423.48): C, 70.91; H, 4.99; N, 16.54. 
Found: C, 70.94; H, 4.98; N, 16.78. 

2,6-Bis-[2-(1,2,3-benzotriazol-1-yl)acetamido-N-
yl] pyridine (10): Crystallization from ethanol gave 
white solid (75% yield), m.p. 175°C; IR (KBr) ν 
(cm–1): 3225 (NH), 1700 (C=O), 1H NMR (DMSO-d6) 
δ (ppm): 4.58 (s, 4H, 2CH2), 7.33–7.80 (m, 8H, 
2C6H4), 8.10–8.30 (m, 3H, pyr-H), 9.33 (s, 2H, 
2NH); MS: m/z = 427 [M·+]; Anal. Calcd. for 
C21H17N9O2 (427.43): C, 59.01; H, 4.01; N, 29.49. 
Found: C, 59.05; H, 4.00; N, 29.55. 

General procedure for the synthesis of compounds 
12 and 15   

To a stirred solution of (0.01 mol) of 7 or 3 in 20 
ml of dioxane containing 10 g of sodium acetate, 
was added benzene diazonium salt (prepared from 
20 mmol of aniline and the appropriate quantities of 
sodium nitrite and hydrochloric acid). The solid 
product separated on standing was collected by 
filtration.  

2,6-Bis-(2-cyano-2-phenylhydrazonocetamido-N-
yl)pyridine (12): Crystallization from dioxane gave 
yellow crystals (75% yield), m.p. 261°C; IR (KBr) ν 
(cm–1): 3440, 3234 (NH), 2215 (CN), 1700 (C=O); 
1H NMR (DMSO-d6) δ (ppm): 7.11–7.25 (m, 10H, 
2C6H5), 8.10–8.30 (m, 3H, pyr-H), 9.35 (s, 2H, 
2NH), 12.04 (br, 2H, hydroazonyl NH); MS: m/z = 

451 [M·+]; Anal. Calcd. for C23H17N9O2( 451.451): 
C, 61.19; H, 3.79; N, 27.92. Found: C, 61.23, H, 
3.77; N, 28.15. 

2,6-Bis-(1-oxo-2-phenylhydrazonoethanoneami-
do-N-yl)pyridine (15): Crystallization from dioxane 
gave yellow crystals (78% yield), m.p. 255°C; IR 
(KBr) ν (cm–1): 3440, 3230 (NH), 1700 (C=O); 1H 
NMR (DMSO-d6) δ (ppm): 7.11–7.45 (m, 10H, 
2C6H5), 7.56 (s, 2H, olefinic CH), 8.10–8.30 (m, 
3H, pyr-H), 9.30 (s, 2H, 2NH), 12.04 (br, 2H, two 
hydrazone NH); MS: m/z = 401 [M·+]; Anal. Calcd. 
for C21H19N7O2 (401.43): C, 62.83; H, 4.77; N, 
24.42. Found: C, 62.85; H, 4.74; N, 24.46. 

General procedure for the synthesis of compounds 
14 and 17 

To a solution of (5 mmol) of 12 or 15 in a 2 ml 
of DMF and 10 ml of triethylamine, was added (1.3 
ml, 20 mmol) of chloroacetonitrile. The reaction 
mixture was refluxed for 1 h and then left to cool to 
room temperature. The obtained residual product 
was triturated with ethanol to give a solid product 
that was collected by filtration, washed with water 
and crystallized from the proper solvent.  

2,6-Diamido-bis-(4-amino-5-cyano-1-phenylpy-
razol-3-yl) pyridine (14): Crystallization from 
ethanol gave faint brown crystals (75% yield), m.p. 
268–270oC; IR (KBr) ν (cm–1): 1700 (C=O), 3450 
(NH2), 3200 (NH), 2220 (CN), 1650 (C=N); 1H 
NMR (DMSO-d6) δ (ppm): 6.52(s, 4H, 2NH2), 
7.31–7.65 (m, 10H, 2C6H5), 8.10–8.30 (m, 3H, pyr-
H), 8.90 (s, 2H, 2NH); MS: m/z = 529 [M·+]; Anal. 
Calcd. for C27H19N11O2 (529.53): C, 61.24; H, 3.62; 
N, 29.10. Found: C, 61.25; H, 3.61; N, 29.40. 

2,6-Diamino-bis-(5-cyano-1-phenylpyrazol-4-yl) 
pyridine (17): Crystallization from ethanol gave faint 
brown crystals (85% yield), m.p. 230°C; IR (KBr) ν 
(cm–1): 3200(NH), 2220 (CN), 1600 (C=C), 1650 
(C=N); 1H NMR (DMSO-d6) δ (ppm): 7.30 (s, 2H, 
pyrazolyl H-3), 7.41–7.65 (m, 10H, 2C6H5), 8.10–
8.30 (m, 3H, pyr-H), 8.35 (s, 2H, 2NH); MS: m/z = 
443 [M·+]; Anal. Calcd. for C25H17N9 (443.48): C, 
67.71; H, 3.86; N, 28.43. Found: C, 67.72; H, 3.84; 
N, 28.44. 

2,6-Bis-(5-cyano-2-dicyanomethino-4-hydroxy-
thiazol-N-yl)pyridine (19): A solution of 5 (3.91g, 
0.01 mol) in 40 ml of DMF containing piperidine 
0.5 ml, (1.32 ml, 0.02 mol) of malononitrile was 
added. The reaction mixture was heated under reflux 
for 10 h, then evaporated in vacuo. The remaining 
product was triturated with ethanol and the formed 
solid product was collected by filtration. Crystal-
lization from dioxane gave brown crystals (75% 
yield), m.p. > 360°C; IR (KBr) ν (cm–1): 3490 (OH), 
2225, 2220, 2215 (CN), 1655 (C=C); 1H NMR 
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(DMSO-d6) δ (ppm): 8.10–8.30 (m, 3H, pyr-H), 
10.44 (s, 2H, 2OH); MS: m/z = 455 [M·+]; Anal. 
Calcd. for C19H5N9S2O2 (455.44): C, 50.11; H, 1.11; 
N, 27.68; S, 14.08.Found: C, 50.15; H, 1.09; N, 
27.72; S, 14.12. 

General procedure for the synthesis of compounds 
18a, b; 20, 21 and 22a, b 

To a solution of 5, 19 or 6 (0.01 mol) in 30 ml of 
DMF, hydrazine hydrate or phenylhydrazine (0.04 
mol) or (0.02 mol) were added, respectively. The 
reaction mixture was heated under reflux for 6–8 h 
then poured into ice/water mixture containing few 
drops of hydrochloric acid and the formed solid 
product was collected by filtration. 

2,6-Bis-(3-amino-1[H]-5-hydrazonopyrazolo[4,5-
d]thiazol-N-yl) pyridine (18a): Crystallization from 
ethanol gave pale yellow crystals (68% yield), m.p.> 
360°C; IR (KBr) ν (cm–1): 3465–3365 (NH, NH2), 
1660 (exocyclic C=N), 1645 (C=C); 1H NMR 
(DMSO-d6) δ (ppm): 4.46, 5.35 (2s, 8H, 4NH2), 
8.10–8.30 (m, 3H, pyr-H), 8.44 (s, 2H, 2NH); MS: 
m/z = 415 [M·+]; Anal. Calcd. for C13H13N13S2 
(415.46): C, 37.58; H, 3.15;N, 43.83; S, 15.44. 
Found: C, 37.56; H, 3.16; N, 43.85; S, 15.43. 

2,6-Bis-(3-amino-1-phenyl-5-phenylhydrazono-
pyrazolo[4,5-d]thiazol-N-yl)pyridine (18b): Crystal-
lization from dioxane gave yellow crystals (70% 
yield), m.p. > 360°C; IR (KBr) ν (cm–1): 3450–3370 
(NH2, NH), 1665 (exocyclic C=N), 1650 (C=C); 1H 
NMR (DMSO-d6) δ (ppm): 5.32 (s, 4H, 2NH2), 
7.36–7.48 (m, 20H, 4C6H5), 8.10–8.30 (m, 3H, pyr-
H), 8.45 (s, 2H, 2NH); MS: m/z =719 [M+]; Anal. 
Calcd. for C37H29N13S2 (719.86): C, 61.74; H, 4.06; 
N, 25.29; S, 8.91. Found: C, 61.75, H, 4.04; N, 25.3; 
S, 8.90. 

2,6-Bis[3-amino-1[H]-5-(3',5'-diaminopyrazol-
4'-ylidino) pyrazolo [4,5-d]thiazol-N-yl] pyridine 
(20): Crystallization from ethanol gave white crys-
tals (68% yield), m.p. > 360°C; IR (KBr) ν (cm–1): 
3460–3370 (NH2, NH), 1660 (C=N), 1655 (C=C); 
1H NMR (DMSO-d6) δ (ppm): 5.31, 5.36, 7.42 (3s, 
12H, 6NH2), 8.10–8.30 (m, 3H, pyr-H), 8.41 (s, 2H, 
2NH); MS: m/z = 547 [M+]; Anal. Calcd. for 
C19H17N17S2 (547.59): C, 41.68; H, 3.13; N, 43.48; 
S, 11.71. Found: C, 41.65; H, 3.14; N, 43.52; S, 
11.69.  

2,6-Bis-[3-amino-1-phenyl-5-(3'-amino-5'-imino-
1'-phenylpyrazolo-4'-ylidino) pyrazolo[4,5-d] thiazol-
N-yl] pyridine (21): Crystallization from dioxane 
gave pale brown crystals (74% yield), m.p. > 360°C; 
IR (KBr) ν (cm–1): 3460–3365 (NH2, NH), 1670 
(exocyclic C=N), 1660 (C=N), 1645 (C=C); 1H 
NMR (DMSO-d6) δ (ppm): 4.82, 5.45 (2s, 8H, 
4NH2), 7.30–7.46 (m, 20H, 4C6H5), 8.10–8.30 (m, 

3H, pyr-H), 8.33 (s, 2H, 2NH); MS: m/z = 851 
[M+]; Anal. Calcd. for C43H33N17S2 (851.94): C, 
60.62; H, 3.90; N, 27.95; S, 7.53. Found: C, 60.60; 
H, 3.91; N, 27.99; S, 7.50. 

2,6-Bis-(2-hydrazono-4-phenylthiazol-N-yl)pyri-
dine (22a): Crystallization from dioxane gave buff 
crystals (75% yield), m.p. 125°C; IR (KBr) ν (cm–1): 
3460 (NH2), 1665 (exocyclic C=N), 1650 (C=C); 1H 
NMR (DMSO-d6) δ (ppm): 6.35 (s, 4H, 2NH2), 6.37 
(s, 2H, thiazolyl H-5), 7.32–7.37 (m, 10H, 2C6H5), 
8.10–8.30 (m, 3H, pyr-H); MS: m/z = 457 [M+]; 
Anal. Calcd. for C23H19N7S2 (457.59): C, 60.37; H, 
4.19; N, 21.43; S, 14.01. Found: C, 60.39; H, 4.17; 
N, 21.55; S, 13.89. 

2,6-Bis-(2-phenylhydrazono-4-phenylthiazol-N-
yl) pyridine (22b): Crytallization from dioxane gave 
pale yellow crystals (73% yield), m.p. 120°C; IR 
(KBr) ν (cm–1): 3460–3375oC (NH), 1665 (exo-
cyclic C=N), 1650 (C=C); 1H NMR (DMSO-d6) δ 
(ppm): 6.37 (s, 2H, thiazolyl H-5), 7.32–7.48 (m, 
20H, 4C6H5), 8.10–8.30 (m, 3H, pyr-H), 8.33 (s, 2H, 
2NH); MS: m/z = 609 [M+]; Anal. Calcd. for 
C35H27N7S2 (609.78): C, 68.94; H, 4.46; N, 16.08; S, 
10.52. Found: C, 68.97; H, 4.44; N, 16.10, S, 10.49. 

2,6-Bis-(2-dicyanomethino-4-phenylthiazol-N-yl) 
pyridine (23): To a solution of 6 (4.61 g, 0.01 mol) 
in 30 ml of DMF, (1.32 ml, 0.02 mol) of malono-
nitrile was added. The mixture was heated under 
reflux for 6 h (till the evolution of H2S was ceased). 
The solid product formed upon pouring into water was 
collected by filtration. Crystallization from dioxane 
gave brown crystals (80% yield), mp 145°C; IR (KBr) ν 
(cm–1): 2225–2220 (CN), 1655 (C=C); 1H NMR 
(DMSO-d6) δ (ppm): 6.34 (s, 2H, thiazolyl H-5), 7.34–
7.45 (m, 10H, 2C6H5), 8.10–8.30 (m, 3H, pyr-H); MS: 
m/z = 525 [M+]; Anal. Calcd. for C29H15N7S2 
(525.62): C, 66.27; H, 2.88; N, 18.65; S, 12.20. 
Found: C, 66.28; H, 2.87; N, 18.66; S, 12.19. 

General procedure for the synthesis of compounds 
24 and 25 

To a solution of 23 (5.01 g, 0.01 mol) in 40 ml of 
dioxane, hydrazine hydrate or phenyl hydrazine 
(0.02 mol) was added. The reaction mixture was 
heated under reflux for 3–4 h, then left to cool. The 
solid product formed upon standing was collected 
by filtration.  

2,6-Bis-[2-(3',5'-diaminopyrazolo-4'-ylidino)-4-
phenyl thiazol-N-yl] pyridine (24): Crystallization 
from DMF gave white crystals (70% yield), m.p. 
323°C; IR (KBr) ν (cm–1): 3465 (NH2), 1645 (C=C), 
1660 (C=N); 1H NMR (DMSO-d6) δ (ppm): 4.44, 
5.03 (2s, 8H, 4NH2), 6.42 (s, 2H, thiazolyl H-5), 
7.35–7.58 (m, 10H, 2C6H5), 8.10–8.30 (m, 3H, pyr-
H); MS: m/z = 589 [M+]; Anal. Calcd. for 
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C29H23N11S2 (589.71): C, 59.07; H, 3.93; N, 26.13; 
S, 10.87. Found: C, 59.05; H, 3.94; N, 26.17; S, 
10.84. 

2,6-Bis-[2-(3'-amino-5'-imino-1'-phenylpyrazolo-
4'-ylidino)-4-phenylthiazol-N-yl] pyridine (25): 
Crystallization from ethanol afforded pale yellow 
crystals (65% yield), m.p. > 360°C; IR (KBr) ν  
(cm–1): 3465, 3390 (NH2, NH), 1660 (C=N), 1645 
(C=C); 1H NMR (DMSO-d6) δ (ppm): 4.43 (s, 4H, 
2NH2), 6.43 (s, 2H, thiazolyl H-5), 7.30–7.64 (m, 
20H, 4C6H5), 8.10–8.30 (m, 3H, pyr-H), 8.37 (s, 2H, 
2NH); MS: m/z = 741 [M+]; Anal. Calcd. for 
C41H31N11S2 (741.91): C, 66.38; H, 4.21; N, 20.77; 
S, 8.64. Found: C, 66.40; H, 4.20; N, 20.80; S, 8.60. 
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НОВИ СИНТЕЗИ НА НОВИ СИМЕТРИЧНИ БИС-ХЕТЕРОЦИКЛЕНИ СЪЕДИНЕНИЯ: 
СИНТЕЗ НА БИС-ТИАЗОЛ-, БИС-ПИРАЗОЛ-, БИС-БЕНЗОТРИАЗОЛ-, БИС-ИНДОЛ-  

И БИС-ПИРАЗОЛИЛТИАЗОЛ-2,6-ДИАМИНПИРИДИНОВИ ПРОИЗВОДНИ 

Н. И. Абдел-Сайед 
Департамент по химия, Девически факултет по изкуства, наука и образование, Университет Айн Шамс, 

Хелиополис, п.к. 11757, Кайро, АР Египет 
Постъпила на 25 декември 2008 г.;   Преработена на 8 юни 2009 г. 

При реакция на 2,6-диаминопиридин с хлорацетилхлорид се получава 2,6-бис-(2-хлорацетамид-N-
ил)пиридин. Реакцията на продукта поотделно с KCl, KSCN, индол и бензотриазол води съответно до 2,6-бис-
(цианацетамид-N-ил)пиридин (продуктът при купелуване с бензендиазониев хлорид дава бис-цианфенил-
хидразоновото производно и чрез дестилация на последното съединение с обратен хладник и хлорацетонитрил 
се получава 2,6-диамин-5-циан-1-фенилпиразол-3-ил)пиридин), 2,6-бис-(тиоцианат ацетамид-N-ил)пиридин, 
2,6-бис-[2-(1[Н]-индол-3-ил)ацетамид-N-ил]пиридин и 2,6-бис-[2-(1,2,3-бензотриазол-1-ил)ацетамид-N-ил)пи-
ридин. Ацетилиране на 2,6-диаминопиридин с оцетен анхидрид води до 2,6-бис-(ацетамид-N-ил)пиридин, 
който при купелуване с бензендиазониев хлорид дава бис-фенилхидразоново производно. При реакцията на 
последното с хлорацетонитрил се получава 2,6-диамино-бис-(5-циан-1-фенил-пиразол-N-ил)пиридин. В алкална 
среда реакцията на 2,6-диаминопиридин с CS2 последвана поотделно с етил-α-бромцианоацетат и фенацил-
бромид дава съответно 2,6-бис-(5-циан-4-хидрокси-тиазол-3-ил-2-тионил)пиридин и 2,6-бис-(4-фенил-тиазол-3-
ил-2-тионил)пиридин. При кондензация на получените съединения поотделно с малононитрил се получават 
дицианметинтиазолови производни. При реакция на хидразинхидрат или фенилхидразин с тиазолилтионови 
производни или с дицианметинтиазолови производни води съответно до хидразонтиазолови и пиразолови 
производни. 
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Oxidative cleavage of salbutamol with N-bromosuccinimide in acidic and alkaline 
media: A kinetic and mechanistic study 
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Salbutamol sulfate (SBL) is a β2-adrenergic receptor agonist used for the relief of bronchospasm in conditions such 
as asthma and chronic obstructive pulmonary disease (COPD). The kinetic study of oxidation of this bioactive 
compound is of much use in understanding the mechanistic profile in redox reactions. Consequently, the kinetics of 
oxidative degradation of SBL with N-bromosuccinimide (NBS) in HClO4 and NaOH media has been studied at 308 K. 
The experimental rate laws obtained are –d[NBS]/dt = [NBS][SBL]x[H+]y in acidic medium and –d[NBS]/dt = 
[NBS][SBL]x[OH–] in alkaline medium, where x and y are less than unity. The reactions were subjected to changes in 
concentration of succinimide, the reduction product of NBS, concentration of added neutral salt, dielectric permittivity 
and ionic strength of the medium. Solvent isotope effect has been studied using D2O. The stoichiometry of the reaction 
has been determined and oxidation products were identified and characterized in both media. Activation parameters for 
the overall reactions have been computed from Arrhenius plot. (Ch2CO)2 N+HBr and OBr− have been postulated as the 
reactive oxidizing species in acidic and alkaline media, respectively. The oxidation reaction fails to induce polymeriza-
tion of added acrylonitrile. It was found that the reaction was faster in alkaline medium in comparison with acidic 
medium. The observed results have been explained by plausible mechanisms and the relative rate laws have been 
deduced.  

Key words: N-bromosuccinimide, salbutamol sulfate, oxidation kinetics, acidic and alkaline media.  

INTRODUCTION 

N-bromosuccinimide (NBS) is a source of posi-
tive halogen, and this reagent has been exploited as 
an oxidant for a variety of substrates [1–5] in both 
acidic and alkaline solutions. This potent oxidizing 
agent has been used in the determination of various 
pharmaceutical compounds [6–9]. However, a little 
information exists in the literature on oxidation 
kinetics of substrates particularly with respect to 
pharmaceuticals [10, 11], which may throw some 
light on the mechanism [12] of metabolic conver-
sions in the biological system. In view of these facts, 
there is a considerable scope for the study of reac-
tions with NBS to get better in sight of the specia-
tion of NBS reaction models and to understand its 
redox chemistry in solutions. 

Salbutamol sulfate (SBL) is a β2-adrenergic 
receptor agonist used for the relief of bronchospasm 
in condition such as asthma and COPD. Salbutamol 
is a relevant medication for the treatment of asthma. 
It acts quickly on the nerves that control the airway 
muscles and causes them to relax and dilating the 
airways. It also relieves swelling of the airways that 
can be caused by the allergic response and helps to 
clear mucous that may contribute to asthmatic 

symptoms. SBL is specifically used for the follow-
ing conditions such as acute asthma, certain condi-
tions involving hyperkalemia. It is also used in 
obstetrics as a tocolytic to delay premature labor. It 
was therefore found to be of interest to investigate 
the mechanism of oxidation of this drug with N-bro-
mosuccinimide. There was a need for under-
standing the oxidation mechanism of this drug, so 
that, the study could throw some light on the fate of 
the drug in the biological system.  

In the light of available information and our 
continued interest on mechanistic studies on halo-
amiometric reactions in general and bioactive 
compounds in particular, the present investigation 
was undertaken. The present paper reports for the 
first time on the detailed kinetics of oxidation of 
SBL with NBS in HClO4 and NaOH media. The 
work was carried out with a view to elucidate the 
mechanism of the reactions, put forward appropriate 
rate laws, identify the oxidation products of reac-
tions, ascertain the reactive species of oxidant and 
compare the kinetic results and oxidative behaviour 
of NBS in acidic and alkaline solutions.  

EXPERIMENTAL 

Materials 

An aqueous solution of NBS was prepared afresh 
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each day from a G.R. Merck sample of the reagent, 
and its strength was checked by the iodo-metric 
method [13]. Analar grade SBL (Medrich, India) 
was used as received. All other reagents used were 
of analytical grade. Doubly distilled water was used 
throughout the investigations.  

Kinetic measurements 

All kinetic measurements were performed in 
glass stoppered pyrex boiling tubes coated black to 
eliminate photochemical effects. The reactions were 
carried out under pseudo-first-order conditions by 
taking a known excess of [SBL]o over [NBS]o at 308 
K. Appropriate amounts of SBL, HClO4 or NaOH 
solutions, mercuric acetate, sodium perchlorate, and 
water to keep the total volume constant were equili-
brated at constant temperature (±0.1 deg). A 
measured amount of NBS solution also pre-equi-
librated at the same temperature was rapidly added 
to the mixture. The progress of the reaction was 
monitored by estimating the amount of unconsumed 
NBS at regular time intervals iodometrically. The 
course of reaction was studied for atleast two half-
lives. The pseudo-first-order rate constants (kobs) 
calculated from the linear plots of log[NBS] vs. time 
were reproducible within ±4%. Regression analysis 
of the experimental data to obtain regression coef-
ficient, r, was performed using MS Excel. 

Stoichiometry and product analysis 

Reaction mixtures containing varying ratios of 
NBS and SBL in presence of 0.1 mol·dm–3 HClO4 or 
0.01 mol·dm–3 NaOH at 308 K were kept aside for 
48 h, so that the substrate was completely converted 
into products. Estimation of the unreacted NBS 
showed that one mole of substrate utilized one mole 
of oxidant in both acidic and alkaline media, 
confirming the following stoichiometry: 

C13H21O3N + RNBr + H2O → C8H8O3 + 
              + HCHO + C4H11N + RNH + HBr (1) 

C13H21O3N + RNBrv → C8H8O3 +  
                      + C5H11N +RNH + HBr  (2) 

where R = (CH2CO)2. 
The reaction products were neutralized with 

acid/alkali and extracted with ether. The combined 
ether extract was evaporated and subjected to 
column chromatography on silica gel using gradient 
elusion (chloroform). The reduction product of 
NBS, succinimide (RNH) was detected by spot tests 
[14] and confirmed by IR absorption bands. The 
oxidation products of SBL were found to be 3-
hydroxy-4-(hydroxymethyl)benzaldehyde, formal-
dehyde and t-butyl amine in acidic medium, and 3-

hydroxy-4-(hydroxymethyl)benzaldehyde, methy-
lene-N-t-butylamine in the case of alkaline medium 
and were detected by spot tests [14]. 3-hydroxy-4-
(hydroxymethyl)benzaldehyde was further confirmed 
by IR absorption bands. RNH: a broad band at 3450 
cm–1 for NH stretching mode and a sharp band at 
1698 cm–1 for C=O stretching mode. 3-hydroxy-4-
(hydroxymethyl)benzaldehyde: 1705 cm–1 (C=O 
stretch), 2848 cm–1 (aldehydic C–H stretch) and 
3473 cm–1 (O–H stretch). 

RESULTS 

The kinetics of oxidation of SBL with NBS has 
been kinetically investigated at different initial 
concentrations of reactants in the presence of HClO4 
or NaOH at 308 K. In the present investigations we 
could not establish the identical experimental condi-
tions for acidic and alkaline media. The salient 
features obtained in these two media are discussed 
separately.  

Kinetics of oxidation in acidic medium 

Under pseudo-first-order conditions ([SBL] >> 
[NBS]) at constant [HClO4] and temperature, plots 
of log[NBS] vs. time were linear (r ≥ 0.996) indi-
cating a first-order dependence of rate on [NBS]o. 
The pseudo-first-order rate constant (kobs) calculated 
is given in Table 1. Further, the values of kobs cal-
culated from these plots are unaltered with variation 
of [NBS]o confirming the first-order dependence on 
[NBS]o.  
Table 1. Effect of varying concentrations of oxidant, 
substrate and HClO4 on the reaction rate at 308 K; 
[Hg(OAC)2] = 1×10–3 mol·dm–3; µ = 0.2 mol·dm–3. 

[NBS]×104

(mol·dm–3) 
[SBL]×103

(mol·dm–3) 
[HClO4]×10 
(mol·dm–3) 

kobs×104 
(s–1) 

1.0 8.0 1.0 3.30 ± 0.0351 
3.0 8.0 1.0 3.37 ± 0.0350 
5.0 8.0 1.0 3.36 ± 0.0450 
7.0 8.0 1.0 3.31 ± 0.0458 
9.0 8.0 1.0 3.38 ± 0.0503 
5.0 4.0 1.0 2.20 ± 0.0405 
5.0 6.0 1.0 2.90 ± 0.0350 
5.0 10.0 1.0 3.99 ± 0.0360 
5.0 12.0 1.0 4.36 ± 0.0362 
5.0 8.0 0.6 2.29 ± 0.0430 
5.0 8.0 0.8 2.88 ± 0.0356 
5.0 8.0 1.2 3.99 ± 0.0358 
5.0 8.0 1.4 4.46 ± 0.0430 
5.0 a 8.0 1.0 3.34 ± 0.0442 
5.0 b 8.0 1.0 3.37 ± 0.0353 

 a µ = 0.25 mol·dm-3;   b µ = 0.3 mol·dm–3. 

The rate increased with increase in [SBL]o (Table 
1). A plot of logkobs vs. log[SBL] was linear (Fig. 1; 
r = 0.998) with a slope of 0.62 indicating fractional 
order dependence of the rate on [SBL]o. The rate 
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increased with increase in [HClO4] (Table 1) and a 
plot of logkobs vs. log[HClO4] was linear (Fig. 2; r = 
0.999) with a slope of 0.78 indicating fractional 
order with respect to [H+]. At constant [H+], addition 
of chloride ions in the form of NaCl does not change 
the rate of reaction.  

 
Fig. 1. Plot of 4 + logkobs vs. 3 + log[SBL]. 

 
Fig. 2. Plot of 2 + log[HClO4] or 3 + log[NaOH] vs. 

 4 + logkobs. 

Addition of succinimide (0.0002–0.001 mol·dm–3) 
to the reaction mixture, variation of ionic strength of 
the medium (0.2–0.3 mol·dm–3) and addition of 
mercuric acetate (0.001–0.005 mol·dm–3) had no 
significant effect on the rate. The rate increased with 
increasing CH3CN content (0–20% v/v) and the 
results are shown in Table 2.  

Table 2. Effect of varying dielectric permittivity of the 
medium on the reaction rate at 308 K. 

kobs×104 (s–1) CH3CN 
(% v/v) D 

Acidica Alkalineb 

0 73.6 3.36 ± 0.0450 3.87 ± 0.0340 
5 71.8 4.38 ± 0.0501 3.48 ± 0.0355 
10 70.0 6.06 ± 0.0525 2.88 ± 0.0345 
15 68.2 7.79 ± 0.0460 2.51 ± 0.0430 
20 66.5 10.28 ± 0.0380 2.14 ± 0.0501 

a [NBS] = 5×10–4 mol·dm–3; [SBL] = 8×10–3 mol·dm–3; [HClO4] = 0.1 
mol·dm–3;  µ = 0.2 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3;  
b [NBS]= 5×10–4 mol·dm–3; [SBL] = 8×10–3 mol·dm–3; [NaOH] = 1×10–2 
mol·dm–3;  µ = 0.1 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3. 

Plot of logkobs vs. 1/D was linear (r = 0.998) with 
a positive slope. The values of permittivity (D) for 
CH3CN–H2O mixtures are calculated from the equa-
tion D = DwVw + DAVA where Dw and DA are the 
dielectric permittivities of pure water and aceto-
nitrile and Vw and VA are the volume fractions of 
components, water and acetonitrile in the total mix-
ture. Blank experiments performed indicated that 
CH3CN was not oxidized with NBS under the expe-
rimental conditions employed. Solvent isotope study 
in D2O medium was made. The value of kobs(H2O) is 
3.36 and that of kobs(D2O) is 2.40 leading to solvent 
isotope effect of kobs(H2O)/kobs(D2O) = 1.40. Proton 
inventory studies were made in H2O–D2O mixtures 
and the results are shown in Table 3. The corres-
ponding proton inventory plot for the rate constant 
kobs in a solvent mixture containing deuterium atom 
fraction (n) is given in Fig. 3.  
Table 3. Proton inventory studies in H2O-D2O mixture at 
308 K 

kobs×104 (s–1) Atom fraction of D2O 
(n) Acidica Alkalineb 

0.0 3.36 ± 0.0450 3.87 ± 0.0340 
0.25 3.19 ± 0.0353 3.37 ± 0.0405 
0.50 2.98 ± 0.0424 3.03 ± 0.0371 
0.75 2.70 ± 0.0503 2.80 ± 0.0455 
0.95 2.40 ± 0.0362 2.30 ± 0.0358 

a [NBS] = 5×10–4 mol·dm–3;  [SBL] = 8×10–3 mol·dm–3; [HClO4] = 0.1 
mol·dm–3;  µ =  0.2 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3;   
b [NBS] = 5×10–4 mol·dm–3; [SBL] = 8×10–3 mol·dm–3; [NaOH] = 1×10–2 
mol·dm–3; µ = 0.1 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3. 

 
Fig. 3. Plot of kobs vs. n. 

The reaction was studied at different tempera-
tures (300–318 K) keeping other experimental con-
ditions constant. From the linear Arrhenius plot of 
logkobs vs. 1/T (Fig. 4; r = 0.999), the values of 
activation parameters for the overall reaction were 
computed. The results are compiled in Table 4. The 
absence of free radicals during the course of oxida-
tion was confirmed when no polymerization was 
initiated with addition of acrylonitrile solution to the 
reaction mixture. 
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Kinetics of oxidation in alkaline medium 

With substrate in excess at constant [NaOH] and 
temperature, the [NBS]o was varied. Plots of 
log[NBS] vs. time were linear (r ≥ 0.998) indicating 
a first-order dependence of the rate on [NBS]o. The 
pseudo-first-order rate constant (kobs) obtained is 
listed in Table 5. The values of kobs increased with 
increase in [SBL] (Table 5) and a plot of logknobs vs. 
log[SBL] (Fig. 1; r = 0.999) gave a slope of 0.58 
indicating fractional-order dependence of the rate on 
[SBL]o. The higher[NaOH], i.e.[OH–] leads to higher 
kobs (Table 5) and from the linear plot of logkobs vs. 
log[NaOH], (Fig. 2; r = 0.996) an order of 1.02 was 
obtained showing first-order dependence of the rate 
on [NaOH]. 
Table 4. Effect of varying temperature on the reaction 
rate and activation parameters for the oxidation of SBL.  

kobs×104   (s-1) 
Temperature (K) 

Acidica Alkalineb 

300 1.38 ± 0.0475 1.90 ± 0.0370 
304 2.18 ± 0.0510 2.69 ± 0.0358 
308 3.36 ± 0.0450 3.87 ± 0.0340 
313 6.45 ± 0.0550 5.45 ± 0.0430 
318 11.49 ± 0.0515 8.51 ± 0.0425 

Ea (kJ·mol–1) 94.54 66.07 
∆H≠ (kJ·mol–1) 91.97 63.51 
∆G≠ (kJ·mol–1) 95.86 95.72 
∆S≠ (JK–1·mol–1) –12.60 –104.36 

a [NBS] = 5×10–4 mol·dm–3;  [SBL] = 8×10–3 mol·dm–3; [HClO4] = 0.1 
mol·dm–3;  µ = 0.2 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3; 
b [NBS] = 5×10–4 mol·dm–3; [SBL] = 8×10–3 mol·dm–3; [NaOH] = 1×10–2 
mol·dm–3;   µ = 0.1 mol·dm–3; [Hg(OAC)2] = 1×10–3 mol·dm–3. 

 
Fig. 4. Arrhenius plot of 4 + logkobs vs. 103/T. 

Addition of succinimide (0.0002–0.001 mol·dm–3) 
to the reaction mixture, variation of ionic strength of 
the medium (0.1–0.3 mol·dm–3) and addition of 
mercuric acetate (0.001–0.005 mol·dm–3) had no 
significant effect on the rate. The rate decreased 
with increasing CH3CN content (0–20% v/v) and the 
results are shown in Table 2. Plot of logkobs vs. 1/D 
was linear (r = 0.998) with a negative slope. Solvent 
isotope study in D2O medium was made. The value 
of kobs(H2O) is 3.87 and that of kobs(D2O) is 2.30 

leading to solvent isotope effect kobs(H2O)/kobs (D2O) 
= 1.68. Proton inventory studies were made in H2O-
D2O mixtures, and the results are shown in Table 3. 
The corresponding proton inventory plot for the rate 
constant kobs in a solvent mixture containing deu-
terium atom fraction (n) is given in Fig. 3. Kinetic 
and thermodynamic parameters were calculated by 
studying the reaction at different temperatures (300–
318 K) and from the linear Arrhenius plot of logkobs 
vs. 1/T. (Fig. 4; r = 0.999). These results are given in 
Table 4. Absence of free radicals in the reaction 
mixture has been demonstrated by the acrylonitrile 
test. 
Table 5.  Effect of varying concentrations of oxidant, 
substrate and NaOH on the reaction rate at 308 K; 
[Hg(OAC)2] = 1×10–3 mol·dm–3; µ = 0.1 mol·dm–3. 

 [NBS]×104

(mol·dm–3) 
 [SBL]×103

(mol·dm–3) 
 [NaOH]×102 
(mol·dm–3) 

kobs×104 

(s–1) 

1.0 8.0 1.0 3.86 ± 0.0355 
3.0 8.0 1.0 3.89 ± 0.0351 
5.0 8.0 1.0 3.87 ± 0.0340 
7.0 8.0 1.0 3.81 ± 0.0360 
9.0 8.0 1.0 3.80 ± 0.0470 
5.0 4.0 1.0 2.64 ± 0.0503 
5.0 6.0 1.0 3.38 ± 0.0458 
5.0 10.0 1.0 4.41 ± 0.0430 
5.0 12.0 1.0 4.95 ± 0.0356 
5.0 8.0 0.6 2.10 ± 0.0442 
5.0 8.0 0.8 2.88 ± 0.0353 
5.0 8.0 1.2 4.78 ± 0.0503 
5.0 8.0 1.4 5.87 ± 0.0358 
a5.0 8.0 1.0 3.82 ± 0.0362 
b5.0 8.0 1.0 3.85 ± 0.0405 

a µ = 0.15 mol·dm–3;   b µ = 0.2 mol·dm–3. 

DISCUSSION AND MECHANISMS 

Reactive species of NBS 

NBS is a double equivalent oxidant which 
oxidizes many substrates through NBS itself or Br+ 
or RN+HBr or hypobromite anion. The reactive 
species responsible for the oxidizing character may 
depend on the pH of the medium [3]. Depending on 
the pH of the medium, NBS furnishes different 
types of reactive species in solutions [15–17] as 
shown in the following equations: 

RNBr + H+  RN+HBr  (3) 

RNBr + H2O  RNH + HOBr         (4) 

HOBr + OH–  OBr- + H2O     (5) 

RNBr + H+  RNH + Br+   (6) 

Br+ + H2O  (H2OBr)+  (7) 

RNBr + OH−  RNH + OBr–     (8) 

where R = (CH2CO)2. 

P. M. Ramdas Bhandarkar and K. N. Mohana: Oxidative cleavage of salbutamol 



 

 31

In acidic medium, the probable reactive species 
of NBS are NBS itself or Br+ or protonated NBS 
(RN+HBr), and the reactive species in alkaline solu-
tions are NBS itself or HOBr or OBr–. It may be 
pointed out that, all kinetic studies have been made 
in presence of mercury(II) acetate in order to avoid 
any possible bromine oxidation which may be 
produced as follows: 

 (9)

 
Mercuric acetate acts as a capture agent for any 

Br– formed in the reaction and exists as HgBr4
2– or 

unionized HgBr2 and ensures that oxidation takes 
place purely through NBS [18, 19]. 

Mechanism and rate law in acidic medium 

Most investigations of NBS oxidations of orga-
nic substrates have assumed that, the molecular NBS 
acts only through its positive polar end [20, 21]. In  

the present investigation, acceleration of the rate by 
increasing concentration of H+, assumes that pro-
tonated species of NBS, i.e., RN+HBr is the most 
likely oxidizing species. Further, the insignificant 
effect of initially added product succinimide, (RNH) 
allows us to take RN+HBr as the active oxidizing 
species. The protonated NBS reacts with SBL to 
form a complex which further undergo hydrolysis 
and intramolecular rearrangement to form products. 

 
Scheme 1. 

In Scheme 1, X and X′ are the intermediate 
species whose structures are shown in Scheme 2, 
where a detailed mechanistic interpretation of SBL 
oxidation with NBS in acid medium is proposed.  

 
Scheme 2. 
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Step (iii) of Scheme 1 determines the overall 
rate: 

][][
3 Xk

dt
RNBrdrate =

−
= .     (10) 

If [RNBr]t represents the total effective concen-
tration of NBS in solution, then 

[RNBr]t = [RNBr] + [RN+HBr] + [X] (11) 

From step (i) of Scheme 1 

[RNBr] = [RN+HBr]/K1[H+]  (12) 

From step (ii) of Scheme 1 

[RN+HBr] = [X]/K2[SBL] (13) 

Substituting Eqns. (12) and (13) in Eqn. (11) one 
obtains: 

][SBL][HKK][HK1
][SBL][H[RNBr]KK

[X]
211

t21
++

+

++
=   (14) 

By substituting for [X] from Eqn. (14) in Eqn. 
(10), the following rate law can be obtained: 

rate =
][SBL][HKK][HK1

][SBL][H[RNBr]kKK

211

t321
++

+

++
  (15) 

Since rate = kobs[RNBr]t, Eqn. (15) can be 
transformed into Eqns. (16) and (17): 

kobs
[SBL]K][1[HK1

][SBL][HkKK

21

321

++
= +

+

       (16) 

332321obs

1
[SBL]K
1

][SBL][HKK
11

kkkk
++= +

  

3132obs

11
][HK

1
[SBL]K
11

kkk
+









+= +
 (17) 

Based on Eqn. (17), plot of 1/kobs vs. 1/[SBL] 
(Fig. 5; r = 0.998) at constant [H+] and temperature 
has been found to be linear. From the intercept of 
the above plot, the value of k3 was found to be 
7.64×10–4 s–1. 

The change in solvent composition by varying 
the CH3CN content in CH3CN-H2O affects the 
reaction rate. For limiting case of zero angle of 
approach between two dipoles or an ion-dipole 
system, Amis [22] has shown that a plot of logkobs 
vs. 1/D gives a straight line, with a positive slope for 
a reaction involving a positive ion and a dipole and 
a negative slope for a negative ion-dipole or dipole-
dipole interactions. In the present investigation a 
plot of logkobs vs. 1/D was linear with a positive 
slope. This observation indicates the ion-dipole 
nature of the rate determining step in the reaction 

sequence and also points to extending of charge to 
the transition state. 

 
Fig. 5. Plot of 1/kobs vs. 1/[SBL]. 

The observed solvent isotope effect supports the 
proposed mechanism and the derived rate law. For a 
reaction involving a fast equilibrium H+ or OH– ion 
transfer, the rate increases in D2O medium, since 
D3O+ and OD– are stronger acid and stronger base 
respectively than H3O+ and OH– ions [23, 24]. In the 
present case, the observed solvent isotope effect of 
kobs(H2O)/kobs(D2O) > 1 is due to the protonation 
step followed by hydrolysis involving the OH bond 
scission. The retardation of rate in D2O is due to the 
hydrolysis step which tends to make the normal 
kinetic isotope effect. The proton inventory studies 
made in H2O-D2O mixture could throw light on the 
nature of the transition state. The dependence of the 
rate constant, kobs on the deuterium atom fraction ‘n’ 
in the solvent mixture is given by the following 
form of Gross-Butler equation [25]: 

)nnπRS(1
)nnπTS(1

j

i
'
n

'
o

φ
φ

k
k

+−
+−

=   (18) 

where φi and φj are isotope fractionation factor for 
isotopically exchangeable hydrogen sites in the 
transition state (TS) and in the ground/reactant state 
(RS), respectively. The Gross-Butler equation 
permits the evaluation of φi when the value of φj is 
known. However, the curvature of proton inventory 
plot could reflect the number of exchangeable 
proton in the reaction [25].  Plot of kobs versus n is a 
curve in the present case, and this, in comparison 
with the standard curves, indicate the involvement 
of a single proton or H-D exchange in the reaction 
sequence [26]. This proton exchange is indicative of 
the participation of hydrogen in the formation of 
transition state. 

The negligible influence of added succinimide 
and halide ions on the rate are in agreement with the 
proposed mechanism. The proposed mechanism is 
also supported by the high values of energy of 
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activation and other thermodynamic parameters. 
The fairly high positive value of ∆H≠ indicates that, 
the transition state is highly solvated. 

Mechanism and rate law in alkaline medium 

NBS is a double equivalent oxidant, which 
oxidizes many substrate through NBS itself, or 
hypobromite anion [27, 28]. The reaction exhibits 
1:2 stoichiometry of SBL and NBS with unit order 
dependence on [NBS]. Increase in rate with 
increasing [OH–] can be well explained [29] by the 
formation of oxidant species OBr– according to the 
equilibria (5) and (8). Insignificant effect of added  
 

succinimide on the rate can be attributed to the 
involvement of OBr– according to the equilibrium 
step (5). Hence OBr– reacts with the substrate to 
form a complex (X) in the rate determining step, 
which then undergoes decomposition in the fast step 
to give products as shown in Scheme 3. A detailed 
mechanistic interpretation is shown in Scheme 4. 

 
Scheme 3. 

 
Scheme 4. 

 
From the slow step of Scheme 3 

rate ][SBL][OBrk
dt

d[RNBr]
6

−=
−

=  (19) 

Applying steady state condition for OBr–, it can 
be shown that  

[SBL]kO][Hk
][HOBr][OHk

][OBr
625

5

+
=

−

−
−          (20) 

On substituting Eqn. (20) in Eqn. (19), the 
following rate law (Eqn. (21)) is obtained: 

rate 
[SBL]kO][Hk

][SBL][HOBr][OHkk

625

65

+
=

−

−
        (21) 

Since rate = kobs[NBS], Eqn. (21) can be trans-
ferred into Eqns. (22) and (23): 

[SBL]O][H
][SBL][OH

625

65
obs kk

kk
k

+
=

−

−
    (22) 

][OH
1

][SBL][OH
O][H1

565

25

obs
−−

− +=
kkk

k
k

  (23) 

Based on Eqn. (23), a plot of 1/kobs vs 1/[SBL] 
(Fig. 5, r = 0.997) at constant [OH–] and tempera-
ture has been found to be linear. From the slope and 
intercept of the above plot, the values of k5 and  
k–5/k6 were found to be 0.0816 mol–1·dm3·s–1 and 
1.513×10–4 respectively, with [H2O] = 55.5 mol·dm–3. 
The proposed Scheme 3 and rate law (Eqn. (21)) are 
also substantiated by the experimental results dis-
cussed below. 

The negligible influence of the added succin-
imide and variation of ionic strength of the medium 
is consistent with the proposed mechanism. The 
dielectric effect observed in the present case 
indicates ion-dipole interaction in the rate limiting 
step. The sign and magnitude of ∆S≠ observed sug-
gested that the activated complex is more compact 
than the ground state. The positive free energy of 
activation shows that the transition state is highly 
solvated. 

The solvent isotope effect kobs(H2O)/kobs(D2O) > 1 
is noticed in alkaline medium supports the proposed 
mechanism. The magnitude of retardation in D2O 
medium can be attributed to the first-order depend-
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ence on [OH–] and may be due to the involvement 
of hydrolysis step in the rate limiting step. 

CONCLUSIONS 

In conclusion, the stoichiometry of oxidation of 
salbutamol with NBS is same in both acidic and 
alkaline media. Kinetic studies in acidic medium 
reveal that, (CH2CO)2N+HBr as active oxidant spe-
cies which oxidizes the substrate to the corres-
ponding aldehyde. In alkaline medium the reaction 
takes place between the substrate and OBr– to form 
the corresponding aldehyde. The magnitude of the 
two activation energies indicates that, the reaction is 
faster in alkaline medium compared to acidic 
medium. The different active oxidizing species 
involved in the two media are responsible for the 
difference in activity. Hence, the kinetics of oxida-
tion of SBL with NBS is more facile in alkaline 
medium in comparison with acidic medium. 
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ИЗСЛЕДВАНЕ НА КИНЕТИКАТА И МЕХАНИЗМА НА ОКИСЛИТЕЛНО РАЗПАДАНЕ  
НА САЛБУТАМОЛ С N-БРОМСУКЦИНАМИД В КИСЕЛА И АЛКАЛНА СРЕДА  

П. М. Рамдас Бхандаркар, К. Н. Мохана* 
Департамент по химически изследвания, Университет на Майсур, Манасаганготри, Майсур 570006, Индия 

Постъпила на 17 февруари 2009 г.;   Преработена на 17 юни 2009 г. 

(Резюме) 

Салбутамол сулфат (SBL) е β2-адренергичен рецептор агонист използван за облекчаване на бронхоспазми 
при астма и хронична обструктивна белодробна болест (COPD). Кинетичното изследване на окислението на 
това биологично активно съединение се използва за изясняване на механизма на редокс реакции. Затова 
кинетиката на окислително разлагане на SBL с N-бромсуцинимид (NBS) в среда от HClO4 или NaOH е 
изследвано при 308 K. Експериментално получените уравнения за скоростта са –d[NBS]/dt = [NBS][SBL]x[H+]y в 
кисела среда и –d[NBS]/dt = [NBS][SBL]x[OH–] в алкална среда, където x и y са по-малки от единица. Реакциите 
са провеждани при промени в концентрацията на суцинимид, продукта на редукция на NBS, концентрацията на 
добавените неутрални соли, диелектричната проводимост и йонната сила на средата. Изотопния ефект на 
разтворителя е изследван като е използвана D2O. Определена е стехиометрията на реакцията и са идентифи-
цирани и охарактеризирани продуктите на окисление в двете среди. Параметрите на активация за сумарните 
реакции са изчислени от Арениусовите зависимости. Като реакционни окислителни форми са приети (Ch2CO)2 
N+HBr и OBr− съответно в кисела или алкална среда. Реакцията на окисление не води до полимеризация на 
добавен акрилонитрил. Намерено е, че реакцията е по-бърза в алкална среда отколкото в кисела среда. 
Предложени са механизми за обяснение на получените резултати и съответни уравнения за скоростта на 
рекциите.  
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Chemical composition and antibacterial activity of essential oil from leaves,  
stems and flowers of Prangos ferulacea (L.) Lindl. grown in Iran 

M. T. Akbari1, A. Esmaeili2*, A. H. Zarea3, N. Saad3, F. Bagheri3 
1 Department of Chemistry, Islamic Azad University, Khomeini Shahr, Esfhan, Iran 

2 Department of Chemical Engineering, North Tehran Branch, Islamic Azad University, Tehran, Iran 
3 Pharmaceutical Sciences Branch, Islamic Azad University, Tehran, Iran 

Received December 31, 2008;   Revised July 27, 2009 

Essential oils from the leaves, stems and flowers of Prangos ferulacea (family Umbelliferae) growing in Esfahan, 
Iran, were obtained by hydrodistillation using a Clevenger-type apparatus and their chemical composition and 
antibacterial activity analysed by GC-MS. All the oils consisted mainly of oxygenated monoterpenes and a small 
percentage of sesquiterpene compounds. In the oil from the leaf, 10 components were identified, dominated by 
oxygenated monoterpenes. The three major constituents identified (representing 65.1% of the oil) were linalool 
(36.7%), caryophyllene oxide (16.3%) and α-pinene (12.1%). In the stem oil, 11 compounds were identified, with 
oxygenated monoterpenes again predominating. The two major constituents identified (representing 29.3% of the oil) 
were 1,8-cineole (19.0%) and α-pinene (10.3%). Of the 17 compounds found in the flower oil, the five main 
components identified (representing 74.1% of the oil) were oxygenated monoterpenes: linalool (19.0%), lavandulyl 
acetate (16.0%), 1,8-cineole (14.5%), α-pinene (12.4%) and geranyl isobutyrate (12.2%). The oils were tested against 
four Gram-positive or Gram-negative bacteria. Antibacterial activity was measured using a dilution method. It was 
found that oil from leaves, stems and flowers of P. ferulacea, and especially that of leaves, exhibited interesting 
antibacterial activity. 

Key words: Prangos ferulacea, umbelliferae, essential oil, linalool, antibacterial activity. 

INTRODUCTION 

Of the fifteen species of the genus Prangos 
(family Umbelliferae) found in Iran, five are 
endemic: P. gaubae, P. crossoptera, P. tuberculata, 
P. cheilanthifolia and P. cattigonoides [1, 2]. A 
survey of the literature revealed that the oil compo-
sition of P. latiloba [3], P. pabularia [4], P. hissa-
rica, P. seraivschanica, P. fedtschenkoi [5], P. feru-
lacea [6, 7], P. uechtritzii [8, 9], P. bornmuelleri 
[10], P. heyniae [11], P. uloptera [12], P. asperula 
[13] and P. platychlaena [14] have been reported. 
The main constituents of the aerial parts of P. 
uloptera were found to be β-caryophyllene (18.2%), 
germacrene D (17.2%) and limonene (8.7%), 
whereas the seed oil comprised mainly α-pinene 
(41.5%) and β-cedrene (4.0%) [12]. Analysis of the 
aerial parts of P. asperula showed δ-3-carene 
(16.1%), β-phellandrene (14.7%), α-pinene (10.5%), 
α-humulene (7.8%), germacrene-D (5.4%), δ-
cadinene (4.2%) and terpinolene (4.0%) to be the 
major components of the oil [13]. Aerial parts of P. 
uechtritzii contained δ-carene (3.39%) and p-cymene 
(3.38%) [8, 9], while α-pinene (40.82%), nonene 
(17.03%), phellandrene (11.14%), δ-carene (7.39%), 

and p-cymene (4.90%) were identified as major 
components of P. platychlaena [14]. Study of the 
chemical composition and antibacterial activity of 
essential oil from aerial parts of P. ferulacea (L.) 
Lindl grown in Iran showed its primary constituents 
to be α-pinene (36.6%), β-pinene (31.9%) and β-
phellandrene (11.7%) [15]. Some Prangos species 
have been used in folk medicine as emollient, car-
minative [16], tonic, antiflatulent, anthelmintic, anti-
fungal and antibacterial agents [17, 18]. Chemical 
investigations on the components of the genus 
Prangos have resulted in the isolation of various 
coumarins, alkaloids, flavonoids and terpenoids 
[19]. According to the literature, leaves, stems and 
flowers of P. ferulacea have not been the subject of 
any investigation, and this paper is the first such 
phytochemical study on this plant.  

EXPERIMENTAL 

Plant material 

The sample of Prangos ferulacea was collected 
during the flowering stage in June 2005 from the 
Province of Esfahan, in the centre of Iran. Voucher 
specimens were deposited at the Herbarium 
(Voucher No. 6014) of the Research Institute of 
Forests and Rangelands (TARI), Tehran, Iran.  
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Oil isolation 

Fresh leaves (80 g), stems (90 g) and flowers (70 
g) of P. ferulacea were subjected to separate hydro-
distillation for 3 h using a Clevenger-type apparatus. 
After decanting and drying over anhydrous sodium 
sulphate, the corresponding yellowish coloured oils 
were recovered from the leaves, stems and flowers 
in yields of 0.9, 0.8 and 1.1% (w/w), respectively. 

Analysis 

GC analysis of the oils was performed on a 
Shimadzu 15A gas chromatograph equipped with a 
split/splitless injector (250°C). N2 was used as 
carrier gas (1 mL/min), and the capillary column 
used was DB-5 (50 m × 0.2 mm, film thickness 0.32 
µm). The column temperature was maintained at 
60°C for 3 min and then heated to 220°C with a 
5°C/min rate and kept constant at 220°C for 5 min.  

GC/MS analysis was performed using a Hewlett-
Packard 6890/5973 with an HP-5MS column (30 m 
× 0.25 mm, film thickness 0.25 µm). The column 
temperature was maintained at 60°C for 3 min and 
programmed to 220°C at a rate of 5°C/min, and kept 
constant at 220°C for 5 min. The flow rate of helium 
as the carrier gas was 1 mL/min. MS was taken at 
70 eV.  

Identification of the constituents of each oil was 
made by comparison of their mass spectra and 
retention indices (RI) with those given in the 
literature and the authentic samples [20–22]. Rela-
tive percentage amounts were calculated from the 
peak area using a Shimadzu C-R4A Chromatopac 
without correction factors. 

Antibacterial activity 

A collection of four microorganisms was used, 
including the Gram-positive bacteria Staphylo-
coccus aureus (ATCC 1112), Staphylococcus 
epidermidis (ATCC 1114) and Bacillus cereus 
(ATCC 1015) and the Gram-negative bacteria 
Pseudomonas aeruginosa (ATCC 1310), identified 
by the Research Centre of Science and Industry, 
Tehran, Iran. 

Microorganisms (obtained from enrichment 
culture of the microorganisms in 1 mL of Mueller-
Hinton broth, incubated at 37°C for 12 h) were 
cultured on Mueller-Hinton agar medium.  

The following method was used to measure 
antibacterial activity: 40 µL of diluted essential oil 
(40 µL oil in 2 mL DMSO 10%) was added to a 200 
µL microbial suspension (1 loop from medium in 
physiological serum that compared with a 0.5 
McFarland standard) in well 1 in a microplate, and 
100 µL from this well was add to a 100 µL 

microbial suspension in well 2, and this continued 
until 8 wells in the microplate were filled. Micro-
plates were incubated at 37°C for 24 h [23]. 

RESULTS AND DISCUSSION 

Chemical components identified in the three oils 
of P. ferulacea and their percentage compositions 
are listed in Table 1.  

 

Table 1. Percentage composition of the leaf, stem and 
flower oils of Prangos ferulacea. 

Compound RI* Leaf Oil Stem Oil Flower Oil
α-pinene 953 12.1 10.3 12.4 
sabinene 970 0.5 0.4 1.4 
p-cymene 1014 - - 1.4 

1,8-cineole 1033 8.9 19.0 14.5 
linalool 1087 36.7 3.7 19.0 

α-campholenal 1126 2.3 0.7 7.0 
camphor 1136 1.6 - 1.3 
α-terpineol 1189 - 2.8 - 
myrtenal 1190 - 0.5 0.5 

lavandulyl 
acetate 

1289 1.2 - 16.0 

β-caryophyllene 1410 - - 0.6 
γ-elemene 1433 - - 0.6 

germacrene D 1480 - 0.5 1.6 
δ-cadinene 1524 - - 1.4 

geranyl 
isobutyrate 

1530 1.2 - 12.2 

germacrene B 1556 - - 0.3 
caryophyllene 

oxide 
1581 16.3 4.2 - 

β-eudesmol 1648 - 0.7 - 
α-cadinol 1650 - - 6.4 
kusinol 1674 0.9 0.5 1.6 

* Retention indices as determined on a DB-5 column using the homo-
logous series of n-alkane. 

The leaf oil consisted of 10 identified com-
pounds representing 81.7% of the oil composition. 
The main compounds were linalool (36.7%), 
caryophyllene oxide (16.3%) and α-pinene (12.1%). 
Another notable constituent was 1,8-cineole (8.9%). 

In the stem oil, 11 compounds were identified, 
representing 43.3% of the oil composition. The main 
compounds were 1,8-cineole (19.0%) and α-pinene 
(10.3%).  

Linalool (19.0%), lavandulyl acetate (16.0%), 
1,8-cineole (14.5%), α-pinene (12.4%) and geranyl 
isobutyrate (12.2%) were the main compounds 
among the 17 constituents representing 98.2% of the 
total components detected in the flower oil.  

Oxygenated monoterpenes represented the most 
abundant constituent of the oil of leaves, stems and 
flowers (63.3%, 37.4% and 74.7%, respectively). 
Linalool was the main constituent of the leaf and 
flower oils (36.7% and 19.0%, respectively), and 
1,8-cineole (19.0%) of the stem oil.  
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The literature survey of the chemical composi-
tion of P. asperula showed δ-3-carene, β-phel-
landrene, α-pinene and α-humulene to be the major 
components of the oil [13]. 

Dried aerial parts of Prangos uechtritzii contained 
δ-carene (3.39%) and p-cymene (3.38%) [8, 9], 
while α-pinene (40.82%), nonene (17.03%), phel-
landrene (11.14%), δ-carene (7.39%), and p-cymene 
(4.90%) were identified as major components of P. 
platychlaena [14]. The main compounds of the P. 
ferulacea aerial parts were α-pinene (36.6%), β-
pinene (31.9%) and β-phellandrene (11.7%) [15]. In 
our previous investigation [24] the oil of P. ferulacea 
collected from north of Tehran, Iran, contained α-
pinene, δ-3-carene, β-pinene and epi-α-bisabolol as 
main compounds and was found to be rich in 
sesquiterpenes hydrocarbons, while in the present 
study, the stem, leaf and flower oils of the plant, 
collected from Lorestan Province, Iran, contained 
mostly oxygenated monoterpenes. 

The oil of P. ferulacea aerial parts collected from 
Lorestan province, Iran, and of P. acaulis from Iran 
were rich in regard to oxygenated monoterpenes 
(77.8% and 86.2%, respectively) [15,25]. Our 
results, compared with our previous investigation on 
oils of the Prangos genus, also showed the oils of 
these parts to be dominated by oxygenated mono-
terpenes.  

The antibacterial assays showed that the oils of 
leaves, stems and flowers of P. ferulacea inhibited 
the growth of all the bacteria. Leaves, stems and 
flowers of P. ferulacea were further tested for Gram-
positive and Gram-negative bacteria. The results of 
the bioassays (Table 2) showed that the three oils 
exhibited moderate to strong differences in anti-
microbial activity.  
Table 2. Antibacterial activity of leaves, stems and 
flowers of Prangos ferulacea oils based on dilution 
method and using DMSO*. 

Bacterial  
Species 

Gram 
+/– 

Leaf 
Oil 

Stem 
Oil 

Flower 
Oil 

DMSO

Staphylococcus 
aureus 

ATCC 1112 

+ 0.5 2 0.5 >4 

Staphylococcus 
epidermidis  
ATCC 1114 

+ 0.25 0.5 >4 >4 

Bacillus cereus 
ATCC 1015 

+ 1 2 0.5 >4 

Pseudomonas 
aeruginosa 

ATCC 1310 

– 0.0625 0.5 1 >4 

* Values are the mean MIC (ppm). 

In the antimicrobial screening, the oil of P. 
ferulacea leaves exhibited particularly strong 
activity, especially for the Gram-positive organisms, 

although that of stem and flower oils was also 
interesting. (Leaf-oil MIC values for Pseudomonas 
aeruginosa, Staphylococcus epidermidis, Staphylo-
coccus aureus and Bacillus cereus were 0.0625 
ppm, 0.25 ppm, 0.50 ppm and 1.00 ppm, respect-
ively.) In previous studies, antibacterial activity of 
the essential oils of aerial parts of P. ferulacea in 
Iran appeared strong for Gram-positive bacteria, 
especially Staphylococcus aureus [15], while the P. 
ferulacea in Turkey was active against Staphylo-
coccus aureus [23]. Our previous article addressed the 
antibacterial activity of leaf oils against a Gram-
negative strain. 

CONCLUSIONS 

1. The chemical composition and antibacterial 
activity of essential oil from leaves, stems and 
flowers of Prangos ferulacea (L.) Lindl grown in 
Iran were investigated by hydrodistillation using a 
Clevenger-type apparatus and analysed by GC-MS. 

2. The leaf oil consisted of 10 identified com-
pounds representing 81.7% of the oil composition. 
The main compounds were linalool (36.7%), caryo-
phyllene oxide (16.3%) and α-pinene (12.1%). 
Another notable constituent was 1,8-cineole (8.9%). 

In the stem oil, 11 compounds were identified, 
representing 43.3% of the oil composition. The 
main compounds were 1,8-cineole (19.0%) and α-
pinene (10.3%).  

Linalool (19.0%), lavandulyl acetate (16.0%), 
1,8-cineole (14.5%), α-pinene (12.4%) and geranyl 
isobutyrate (12.2%) were the main components 
among the 17 constituents characterized in the 
flower oil, representing 98.2 % of the total com-
ponents detected.  

3. Oxygenated monoterpenes represented the 
most abundant constituents of the oil of leaves, 
stems and flowers (63.3%, 37.4% and 74.7%, res-
pectively). 

4. The oils were tested against four Gram-posi-
tive or negative bacteria using a dilution method. It 
was found that oils from leaves, stems and flowers 
of P. ferulacea, and especially that of leaves, 
exhibited interesting antibacterial activity. 

5. Comparing these results with investigations on 
oils of other species of the Prangos genus showed 
they are also dominated by oxygenated mono-
terpenes. 
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ХИМИЧЕН СЪСТАВ И АНТИБАКТЕРИАЛНА АКТИВНОСТ НА ЕТЕРИЧНИ МАСЛА ОТ ЛИСТА, 

СТЪБЛА И ЦВЕТОВЕ ОТ Prangos ferulacea (L.) Lindl. ОТ ИРАН 

М. Т. Акбари1, А Есмаели2*, А. Х. Зареа3, Н. Саад3, Ф. Багери3 
1 Департамент по химия, Ислямски университет Азад, Хомейни Шахр, Исфахан, Иран 

2 Департамент по инженерна химия, Отдел Северен Техеран, Ислямски университет Азад, Техеран, Иран 
3 Отдел по фармацевтични науки, Ислямски университет Азад, Техеран, Иран 

Постъпила на 31 декември 2008 г.;   Преработена на 27 юли 2009 г. 

(Резюме) 

Получени са етерични масла от листа, стъбла и цветове от Prangos ferulacea (L.) Lindl. растящи в Исфахан, 
Иран чрез хидродестилация с използване на оборудване тип Clevenger и е анализиран техния химичен състав 
чрез ГХ-МС и е изследвана антибактериалната им активност. Всички масла се състоят главно от кислород-
съдържащи монотерпени и малък процент от сескитерпенови съединения. В маслото от листа са идентифи-
цирани 10 компонента с преобладаване на кислородсъдържащи монотерпени. Идентифицираните три главни 
съставки (представляващи 65.1% от маслото) са линалол (36.7%), кариофилен оксид (16.3%) и α-пинен (12.1%). 
В маслото от стъбла са идентифицирани 11 съединения като отново преобладават кислородсъдържащи моно-
терпени. Двете главни идентифицирани съставки (представляващи 29.3% от маслото) са 1,8-цинелол (19.0%)  
α-пинен (10.3%). От 17-те съединения намерени в маслото от цветове, петте главни идентифицирани 
компоненти (представляващи 74.1% от маслото) са кислородсъдържащи монотерпени: линалол (19.0%), 
лавандулилацетат (16.0%), 1,8-цинелол (14.5%), α-пинен (12.4%) и геранилизобутират (12.2%). Маслата бяха 
тествани срещу грам-положителни и грам-отрицателни бактерии. Антибактериалната активност е измерена 
използвайки метода на разреждане. Намерено е, че маслото от листа, стъбла и цветове от Prangos ferulacea  и 
особено това от листапоказва интересна антибактериална активност. 
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Synthesis and evaluation of novel carbazole derivatives as free radical scavengers 
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A series of carbazole conjugated with different aminophenols and substituted aminophenols were synthesized by 
base catalyzed condensation reaction. The key intermediate 1-(9H-carbazol-9-yl)-2-chloroethanone, was obtained by N-
acylation of carbazole with chloroacetyl chloride. The newly synthesized compounds were characterized by spectral and 
elemental analysis data and studied for their radical scavenging activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
assay. Butylated hydroxy anisole (BHA) was used as a reference antioxidant compound and the comparative study with 
newly synthesized compounds was also done. Among the analogues, 1-(9H-carbazole-9-yl)-2-(4-hydroxy-3-methoxy-
phenylamino)ethanone, bearing electron donating methoxy substituent in the phenolic moiety, showed predominant 
activity. 

Key words: carbazole, 1-(9H-carbazol-9-yl)-2-chloroethanone and radical scavenging activity. 

INTRODUCTION 

Free radicals, which are generated in many 
bioorganic redox processes, may induce oxidative 
damage in various components of the body (e.g. 
lipids, proteins and nucleic acids) and may also be 
involved in processes leading to the formation of 
mutations, were recently reported [1]. Reactive 
oxygen species have been recognized to play an 
important role in the initiation and or progression of 
various diseases such as ischemia-reperfusion 
injury, atherosclerosis, and inflammatory injury [2]. 
There is a growing interest on natural and synthetic 
antioxidants as a protective strategy against these 
diseases by block or removal of oxidative stress [3]. 
Free radical formation is associated with the normal 
natural metabolism of aerobic cells. The oxygen 
consumption inherent in cell growth leads to the 
generation of a series of oxygen free radicals. The 
interaction of these species with lipid molecules 
produces new radicals: hydroperoxides and different 
peroxides [4–5]. This group of radicals (superoxide, 
hydroxyl and lipid peroxides) may interact the 
biological systems in a cytotoxic manner. Free 
radicals and their uncontrolled production, in fat, are 
responsible for several pathological processes, such 
as certain tumors (prostate and Colon cancers) and 
coronary heat diseases [6]. The reducing properties 
of diarylamines make them very important as anti-
oxidants, especially as radical scavengers [7]. In fact 
most representative examples of antioxidants are 
hindered phenols and diphenylamine derivatives [8]. 
The reaction of RO2

• radicals with secondary amine 

seems to proceed according to the mechanism 
proposed by Thomas [9], the H-transfer reaction 
from the N–H bond to peroxyl occurring in a first 
steps leads to aminyl radical (RR'N•), which react 
again with RO2

• radical giving nitroxide radicals 
(RR1NO•) in a second step.  

Antioxidants are now forged as the drug can-
didate to combat several diseases. In the literature 
some tricyclic amines and their chemical structure 
showed antioxidant neuroprotective activity in vitro 
[10]. Recently, radical scavenging activity of amino 
acid analogues of 10-methoxy-5H-dibenz[b,f]aze-
pine, a tricyclic amine has been reported [11]. 
Herein, carbazole belonging to the same class of 
compound is taken as model compound. Carbazole 
is one of the aromatic heterocyclic organic com-
pound and its derivatives are known as alkaloids 
from plants, and many of these show antioxidative 
and biological activities, such as antitumor, psycho-
tropic, anti-inflammatory, antihistaminic, and anti-
biotic activities [12–15]. Owing to the widespread 
applications, synthetic and biological activity eva-
luation of carbazole and their derivatives has been 
subject of intense investigations. In the course of the 
development of new antioxidants, we have inter-
ested in novel carbazole derivatives based on the 
preliminary findings that carbazole has an anti-
oxidant properties.  

CHEMISTRY 

Carbazole was synthesized by applying known 
method [15]. The active sites for the coupling of 
different aminophenols and substituted aminophe-
nols to the basic molecule was very less thus, we 
select the N-acylation reaction in order to obtain the 
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key intermediate in which the coupling of different 
aminophenols and substituted aminophenols can be 
done very easily with simple experiment protocol 
with good yield. The selection of aminophenols and 
substituted aminophenols was done on the basis of 
its chemical feasibility. The synthesis of carbazole 
analogues conjugated with different aminophenols 
and substituted aminophenols was realized in two 
steps. In the first step, the key intermediate 1-(9H-
carbazol-9-yl)-2-chloroethanone was prepared in 
good yield by N-acylation of carbazole with chloro-
acetyl chloride in the presence of triethylamine as 
base (Scheme 1). In the second step, further coupling 
of respective aminophenols and substituted amino-
phenols to the intermediate was done by base 
condensation reaction to obtain the novel carbazole 
analogues (Scheme 2). 

EXPERIMENTAL 

Materials and Methods 

DPPH was purchased from Sigma Aldrich,  
chloroacetyl chloride, triethylamine, benzene, diethyl 
ether, ethyl acetate, n-hexane, tetrahydrofuran, 
anhydrous potassium carbonate, methanol, chloro-
form, sodium bicarbonate, anhydrous sodium 
sulphate and aminophenols like 2-aminophenol,  
3-aminophenol, 4-aminophenol, substituted amino-
phenols like 4-nitro-2-aminophenol and 4-methoxy-
2-aminophenol were all of analytical grade and 
procured from Merck. TLC aluminium sheets - 
Silica gel 60 F254 was also purchased from Merck. 
All the reported melting points were taken in open 
capillaries and are reported uncorrected. The IR 
spectra were recorded on a FT-IR021 model in KBr 
disc. The 1H NMR spectra were recorded on Jeol 
GSX 400 MHz spectrophotometer using CDCl3 as a 
solvent and the chemical shift (δ) are in ppm relative 
to internal standard. The Mass spectra were 
recorded on Waters-Q-TOF Ultima spectrometer.  

Synthesis of 1-(9H-carbazol-9-yl)-2-chloroethanone (2) 

To the well stirred solution of carbazole (2 mM) 
and triethylamine (2.2 mM) in 50 ml benzene,  
chloroacetyl chloride (2.2 mM) in 25 ml benzene  
 

was added drop by drop for about 30 min. Then the 
reaction mixture is stirred at room temperature for 
about 6 hr. Progress of the reaction is monitored by 
TLC using 9:1 hexane:ethyl acetate mixture as 
mobile phase. After the completion of reaction, the 
reaction mass was quenched in ice cold water and 
extracted in diethyl ether. The ether layer was 
washed twice with 5% NaHCO3 solution followed 
by distilled water. Finally the ether layer is dried 
over anhydrous Na2SO4. The pale yellow solid 
product was obtained by desolventation through 
rotary evaporator at 35ºC. 

Carbazole (1). Light yellow solid, yield 73%, 
melting point 218–220ºC, IR (KBr) νmax (cm–1): 
3418.21 (N–H), 2360.4–2922.59 (Ar–H); 1H NMR 
(CDCl3) δ: 10.2 (s, N–H, 2H), 7.2–8.33 (m, Ar–H, 
8H). Mass (m/z, %): M+ 167.8; Anal. calcd. for 
C12H9N: C, 86.20; H, 5.43; N, 8.38%; Found: C, 
86.21; H, 5.42; N, 8.37%.  

1-(9H-carbazol-9-yl)-2-chloroethanone (2): Light 
yellow solid, yield 85%, melting point 209–212ºC, 
IR (KBr) νmax (cm–1): 1600.8 (C=O), 2378.4–2872.9 
(Ar–H); 1H NMR (CDCl3) δ (ppm): 4.36 (d, CH2–
C=O, 2H), 7.78–8.33 (m, Ar–H, 8H). Mass (m/z, %): 
M+ 243; Anal. calcd. for C14H10ClNO: C, 69.00; H, 
4.14; N, 5.75%; Found: C, 69.01; H, 4.16; N, 5.73%.  

General procedure for the synthesis of 1-(9H-
carbazol-9-yl)-2-chloroethanone conjugated with 
different aminophenols and substituted aminophe-

nols (2a–e). 

2-aminophenol (1.2 mM) in THF (25 mL) was 
treated with K2CO3 (600 mg) under N2 atmosphere. 
Later the solution of 1-(9H-carbazol-9-yl)-2-chloro-
ethanone (1 mM) in THF (25 mL) was added drop 
by drop for 30 min. The reaction mixture was 
refluxed for 6–8 hr. The progress of the reaction 
mixture was monitored by TLC. The reaction 
mixture was then desolventized in rotary evaporator 
and the compound is extracted in ethyl acetate. The 
ethyl acetate layer was washed with water and dried 
over anhydrous Na2SO4. The yellow semisolid was 
obtained by further desolventation in rotary 
evaporator at 50ºC. 

N

O

Cl

N

H

ClCOCH2Cl

Triethylamine, C6H6
RT, 6 hr

+ HCl

 
(1)           (2) 

Scheme 1. 
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N
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NH2

R1

R2

R3

R4

R5

+
N

O

NH

R1

R2

R3

R4

R5

THF, K2CO3

N2 atmosphere,
ref lux 6-8 hr + HCl

 
(2)            (2a–e)  

Compound R1 R2 R3 R4 R5 

2a H H OH H H 
2b OH  H H H H 
2c H OH  H H H 
2d H H OH NO2 H 
2e H H OH OCH3 H 

Scheme 2. 

1-(9H-carbazol-9-yl)-2-chloroethanone deriva-
tives conjugated with 3-aminophenol, 4-amino-
phenol, substituted aminophenols like 4-nitro-2-
aminophenol and 4-methoxy-2-aminophenol were 
obtained by following same procedure. The ana-
logues were separated and purified by column 
chromatography by using mixture of chloro-
form/methanol = 85:15. The products were char-
acterized by IR, mass, 1H NMR and elemental 
analysis. 

1-(9H-Carbazole-9-yl)-2-(4-hydroxy phenylami-
no)ethanone (2a). Light yellow solid, yield 74%, 
melting point 222–224ºC, IR (KBr) νmax (cm–1): 
3413.21 (N–H), 1600.8 (C=O), 2364.5– 2922.59 
(Ar–H), 3201.3–3412.6 (Ph–OH); 1H NMR (CDCl3) 
δ (ppm): 4.34 (d, CH2–C=O, 2H), 7.71–8.32 (m, 
Ar–H, 8H), 6.2 (s, NH, 1H), 6.7–6.8 (m, Ph–Ar–H, 
4H), 10 (s, Ph–OH, 1H). Mass (m/z, %): M+ 316; 
Anal. calcd. for C20H16N2O2: C, 75.93; H, 5.10; N, 
8.86%; Found: C, 75.91; H, 5.12; N, 8.88%. 

1-(9H-Carbazole-9-yl)-2-(2-hydroxy phenylami-
no)ethanone (2b). Light yellow solid, yield 71%, 
melting point 178–182ºC, IR (KBr) νmax (cm–1): 
3401.21 (N–H), 1601.8 (C=O), 2360.4–2921.5 (Ar–
H), 3378.2–3446.6 (Ph–OH); 1H NMR (CDCl3) δ 
(ppm): 4.35 (d, CH2–C=O, 2H), 7.76–8.33 (m, Ar–
H, 8H), 6.3 (s, NH, 1H), 6.5–7.2 (m, Ph–Ar–H, 4H), 
10.1 (s, Ph–OH, 1H); Mass (m/z, %): M+ 316; Anal. 
calcd. for C20H16N2O2: C, 75.93; H, 5.10; N, 8.86%; 
Found: C, 75.91; H, 5.12; N, 8.88%. 

1-(9H-Carbazole-9-yl)-2-(3-hydroxy phenylamino) 
ethanone (2c). Light yellow solid, yield 66%, 
melting point 200–202ºC, IR (KBr) νmax (cm–1): 
3412.21 (N–H), 1600.6 (C=O), 2362.4–2920.9 (Ar–
H), 3377.3–3456.4 (Ph–OH); 1H NMR (CDCl3) δ 
(ppm): 4.33 (d, CH2–C=O, 2H), 7.73–8.36 (m, Ar–
H, 8H), 6.1 (s, NH, 1H), 6.0–7.2 (m, Ph–Ar–H, 4H), 

9.8 (s, Ph–OH, 1H). Mass (m/z, %): M+ 316; Anal. 
calcd. for C20H16N2O2: C, 75.93; H, 5.10; N, 8.86%; 
Found: C, 75.91; H, 5.12; N, 8.88%. 

1-(9H-Carbazole-9-yl)-2-(4-hydroxy-3-nitro phe-
nylamino)ethanone (2d). Light brown solid, yield 
77.6%, melting point 220–224ºC, IR (KBr) νmax 
(cm–1): 3411.21 (N–H), 1600.5 (C=O), 2368.4–
2922.5 (Ar–H), 3360.3–3455.3 (Ph–OH); 1H NMR 
(CDCl3) δ (ppm): 4.31 (d, CH2–C=O, 2H), 7.77–8.39 
(m, Ar–H, 8H), 6.2 (s, NH, 1H), 7.1–7.9 (m, Ph–
Ar–H, 3H), 10.3 (s, Ph–OH, 1H); ). Mass (m/z, %): 
M+ 361; Anal. calcd. for C20H15N3O4: C, 68.48; H, 
4.18; N, 11.63%; Found: C, 68.46; H, 4.19; N, 
11.64%. 

1-(9H-Carbazole-9-yl)-2-(4-hydroxy-3-methoxy 
phenylamino)ethanone (2e). White solid, yield 
83.4%, melting point 189–193ºC, IR (KBr) νmax 
(cm–1): 3412.21 (N–H), 1613.9 (C=O), 2361.4–
2932.5 (Ar–H), 3377.3–3455.6 (Ph–OH); 1H NMR 
(CDCl3) δ (ppm): 4.30 (d, CH2–C=O, 2H), 7.71–
8.31 (m, Ar–H, 8H), 6.4 (s, NH, 1H), 7.0–7.7 (m, 
Ph–Ar–H, 3H), 9.8 (s, Ph–OH, 1H), 3.5 (s, OCH3, 
3H). Mass (m/z, %): M+ 346; Anal. calcd. for 
C21H18N2O3: C, 72.82; H, 5.24; N, 8.09%; Found: C, 
72.83; H, 5.21; N, 8.07%. 

RADICAL SCAVENGING ACTIVITY 

The newly synthesized compounds were screened 
for their radical scavenging activity using a stable 
free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

The compounds under studies were dissolved in 
distilled ethanol (50 mL) to prepare 1000 µM solu-
tion. Solutions of different concentrations (10, 25, 
50, 100, 200 and 500 µM) were prepared by serial 
dilution and the free radical scavenging activity was 
studied. 

N. Naik et al.: Synthesis and evaluation of novel carbazole derivatives 



 43

DPPH radical scavenging activity 

The DPPH (2,2-diphenyl-2-picrylhydrazyl) 
radical scavenging effect was carried out according 
to the method first employed by Blois [16]. 
Compounds of different concentrations were pre-
pared in distilled ethanol, 1 mL of each compound 
solutions having different concentrations (10, 25, 
50, 100, 200 and 500 µM) were taken in different 
test tubes, 4 mL of a 0.1 mM ethanol solution of 
DPPH was added and shaken vigorously. The tubes 
were then incubated in the dark room at RT for 20 
min. A DPPH blank was prepared without com-
pound, and ethanol was used for the baseline 
correction. Changes (decrease) in the absorbance at 
517 nm were measured using a UV-visible spec-
trophotometer and the remaining DPPH was 
calculated. The percent decrease in the absorbance 
was recorded for each concentration, and percent 
quenching of DPPH was calculated on the basis of 
the observed decreased in absorbance of the radical. 
The radical scavenging activity was expressed as the 
inhibition percentage and was calculated using the 
formula:  

Radical scavenging activity = [(A0 – A1)/A0]×100 (%) 

Where A0 is the absorbance of the control (blank, 
without compound) and A1 is the absorbance of the 
compound. The radical scavenging activity of BHA 
and ascorbic acid was also measured and compared 
with that of the newly synthesized compound. 

RESULTS AND DISCUSSION 

N-Acylation of carbazole was affected initially 
by using Na2CO3 as a base and benzene as solvent 
.Only poor yields was achieved. Instead, when tri-
ethylamine was used as base the yield of the product 
improved significantly (i.e, about 85%) in stirring 
mode at about 30–35ºC. 

Scheme 1 shows the reaction pathway of the N-
acylation of carbazole (1) in the presence of trie-
thylamine as base affords key intermediate 1-(9H-
carbazol-9-yl)-2-chloroethanone (2), Further base 
condensation with different aminophenols and 
substituted aminophenols were carried out to get the 
target analogues (2a–e) (Scheme 2). 

The obtained analogues were characterized by 
various spectroscopic techniques like IR, Mass,  
1H NMR and elemental analysis. 

The IR spectra of key intermediate showed the 
absence of N–H stretching at 3418 cm–1 and addi-
tion of C=O stretching at 1600 cm–1 respectively. 
1H NMR reveals the absence of N–H proton at 11.2 
ppm and the presence of –CH2 protons as doublet at 
4.36 ppm. All the respective aromatic protons were 

signaled at 7.78–8.33 ppm. These data reveals the 
N-acylation of carbazole was successful under our 
experimental protocol. 

Further the coupling of various aminophenols 
and substituted aminophenols was done by base 
condensation reaction in the presence of K2CO3 as 
base. The IR spectra of all the target analogues 
showed broad stretching at a region at 3201–3456 
cm–1 for phenolic –OH, all the conjugated analogues 
showed N–H stretching at 3401–3413 cm–1. 1H 
NMR spectra of all 1-(9H-carbazol-9-yl)-2-chloro-
ethanone derivatives (2a–2e) showed multiplet for 
Ar–H proton at δ 6.0–8.39 ppm. All the conjugated 
analogues showed sharp singlet peak at δ 9.8–10.3 
ppm corresponding to phenolic –OH. Compound 
(2e) showed sharp singlet peak at δ 3.5 ppm corres-
ponding to –OCH3 group.  

All the analogues showed mass according to 
their M+ ions. 

The radical scavenging effects of newly syn-
thesized compounds were examined in the present 
study using radicals generated by DPPH. 

Radical scavengers reacts with DPPH, which is a 
stable free radical and convert it to 2,2-diphenyl-1-
picrylhydrazine. The degree of discoloration indi-
cates the scavenging potentials of the compounds. 
The percentage DPPH activities of all the newly 
synthesized compounds are showed in the Figure 1. 
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Fig. 1. % DPPH radical scavenging activity of carbazole 
and newly synthesized analogues. Each value represents 

the mean ± SD (n = 3).  

From the figure, all the compound showed DPPH 
activity in concentration dependent manner. On the 
other hand, the half inhibition concentration (IC50) 
for all the newly synthesized analogues including 
the reference antioxidant BHA was calculated 
graphically using a linear regression algorithm and 
showed in Table 1.  

Initially, the key intermediate (2) showed negli-
gible activity, but coupling of different aminophe-
nols and substituted aminophenols (2a–2e) increases 
the activity. All the analogues demonstrated signi-
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ficant radical scavenging effect. Among them, the 
methoxy substituted analogues (2e) was found to be 
more potent followed by p-aminophenol analogue 
(2a). 
Table 1. 50% Inhibition of DPPH radical by the carba-
zole and its analogues. where – corresponds to no 50% 
inhibition. 

Compound IC50 (µM) 

1 60.34 ± 1.94 
2 – 

2a 18.32 ± 0.56 
2b 21.67 ± 0.86 
2c 25.55 ± 1.11 
2d 20.87 ± 0.94 
2e 15.12 ± 0.43 

BHA 16.23 ± 1.23 

The presence of electron donating methoxy sub-
stitutent in the phenolic compounds is known to 
increase the stability of the radical and hence, the 
antioxidant activity [17]. Thus the introduction of a 
methoxy group to aminophenol increases the hydro-
gen donation ability and therefore increases the 
radical scavenging capacity. But the introducing of 
electron withdrawing NO2 group slightly decreases 
the scavenging capacity. 

The radical scavenging activity of all the newly 
synthesized analogues was compared with the 
standard antioxidant i.e., BHA. 1-(9H-carbazole-9-
yl)-2-chloro ethanone conjugated with methoxy sub-
stituted aminophenol (2e) showed dominant activity 
than the BHA, whereas all the analogues showed 
less activity than the BHA. 

The increased DPPH radical scavenging activity 
of all the newly synthesized compounds is as 
follows 2e > BHA> 2a > 2d > 2b > 2c > 1 > 2 

CONCLUSION 

We have synthesized a ray of carbazole ana-
logues conjugated with different aminophenols and 
substituted aminophenols. The synthetic protocol 
proposed by us, reproduces the convenient way for 
the target compounds. The synthesized compounds 
were evaluated for their DPPH radical scavenging 
activity. Initially, the key intermediate 1-(9H-carba-
zole-9-yl)-2-chloro ethanone (2) showed negligible 
activity, whereas coupling of different aminophnols 
and substituted aminophenols enhance the radical 
scavenging activity. Among the analogues carbazole 

conjugated with 4-methoxy-2-aminophenol exhi-
bited more potent inhibition of DPPH radical sca-
venging activity and also more potent than the 
standard BHA. 

Our study provides evidence that carbazole 
derivative bearing different aminophenols and sub-
stituted aminophenols exhibits interesting DPPH 
radical scavenging activity. These analogues may be 
useful in the treatment of pathologies, in which free 
radical oxidation plays a fundamental role. This may 
warrant further in depth biological evolutions. Work 
is in progress to design, synthesize and evaluate 
addition compound in this and related systems. 
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(Резюме) 

Синтезирани е серия съединения от карбазол спрегнат с различни аминофеноли и заместени аминофеноли 
чрез алкална каталитична реакция на кондензация. Ключовото междинно съединение 1-(9H-карбазол-9-ил)-2-
хлоретанон е получено чрез N-ацилиране на карбазол с хлорацетилхлорид. Новосинтезираните съединения са 
охарактеризирани чрез спектрални и елементен анализи и е изследвана тяхната активност като антиоксиданти с 
2,2-дифенил-1-пикрилхидразил (DPPH). Направено е сравнително изследване на новосинтезираните 
съединения като антиоксиданти в сравнение с бутилхидроксианизол (ВНА). От аналозите по-висока активност 
показа 1-(9H-карбазол-9-ил)-2-(4-хидрокси-3-метоксифениламино)етанона, който има електронодорен метокси 
заместител във фенолната част.  
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A fermentation process for hydrogen production as a result of the simultaneous effect of Rhodobacter sphaeroides 
and Clostridium butyricum on a wine-vinasse substrate was realized in a single illuminated bioreactor. The kinetics of 
the cooperative process indicates rapid and enhanced production of hydrogen showing yield of 65.41 mmol/l vinasse 
with a mixed culture as compared to processes using the two bacteria separately that have yields of 27.41 and 25.49 
mmol/l vinasse for Rhodobacter and Clostridium, respectively. The experiment with a mixture of the two bacteria 
revealed co-operative assimilation of almost all components studied in the following sequence: malic acid > lactic acid 
> residual sugars> tartaric acid > citric acid. The use of vinasse substrate for hydrogen production would be a 
significant ecological energy resource for enterprises producing wine brandies together with waste utilization. 

Key words: hydrogen production, mixed fermentation, Rhodobacter sphaeroides, Clostridium butyricum, renewable 
energy resource, wine-vinasse. 

INTRODUCTION 

In the nearest future hydrogen is expected to find 
a wide application in both industry and transport 
because water is the only product of its burning. In 
addition to the labour-consuming and expensive 
methods of its chemical preparation, biological 
methods became very popular during the past years. 

Methods based on photo-fermentation and dark-
fermentation H2-producing bacteria on various 
substrates proved very important. One of the main 
problems with these bacterial processes is the sub-
strate material which is, in most cases, an agri-
cultural waste product, waste water, whey, etc., 
needing sometimes additional pre-treatment before 
being thrown away [1, 2]. The utilization of these 
products aimed at hydrogen production would result 
in cheap and pure energy, the polluting waste 
products being eliminated. Some studies used carbo-
hydrate-containing substrates and dark-fermentation 
with the participation of bacteria, above all of the 
kind Clostridium [3, 4] as well as photo bacteria 
acting on substrates which contain mainly organic 
acids were carried out [5, 6]. Combination of the 
two processes has been achieved by successive 
utilization of a glucose-containing substrate with 
Enterobacter cloacae followed by photofermen-

tation with Rodobacter sphaeroides of the meta-
bolites from the dark process which contain, mainly 
acetic acid and other products. This combination of 
the two processes significantly increases the hydro-
gen yield and the utilization of the substrate che-
mical energy. The hydrogen yield of the combined 
processes is found to be higher than that of a single 
process [7]. The development of an integrated bio-
logical hydrogen production process is described on 
the basis of unicellular green algae, which are driven 
by the visible portion of the solar spectrum, coupled 
with purple photosynthetic bacteria, which are 
driven by the near infrared portion of spectrum [8]. 

In the present study, we tried to obtain hydrogen 
by simultaneous photo fermentation and dark 
fermentation in a single bioreactor with combined 
action of Chlostidium butyricum and Rodobacter 
sphaeroides on the waste substrate. The latter, 
called wine-vinasse, was a waste product formed 
during wine distillation before obtaining brandy as a 
final product. This product is rich in organic acids 
and residual sugars, amino acids and small amounts 
of other compounds coming from the grapes. 

MATERIALS AND METHODS 

Cultivation of Rhodobacter sphaeroides and 
Clostridium butyricum 

Clostridium butyricum 1389 strain was supplied 
from the National Bank of Industrial Microorga-
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nisms and Cell Culture in Sofia. The initial Rhodo-
bacter sphaeroides strain was bought from the firm 
NCIMB, UK with an authentic certificate. 

Rhodobacter sphaeroides was cultivated in M22 
medium [9] containing sodium lactate, succinate, 
glutamate and aspartic acid as carbon and nitrogen 
sources as well as minerals and vitamins. Culti-
vation was performed under anaerobic conditions in 
light at a temperature of 30°C and pH 6.5. The cells 
grown were colored in red. Prior to its use, the 
culture was adapted in vinasse, at first in a 1:1 ratio, 
and then on pure vinasse.  

Clostridium butyricum was precultured at 37°C 
in a basal medium (pH 7.0) containing (g/l) casein 
hydrolyzate 15 g, L-cystein 0.5 g, glucose 5.0 g, 
yeast extract 5 g, sodium thioglycolate 0.5 g, 
sodium chloride 2.5 g and agar 0.75 g. Before using 
the culture to obtain hydrogen from vinasse, it was 
adapted in a nutrient medium and vinasse in a 1:1 
ratio, after which it was transferred to pure vinasse.  

Vinasse substrate was prepared by distillation of 
white wines and consisted mainly of tartaric acid, 
citric, malic and lactic acids, amino acids, residual 
sugars as well as other compounds of lower 
contents. When vinasse from red wines were used, 
the residue after the alcohol distillation was deco-
loured with active carbon in order to eliminate 
dyeing substances.  

Assays 

Analysis of acids were performed with a HPLC 
chromatography (HPLC Waters column Lichrosper 
100, RP-C18). The sugars were determined spectro-
photometrically as reducing substances by means of 
3,5-dinitrosalicylic acid [10]. Quantitative estima-
tion was made on the basis of a standard straight 
line obtained using glucose and the above method.  

The cell concentration in this case was also 
determined nephelometrically at 600 nm and then 
recalculated per mg dry weight with the use of a 
standard calibrating curve. 

Hydrogen gas was estimated using an electro-
chemical gas sensor TGS-FIGARO Engineering 
Inc., based on tin dioxide as sensing material. The 
output signal displayed the percentage volume of H2 
in a biogas mixture. The system was calibrated once 
in two days using pure hydrogen calibration gas. 

Procedure of hydrogen production 

Hydrogen is produced from both single pure 
cultures and the mixed cultures in the laboratory 
installation shown in Fig. 1.  

Vinasse substrate (150 ml) was placed in a glass 
bioreactor with a volume of 200 ml and flat walls 
ensuring better illumination. Inoculated and adapted 

Rhodobacter sphaeroides culture was added during 
the single experiments in amounts of 20 ml so that 
the final concentration in the total working volume 
was about 0.4 mg/ml dry cells. In the case of 
Clostridium butyricum, an inoculate of its cells 
adapted to wine-vinasse in a volume of 20 ml was 
added to 150 ml of the substrate with a view to 
achieving a final concentration of about 0.2 mg·ml–1 
dry cells in the working volume of the reactor. The 
biomass concentration in the mixed culture of the 
two microorganisms was the same as with the 
experiments with one bacterial kind (R. sphaeroides 
0.4 mg·ml–1 C. butyricum 0.2 mg·ml–1, i.e. a ratio of 
2:1 between them taking into consideration that 
organic acids content is higher in vinasse than 
reducing sugar compounds). With both kinds of 
experiments the pH value was 6.5 and this value 
was maintained during the whole process at a 
temperature of 30°C. Immediately after introducing 
the inoculate, the whole system was blown through 
with argon for 15 min to ensure an anaerobic 
medium. After this procedure, the halogen lamp of 
500 W was switched on in order to illuminate the 
reactor. The bioreactor content was stirred with a 
magnetic stirrer and the adsorption of carbon 
dioxide before hydrogen accumulation proceeded in 
a 10% Ca (OH) 2 solution. 
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Fig. 1. Laboratory scheme for photo production of 
hydrogen by Clostridium butyricum and Rhodobacter 

sphaeroides. 1 - argon; 2 - microbial filter; 3 - pH-meter; 
4 - photobioreactor; 5 - temperature control; 6 - magnetic 

stirrer; 7 - halogen lamp; 8 - CO2 trap (10% Ca(OH)2);  
9 - gasholder. 

RESULTS AND DISCUSSION 

Photo fermentation process for hydrogen 
production using Rhodobacter sphaeroides and 

waste wine-vinasse substrate 

Fig. 2. shows the kinetics of hydrogen produc-
tion in a periodic photo fermentation process.  

Hydrogen evolution was observed for 115 h. 
Hydrogen generation began approximately during 
the fifth hour from the process beginning and had its 
highest rate of 163.79 µmol·h–1 until the 23th hour, 
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then continued with a rate of 49.05 µmol·h–1 up to 
the 68th h. After that, the rate of biohydrogen 
production gradually dropped until abating of the 
process 96 h after its start probably due to 
exhaustion of the substrate. During these 96 h the 
volume of hydrogen amounted to 5.612 mmoles, i.e. 
the mean rate of its generation was 59.03 µmol·h–1. 
Along with the fermentation process, the increase in 
biomass was also followed. The cell biomass intro-
duced with the inoculate, was found to grow from 
0.42 mg·ml–1 to 0.997 mg·ml–1 in the exponential 
phase of the growth curve, these investigations 
being also presented in Fig. 2. The productivity 
curve (Fig. 2) shows the maximum in the late 
exponential phase of the microbial growth followed 
by sharp decrease, with a relatively low productivity 
in the stationary phase. 
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Fig. 2. Kinetics of hydrogen production, microbial 

growth and productivity at photo fermentation process 
with Rhodobacter sphaeroides and vinasse as a substrate. 

(-◊-) – CDW (cell dry weight); (-∆-) – hydrogen;  
(-□-) – productivity. 

Hydrogen production using Clostridium butyricum 
and waste wine-vinasse substrate 

The batch fermentation process of hydrogen 
production by means of Clostridium butyricum was 
realized under conditions identical to those of the 
above process, however without illumination. Fig. 3, 
illustrating the process kinetics, evidences notice-
able hydrogen production about the 10th h. The 
process continued with a constant high rate of 
120.55 µmol·h–1 till the 32th h, after which a rapid 
rate drop was noticed. The process preserved its 
intensity till the 50th h (Fig. 3). The same plot 
demonstrates a biomass increase from 0.2 mg·ml–1 
to 0.71 mg·ml–1 at the end of the process. For the 
strain Clostridium butyricum the maximum product-
ivity was observed in the all phases of growth, with 
a maximum in the stationary one (Fig. 3) 

Probably, for hydrogen production in the 
stationary phase a substrate available in the growth 
phase is necessary. 
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Fig. 3. Kinetics of hydrogen production and microbial 

growth at fermentation process with Clostridium 
butyricum and vinasse as a substrate. (-◊-) – CDW (cell 
dry weight);   (-∆-) – hydrogen;   (-□-) – productivity. 

A periodic photo fermentation process for hydrogen 
production using the joint effect of Rhodobacter 

sphaerroides and Clostridium butyricum on  
wine-vinasse as a substrate 

Vinasse substrate in an amount as already used 
separately with the two microorganisms (Rh. sphae-
roides and C. butyricum) was placed in the above 
reactor together with them taking into account the 
necessary condition of their having a 2:1 ratio in the 
working volume. The process was accompanied by 
illumination. Fig. 4 shows the kinetics of hydrogen 
production in the presence of both bacteria as well 
as biomass growth and productivity. 
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Fig. 4. Kinetics of hydrogen production and microbial 

growth at photo fermentation process with mixed culture 
of Rhodobacter sphaeroides and Clostridium butyricum 

and vinasse as a substrate. (-◊-) – CDW (cell dry weight);   
(-∆-) – hydrogen;   (-□-) – productivity. 

Evidently, the production of hydrogen begins 
relatively soon (during the 5th h after the process 
beginning) and the rate increases quickly till the 26th 
h with an average rate of 326.74 µmol·h–1. Hydro-
gen generation was observed for 50 h. but already 
with a lower rate of 117.64 µmol·h–1. The total gas 
production was 9.811 mmoles, i.e. much more than 
the productions in the previous batch processes. 
During the 75th h the intensity of hydrogen 
production was still high. 
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It is obvious that hydrogen production takes 
place within the whole time for culture growth 
tending to zero when the substrate is probably 
exhausted. The results show the possibility of co-
operating the two bacteria in order to enhance the 
hydrogen production and achieve better utilization 
of the vinasse substrate. 

Analysis of the utilized components of the vinasse 
substrate 

Table 1 shows some of the more important 
vinasse components followed separately in the 
presence of Rhodobacter sphaeroides and Clostri-
dium butyricum as well as of mixed cultures during 
the fermentation processes. Some of the main 
vinasse components such as tartaric acid, lactic acid, 
malic acid and citric acid were subjected to analysis. 
The residual sugars were determined as reducing 
agents. Rhodobacter sphaeroides showed intense 
utilization of malic and lactic acids, and partial 
utilization of tartaric and citric acids. This bacterium 
was also found to use residual sugars relatively well. 
Clostridium butyricum was characterized by intense 
utilization of residual sugars as well as by 
consumption of some of the acids such as lactic and 
malic acids.  
Table1. Components content of initial vinasse and their 
residual concentrations at the end of different fermen-
tation processes. In parentheses – the percentage molar 
consumption of a certain substrate; reducing substances 
are presented as glucose. 

 Tartaric 
acid  

(g·l–1) 

Lactic 
acid 

(g·l–1) 

Malic 
acid 

(g·l–1) 

Citric 
acid 

(g·l–1) 

Reducing 
subst.
(%) 

Vinasse 1.77 0.077 0.893 0.168 5.5 
Rhodobacter 
sphaeroides 

1.578 
(10.8%) 

0.017 
(77.9%)

0.103 
(85.5%) 

0.146 
(13.1%)

1.3 
(76%) 

Clostridium 
butyricum 

1.7 
(4%) 

0.031 
(59.7%)

0.091 
(90.8%) 

0.16 
(4.8%) 

1.1 
(80%) 

Rhodobacter 
+Clostridium 

0.74 
(41.8%) 

0.004 
(94.8%)

0.017 
(98.1%) 

0.142 
(15.4%)

0.5 
(90.9%)

The experiment with a mixture of the two 
bacteria revealed co-operative assimilation of almost 
all components in the following sequence: malic 
acid >lactic acid > residual sugars > tartaric acid >  
> citric acid  

Taking into account the fact that Rhodobacter 
and Clostridium exist in nature as cooperative popu-
lation in various kinds of habitats both in water 
basins and in soil [11] we assumed the probability 
for them to participate simultaneously in the 
fermentation processes, utilizing the components of 
the substrates used and showing mutual tolerance. 
On the one hand, our studies showed that waste  
 

wine-vinasse was a suitable substrate for hydrogen 
production in the presence of both Rhodobacter 
sphaeroides and Clostridium butyricum, and on the 
other, organizing a fermentation process with the 
simultaneous participation of the two organisms, 
resulted in accelerated and increased hydrogen yield 
– 65.41 mmol/l vinasse in comparison with 
separated participation of Rhodobacter – 27,41 
mmol/l vinasse and Clostridium – 25.49 mmol/l 
vinasse, respectively. 

As it is known anoxygenic photosynthetic 
bacteria as Rhodobacter sphaeroides is photohetero-
tophs that can grow anaerobically utilizing sunlight 
and short chain organic acids as substrate. Photo-
synthetic bacteria utilizing the enzyme nitrogenase, 
which catalyze to conversion of molecular nitrogen 
to ammonia as well as evolution of hydrogen 
according to the Eqn. (1): 

N2 + 10H+ + 8e– → 2NH4
+ + H2  (1) 

In the absence of N2 gas the enzyme acts as 
ATP-depending hydrogenase and simply reduce 
protons to generate H2 [12]. 

On the other hand dark anaerobic fermentative 
bacteria like Clostridium butyricum utilize carbo-
hydrate substrate and H2 is one of the end products 
of their metabolism according to the Eqn. (2): 

Glucose + 2H2O → 4H2 +2CO2 + 2acetates   (2 ) 

Depending of bacterial species and organic 
nutrients the fermentation results in generation of 
small organic acids as malate, lactate, acetate etc. 
[13, 14] 

Based on analysis of the substrate components in 
our experiments, it may be assumed that they are not 
assimilated as a simple sum but, more probably, as a 
result of a cooperative process. Probably, Rhodo-
bacter sphaeroides assimilates small organic acids 
in the substrate-vinasse as well as the metabolite 
products of Clostridium butyricum. The consump-
tion of tartaric acid is of interest. Its assimilation by 
Clostridium butyricum is weak and that by Rhodo-
bacter sphaeroides, medium. In the simultaneous 
presence of the two bacteria, however, drastic 
exhaustion of this acid is observed. This maybe due 
to its transformation into a metabolite which is 
assimilated quickly. The results obtained also 
showed that both anaerobic fermentations runs 
together and the light does not disturbs C. butyricum 
fermentation.  

In an industrial scheme, the single hydrogen 
bioreactor with both bacteria can be placed in the 
same enterprise producing brandy and the illumi-
nation could be realized by sun. 
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CONCLUSION 

The main advantages of the present investigation 
are: 
• realization of a fermentation process yielding 
hydrogen with the use of the simultaneous effect of 
Rhodobacter sphaerolidis and Clostridium buty-
ricum on waste vinasse substrate in a single bio-
reactor, leading to a quick and enhanced hydrogen 
production as compared to processes with the two 
bacteria used separately; 
• simultaneous utilization of the substrate and the 
metabolite products by the microorganisms demon-
strated the mutual tolerance between them;  
• utilization of waste vinasse substrate for the 
production of hydrogen would be a significant 
ecological energy resource for wine processing 
enterprises.  
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УСКОРЯВАНЕ И ПОВИШАВАНЕ НА ПРОДУКЦИЯТА НА ВОДОРОД С ЕДНОВРЕМЕННА 
ФЕРМЕНТАЦИЯТА НА Clostridium butyricum И Rhodobacter Sphaeroides ВЪРХУ СУБСТРАТ  

ОТ ВИНЕНА ВИНАСА 

М. Кръстева1*, И. Лалов1, В. Бешков2 
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(Резюме) 

Ферментационен процес за получаване на водород беше организиран като резултат от едновременния ефект 
на Rhodobacter spaeroides  и Clostridium butyricum в единичен реактор с осветяване и използване на винена 
винаса като субстрат. Кинетиката на кооперативния процес показва бърза и повишена продукция на водород с 
добив от 65.41 mmol/l винаса със смесената култура, в сравнение с процесите, където бактериите се използват 
поотделно и показват добиви от 27.41 и 25.49 mmol/l винаса, съответно за Rhodobacter и Clostridium. 
Експериментът със сместа от двете бактерии, показва кооперативно асимилиране на почти всичките изследвани 
компоненти в следния ред: ябълчена киселина > млечна киселина > остатъчни захари > винена киселина > 
лимонена киселина. Използването на винаса като субстрат за продукция на водород би представлявало 
значителен екологичен енергиен ресурс за предприятията, които произвеждат винено бренди, заедно с 
оползотворяването на отпадъка винаса. 
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Honeycomb packing is a type of structured packing with very good hydrodynamic, heat and mass transfer 
characteristics. A thorough study on its gas-flow distribution ability is carried out and has also shown very good results. 
Results are obtained for the maldistribution factor above and below the packing layers of different height and packing 
elements of different size. Also, results for the maldistribution factor at different flow rates are reported. Basic packing 
characteristics are determined, for example for packing No 1 the uniformity limit is 0.15 and penetration depth is about 
0.4 m. For packing No 2 the uniformity limit is 0.13 and penetration depth is about 0.6 m.  

Key words: packed columns, honeycomb packing, gas flow maldistribution, maldistribution factor, uniformity limit, 
penetration depth. 

INTRODUCTION 

Honeycomb packing is a structured packing with 
very good hydrodynamic, heat and mass transfer 
characteristics [1]. The body of a single packing 
element contains seven vertical hexagonal channels 
arranged like in a honey comb. In the column body, 
the packing is arranged in horizontal rows placed 
one over the other in a manner that the holes of each 
layer do not coincide with the holes of the layer 
below. This structure does not permit significant 
radial spreading of the gas flow in horizontal 
direction. 

Previous studies on the gas flow velocity profile 
in such type of packing [2–4] have registered a good 
distribution. It is observed that in case of thicker 

layers, the gas flow velocity does not affect the flow 
maldistribution. 

It is interesting to study the flow maldistribution 
below and above the packing layer, which depends 
strongly on the type of gas inlet device. Determi-
nation of the uniformity limit and penetration depth 
for this type of packing is another task of this study. 

EXPERIMENTAL 

The experimental study of gas flow maldistri-
bution in a layer of honey-comb packing has been 
done in a column 0.47 m in diameter with three 
types of gas inlet devices (Fig. 1): straight inlet ID1 
(Fig. 1a), bevelled inlet ID2 (Fig. 1b) and bent-to-
bottom inlet ID3 (Fig. 1c).  

 

 
Fig. 1. Types of gas inlet devices (ID):   a - straight inlet ID1;   b - bevelled inlet ID2;   c - bent-to-bottom inlet ID3; 

d - side look. 
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Two packings have been studied. Their geometry 
parameters are rather similar and are given in pre-
vious publications [2, 4]. Packing No 1 has diameter 
of the circumference, inscribed in the packing hexa-
gonal, equal to 21 mm and the height of the packing 
element is 66 mm. For packing No 2 these values 
are respectively 27 and 61 mm. 

The packing elements have been arranged in 
rows over a supporting grid. It is mounted in the 
column lower part at 250 mm above the gas inlet 
upper end. The distance between the inlet and 
column bottom is 950 mm. Fig. 2 illustrates the 
arrangement of a packing row. The openings of 
every next row should not coincide with the 
openings of the row below. 

 
Fig. 2. Packed layer with blocks of ceramic honeycomb 

packing. 

The measurement of gas flow velocity over the 
layer has been done by two schemes, depending on 
the height of column section filled with packing. 
When the section has been entirely filled (packing 
height 0.8 or 1.6 m), the measuring probe (thermo-
anemometer) has been placed directly on every 
packing hole over the cross-section (Fig. 2), and the 
maximal velocity over the corresponding hole is 
registered. When the column section has been 
partially filled, the velocity has been measured 
along two perpendicular directions – parallel and 
perpendicular to the axis of the inlet gas device. 

The measured velocity profiles have been treated 
by the following equation in order to obtain the 
maldistribution factor Mf : 
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In case of direct measurement over each hole the 
measuring probe (thermoanemometer) has been 
placed in the center of the hole and the registered 
velocity is the maximum one – Wi = Wmax,i and W0 = 
Wmax,0.  

The velocity profile measurements below the 
packing layer have been made along two perpen-
dicular diameters. 

In parallel with velocity measurements, pressure 
drop of the packing layer has been measured with a 
sensitive differential manometer (precision 0.1 Pa). 

All measurements have been done at varying the 
mean superficial flow velocity in the range 1.0–2.5 
m/s. 

RESULTS AND DISCUSSION 

Fig. 3 represents the maldistribution factor above 
and below the layer for packing No 1 as depending 
on gas flow velocity. Some of the experimental data 
are given in [3]. The results are for two types of gas 
inlets (ID2 и ID3) and for packing height 0.26 m. 
Preliminary tests have shown that the non-unifor-
mity created by inlet devices ID1 and ID2 are rather 
similar. The inlet device ID3 has demonstrated most 
favourable qualities. It is seen that the flow distri-
bution in this case is significantly better even with 
such a small layer. This result is confirmed by our 
proper studies [2, 4, 5] and by these of other authors 
[6]. 

 
Fig. 3. Dependence of maldistribution factor on gas 

velocity in column below and over a layer height of 0.26 
m for honeycomb No 1 and two types of inlets – ID2 and 

ID3;   ● - below the packing and ID2;   ○ - over the 
packing and ID2;   ▼ - below the packing and ID3; 

∆ - over the packing and ID3. 
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An interesting result is obtained with much 
higher layer of the same packing (Fig. 4). Two facts 
can be seen: The maldistribution factor at great layer 
height (1.6 m) is independent on gas flow velocity. 
Also, there is not significant difference in the 
maldistribution before and after the layer. 

 
Fig. 4. Dependence of maldistribution factor on gas 

velocity in column below and under a layer height of  
1.6 m for honeycomb No 1 and inlet ID3: 

● - below the packing;   ○ - over the packing. 

Comparative studies on the maldistribution 
factor before and after the packing layer cannot be 
found in the literature. In all cases better flow distri-
bution is observed above the layer. More detailed 
studies should be done, but one can say in advance 
that a better performance is related to packing 
structure, to its distribution ability, and probably to 
its pressure drop. The latter has been measured and 
the results are given on Fig. 5. Generally, it is not 
high and rather similar for both packings (Honey-
comb No 1 and honeycomb No 2). 

 
Fig. 5. Pressure drop as depending of gas velocity for 

honeycomb No 1 and honeycomb No 2:   ● - honeycomb 
No 1 packing;   ○ - honeycomb No 2 packing. 

Analogous study on the maldistribution factor at 
different flow velocity has been carried out with 
packing honeycomb No 2 with gas inlet of type ID3 
(Fig. 1c) and packing height 0.8 m. The results are 
reported on Fig. 6. 

The evolution of maldistribution factor with the 
layer height is an important characteristic of the 
packing [5, 7]. Fig. 7 illustrates this dependence for 

packing Honey-comb No 1 at four different flow 
velocities (wo = 1.0, 1.5, 2.0 and 2.5 m/s). As it is 
seen, at lower packing height (H = 0.26 and 0.8 m), 
the maldistribution factor varies in some range, 
while at larger packing height (H = 1.2 and 1.6 m) 
the values of Mf are very similar. This result 
confirms a previous estimation [3] that for thicker 
layers the maldistribution factor does not depend on 
gas flow velocity. 

 
Fig. 6. Dependence of maldistribution factor on gas 

velocity in column below and under a layer height of  
0.8 m for Honey-comb No 2 and inlet ID3: 
● - below the packing;   ○ - over the packing. 

From Fig. 7 one can take information for pene-
tration depth and uniformity limit [4, 7] of the 
ceramic honey-comb packing. For packing No 1 it is 
0.4 and 0.15 correspondingly. Close to these values 
are the results for packing No 2 with uniformity 
limit 0.13 and penetration depth about 0.6 m.  

 
Fig. 7. Dependence of maldistribution factor on layer 

height of honeycomb No 1 packing ID3 gas inlet. 

CONCLUSION 

The structured ceramic packing honeycomb, 
besides its great hydrodynamic, heat and mass 
transfer characteristics, possess a very good distri-
bution for the gas flow. Although the packing struc-
ture (packing made of ceramic blocks with hexa-
gonal vertical holes) does not permit a radial gas 
spreading, the maldistribution factor Mf is suffi-
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ciently low. For example, for packing No 1, uni-
formity limit equal to 0.15 and penetration depth 
about 0.4 m have been experimentally determined. 
Close to these values are the parameters of packing 
No 2, for which the uniformity limit is equal to 0.13 
and penetration depth is about 0.6 m. 

Symbols 

ID   inlet device; 
H   height of a packing, m; 
Mf    maldistribution factor; 
n   number of measuring point; 
Wi   gas velocity in point i, m/s; 
Wo   gas flow superficial velocity, m/s; 
Wmaxi  maximum gas flow velocity in point i, m/s; 
Wmaxo  mean maximum velocity in given cross- 
          section, m/s. 
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НЕРАВНОМЕРНОСТ НА ГАЗОВОТО ТЕЧЕНИЕ В БЛОКОВ КЕРАМИЧЕН ПЪЛНЕЖ  
„ПЧЕЛНА ПИТА“ 

С. Даракчиев*, Р. Даракчиев 
Институт по инженерна химия, Българска академия на науките, ул. „Г. Бончев“ бл. 103, 1113 София 

Постъпила на 15 юни 2009 г.;   Преработена на 22 октомври 2009 г. 

(Резюме) 

Блоковият керамичен пълнеж “Пчелна пита” е подреден тип пълнеж с много добри хидродинамични и 
топло- и масообменни характеристики. Подробното изследване на разпределителната му способност на 
газовото течение също показва много добри резултати. Показани са резултатите от изследване на фактора на 
неравномерност под и над пълнежния слой за пълнежи с различни размери на блока пълнеж и с различни 
височини на слоя пълнеж. Интересни са резултатите за фактора на неравномерност при различни скорости на 
течението и за измервания под и над слоя пълнеж. Установени са основни характеристики на пълнежа, като 
лимит на равномерност, който за пълнеж № 1 е 0.15 и дълбочина на проникване, която е около 0.4 m. За пълнеж 
“Пчелна пита” № 2 лимитът на неравномерност e 0.13, а дълбочината на проникване е около 0.6 m. 
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Batch reactor performance improvement for hexavalent chromium reduction by scrap 
iron using reciprocating perforated disc 
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The aim of the present work is to improve the performance of a batch reactor used for the reduction of hexavalent 
chromium ions to trivalent ions by scrap iron shreds using reciprocating perforated disc. Many variables were 
investigated for its effect on the rate of reduction reaction such as frequency and amplitude of oscillation (vibration 
velocity), initial concentration of hexavalent chromium ions, phase ratio between the mass of solid scrap iron shreds and 
the volume of hexavalent chromium solution (m/v), and disc diameter. The results showed that the rate of hexavalent 
chromium ions reduction was increased by increasing the frequency and amplitude of oscillation (vibration velocity), 
increasing the phase ratio and increasing the disc diameter. On the other hand, the rate of reduction decreased by 
increasing the initial concentration of hexavalent chromium ions. It was found that the rate of mass transfer has 
increased by a factor ranging from 5 to 10 than the reduction without disc oscillation depending on vibration intensity of 
the disc oscillation. In addition mass transfer study of the process has revealed that the data fit the dimensionless 
equation Shm = 0.032 Rev

1.12.Sc0.33. The importance of using the above equation in the design and operation of high 
productivity reactor was pointed out. 

Key words: hexavalent chromium reduction, scrap iron, reciprocation, vibration, wastewater. 

INTRODUCTION 

Chromium is a common pollutant in the environ-
ment resulting from widespread industrial use such 
as, textile dying, tanneries, metallurgy, metal elec-
troplating, cooling towers and wood preserving. The 
toxicity of chromium depends on its oxidation state. 
Chromium(VI) such as CrO4

2− and Cr2O7
2−, is 

known to be toxic to humans, animals, plants and 
microorganisms ,whereas trivalent chromium is 
essential for humans and less toxic than hexavalent 
chromium and easily removed by simple preci-
pitation by lime as Cr(OH)3[1, 2]. Many techniques 
have been considered to reduce the content of 
chromium ion in waste water streams such as ion 
exchange and activated carbon adsorption [3–5], 
electrochemical techniques [6, 7] and chemical 
reduction using reducing agents such as SO2, FeSO4, 
etc. and precipitation method [8, 9]. Although ion 
exchange and activated carbon adsorption have been 
successfully demonstrated on the laboratory scale, 
they have not been employed to any significant 
degree in full-scale operation and are only suitable 
for low concentrations of chromium ion (less than 
100 ppm) [3–5]. On the other hand reduction of 
Cr(VI) to Cr(III) by different reducing agents such 
as NaHSO3, FeS, FeSO4, SO2, etc., followed by 
chemical precipitation of Cr(III) by lime as Cr(OH)3 

has received a great attention [10–13], and was 
found to operate effectively with higher rate and 
higher % recovery at pH values 2–3. These methods 
are controlled by the cost of the chemicals used and 
the dosage required of each one. Typically it was 
found that, the chemical dosage required for Cr(VI) 
reduction is twice the stoichiometric required [13, 
14]. With regard to cost considerations metallic Iron 
has received a great attention as a reducing agent for 
Cr(VI). In recent years, zerovalent iron was used for 
the in situ reduction of redox active metals from 
contaminated groundwater [15–18]. Previous invest-
tigators [19] have shown that Cr(VI) may be 
removed from solution via reduction to Cr(III) 
according to the following equations:  

2Cr2O7
2−(aq) +6Fe0(s) + 28H+(aq) →  

→ 4Cr3+(aq) + 6Fe2+(aq) + 14H2O         (1) 

Cr2O7
2−(aq) +6Fe2+(aq) + 14H+(aq) → 

→ 2Cr3+(aq) + 6Fe3+(aq) + 7H2O          (2) 

The net reaction for the reduction process can be 
written as: 

Cr2O7
2−(aq) + 2Fe0(s) + 14H+(aq) → 

→ 2Cr3+(aq) + 2Fe3+(aq) + 7H2O          (3) 

The reduction of Cr (VI) to Cr (III) using a 
relatively pure iron wire was investigated by Gould 
[20], who concluded that iron surface is effective in 
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reducing Cr (VI) to Cr (III) under pH conditions of 
2–3. Bowers et al. [21], have examined the use of 
scrap iron filings to treat Cr(VI) containing metal 
plating wastewaters and came to the conclusion that 
using iron filings to treat Cr(VI) containing 
solutions have the advantages that the chemical 
costs using scrap iron filings are substantially lower 
than conventional reducing agents such as SO2, 
NaHSO3, FeS, FeSO4, etc. also the dissolved iron 
provide a well conditioned sludge product. The 
indirect reduction of hexavalent chromium to tri-
valent chromium with scrap iron and simultaneous 
generation of electrical energy using a divided 
parallel plate cell and fixed bed electrodes was 
investigated by Abdo et al. [22], who came to the 
conclusion that this technique can reduce Cr(VI) to 
the permissible limit value effectively while it 
neither consumes energy nor expensive chemicals. 
Hou et al. [23], studied the effect of presence of 
different divalent cations on the reduction of hexa-
valent chromium by zerovalent iron and came to the 
conclusion that presence of copper ions and iron 
ions could improve the reduction process while 
calcium ions might inhibit the process.  

Previous investigations for the reduction of 
Cr(VI) to Cr(III) on iron surface proved that the 
reduction reaction is a diffusion controlled one [19, 
24]. From this point of view the rate of reaction can 
be increased using different techniques such 
solution circulation or agitation using mechanical 
tools. The aim of the present work is to implement 
mechanical vibration or reciprocation for enhancing 
the rate of reduction reaction. The application of 
vibrations, pulsation and or reciprocation has been 
recognized as effective process intensification 
techniques that enhances mass and heat transfer 
rates, and improves both process productivity and 
product quality [25–30]. Zaki et al. [31] suggested 
the possibility of using oscillating screen array as a 
catalytic reactor suitable for conducting liquid–solid 
diffusion controlled catalytic reactions such as 
removal of organic pollutants from industrial 
effluents by wet oxidation. In addition application of 
oscillatory motion in electrochemical processing has 
been of particular interest due to its ability to 
enhance mass transfer rate, current density and 
system energy utilization. Recently, it was shown 
that more than 20-fold increase in the mass transfer 
rate could be achieved by vibrating vertical elec-
trodes along their length [32]. Among its appli-
cations in that field are electrochemical processing, 
electroplating, metal recovery from bio-leaching 
solutions, and more recently manufacture of Printed 
Wiring Board [33–38]. In all of the above men-
tioned applications, generating of an oscillatory 

field at the solid–liquid interface is achieved by 
vibrating either the solid surface or the fluid sur-
rounding it. Although both approaches achieve the 
same objective, the former is more energy efficient 
since the energy dissipation there is mainly focused 
in the boundary layer adjacent to the solid–liquid 
interface rather than in the bulk of the fluid medium. 
When the power needed to vibrate the electrode was 
taken into consideration, Al Taweel et al. [38] found 
that both amplitude and frequency have almost 
equal effect on the enhancement obtained per unit 
power consumed.  

From the above it is clear that pulsation or 
vibration is a good tool for enhancing the rate of 
hexavalent reduction using scrap iron shreds. In 
addition scrap iron shreds will improve the economy 
of the process.  

EXPERIMENTAL 

Fig. 1 shows the experimental setup used in the 
present study. It consisted of the vibrating system 
and the reactor. The vibrating system consisted of a 
reciprocating perforated plastic disc with different 
diameters ranging from 6 to 12 cm, with constant 
perforations fixed at 0.25 cm in diameter and 
arranged in lines with constant spacing of 1 cm. The 
perforated disc was placed in a Plexiglas column of 
15 cm diameter and 30 cm height. The disc was held 
inside the column by insulated stainless steel stem 
of 3 mm diameter which penetrated the disc at its 
centre by means of epoxy coated steel nuts. The 
upper end of the stem was connected to the vibrator 
through a Teflon sleeve. Vertical oscillation was 
induced to the perforated disc by means of a 
mechanical vibrator connected to the upper end of 
the stem. The mechanical vibrator consisted of a 
disc rotated by means of an electrical motor. The 
rotating motion of the disc was transferred into a 
reciprocating motion by means of a crank shaft 
connected to the disc at a distance from its centre. 
The frequency of vibration was measured by means 
of a portable digital tachometer and changed by 
means of a set of pulleys and gear box connected to 
the electrical motor. The amplitude was adjusted by 
adjusting the distance between the rotating disc 
centre and the point of its connection with the crank 
shaft. The rate of hexavalent chromium reduction on 
scrap iron shaving surface was followed by 
measuring the change in concentration of hexavalent 
chromium ions solution with time. Before each run, 
scrap iron shavings were prepared with different 
mesh ranged from 10 to 50 and soaked in 0.1 N HCl 
for about 2 minutes to remove any rust or coats, 
then washed with distilled water, dried and placed in 
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the column, two litres of freshly prepared acidified 
potassium dichromate solution were placed in the 
column that have iron shavings. In the mean time 
the solution was subjected to oscillation at the 
required vibration intensity. Samples of the solution 
(5 ml) were withdrawn at regular time intervals 
ranged from 1.5 to 3 min at high and low vibration 
intensities respectively. These samples were titrated 
against standard 0.1 N ferrous ammonium sulphate 
using diphenylamine barium salt as indicator [39]. 
Different initial concentrations of potassium dichro-
mate solution were used in the present study 
namely, 0.025, 0.05, 0.075 and 0.1 M, all solutions 
contained 0.5 M H2SO4, and prepared using A.R. 
chemicals and distilled water. Experiments were 
carried out at room temperature which ranged from 
21–22ºC, while the pH of the solutions was adjusted 
at 2.5 in all experiments using a portable digital pH 
meter and 0.1 N NaOH solutions. The solution 
viscosity and solution density used in data corre-
lation were measured by an Ostwald viscometer and 
density bottle respectively. While diffusivity at 
different temperatures were calculated using Stokes-
Einstein equation (Dµ/T = constant), and the 
literature [40, 41]. 

Reciprocating 
perforated disc 

Cylindrical 
vessel 

Scrap iron 
shaving  

Solution level 

Vibration system

 
Fig. 1. Experimental setup. 

RESULTS AND DISCUSSION 

For the simple batch reactor used in the present 
work the mass transfer coefficient (K) can be 
calculated using the equation [42] 

Vs.lg((C0 – Ce)/(C –Ce)) = K.A.t      (4) 

Where Vs is the solution volume; C0, Ce and C 
are initial, equilibrium and concentration at any time 
t of dichromate solution, respectively; A is the active 
area of the scrap iron shreds; t is the time of 
reaction. The above equation is the integrated form 
of the material balance equation of the batch reactor, 
namely  

–Vs.d(C – Ce)/dt = K.A.(C – Ce)          (5) 

As the area of iron shavings is not defined and 
can not be easily determined so the volumetric mass 
transfer coefficient (K′ = KA) will be used for data 
analysis. K′ was obtained under different conditions 
by plotting ln((C0 – Ce)/(C – Ce)) vs. t as shown in 
Fig. 2 and then calculating the volumetric mass 
transfer coefficient from the slope of the resulting 
plot.  

 
Fig. 2. Ln((C0 – Ce)/(C – Ce)) vs time at different 

vibration velocity. 

Effect of amplitude and frequency of oscillation 
(vibration velocity) 

Figures 2, 3 and 4 show the effect of amplitude 
(Am), frequency (f) and vibration velocity VI (VI = 
4Am.f ) on the rate of reduction reaction and rate of 
mass transfer. The volumetric mass transfer coef-
ficient increased by increasing both amplitude and 
frequency or vibration intensity. The increase in the 
reduction rate may be attributed to the fact that 
increasing vibration intensity will increase turbu-
lences especially those of the small scale high 
frequency eddies, these eddies will reduce the 
thickness of the diffusion layer and hence increase 
the rate of mass transfer (K= D/δ) where D is the 
ions diffusivity and δ is the diffusion layer 
thickness. In addition increasing vibration velocity 
increases fluid circulations inside the column which 
fluidizes iron shreds and increases the contact area 
between the two phases and hence increases the rate 
of mass transfer.  

Figure 4, shows that the volumetric mass transfer 
coefficient can be related to the vibration intensity 
by the relation that: K′ = aVI + b. The value of a can 
be approximated to the value 0.033 with an average 
deviation of about 2%, while that of b its value 
ranges from 0.0658 to 0.6897 at amplitudes of 1cm 
and 4 cm respectively, which indicates that the volu-
metric mass transfer coefficient has been increased 
by a factor of 10.48 by increasing the amplitude 
from 1cm to 4cm.  
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Fig. 3. Volumetric mass transfer coefficient vs amplitude 

at different frequencies. 

 
Fig. 4. Volumetric mass transfer coefficient vs vibration 

velocity at different amplitudes. 

Effect of initial dichromate concentration 

Figure 5 shows that, the volumetric mass transfer 
coefficient decreased by increasing the initial con-
centration of dichromate solution [Cr(VI) concen-
tration]. This can be attributed to the passivation of 
iron surface and reduction in iron corrosion that 
stops the main reactions of the reduction process 
(reactions 1 and 2) [43]. In addition, the diffusivity 
of dichromate ions decreases with increasing its 
concentration thus decreasing the rate of reduction 
reaction (K = D/δ). From figure 5, it is obvious that 
the % increase in the rate of reduction for higher 
vibration velocity (58.2 cm/s) is approximately 8 
times the rate at the lower velocity (13 cm/s) both at 
the same amplitude, which confirm the enhancement 
effect of pulsation for improving the rate of 
reduction reaction to a good extent.  

Effect of phase ratio (solid/liquid) 

Figure 6, shows that the volumetric mass transfer 
coefficient increased by increasing phase ratio, 
which can be ascribed to the increased surface area 
available for the reduction reaction. In addition, 
passivation of iron surface decreases by increasing 
surface area of iron, thus the rate of reduction 
reaction increase.  

 
Fig. 5. Volumetric mass transfer coefficient vs vibration 
velocity at different initial dichromate concentrations. 

 
Fig. 6. Volumetric mass transfer coefficient vs vibration 

velocity at different phase ratio. 

Effect of perforated disc diameter 

Figure 7, shows that the volumetric mass transfer 
coefficient increased by increasing disc diameter, 
which can be attributed to the fact that increasing 
disc diameter will reduce the annular free area (axial 
flow area) between the disc and the column wall. 
Reducing flow area will certainly increase the axial 
flow velocity in the annular space and increase the 
jetting effect of solution flow through the disc 
perforations and hence increase eddies and 
turbulences inside the column that increases the rate 
of mass transfer and reduction rate of Cr (VI) ions. 

 
Fig. 7. Volumetric mass transfer coefficient vs vibration 

velocity at different disc diameter. 
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Overall correlation using dimensional analysis 

For the purpose of design consideration dimen-
sional analysis was used for correlating the main 
variables affecting the reduction operation. It was 
found that the data fits the general mass transfer 
equation that  

Sh = a Rev
α.Sc0.33              (6) 

The exponent of Sc was proved by other investi-
gators to be 0.33 [44], Where a and α are constants. 
As mentioned before the true area of mass transfer is 
not easy to be determined so the modified Sherwood 
number (Shm) will be used instead of Sh, where Shm 
= 4 K′/πdD, where d is the column diameter and D is 
the ions diffusivity. The exponent of vibrational 
Reynolds (constants α) was obtained by plotting 
logShm vs. logRev for different Sc as shown in 
Figure 8 and it was found to be about 1.12.  

 
Fig. 8. logShm vs. logRev at different Sc. 

The higher value of exponent α (1.12) confirms 
that the reaction is diffusion controlled one. In 
addition, this higher value compared to the 
theoretical value 0.5–0.57 [44] may be attributed to 
the enhancing effects of H2 evolution, which occurs 
simultaneously with chro-mate reduction at the 
shreds surface (observed visually) as a result of the 
reaction: 

Fe + 2H+ = Fe2+ + H2.   (7) 

The rising H2 bubbles collide with the surface of 
iron shreds and disturb the diffusion layer with a 
consequent increase in the mass transfer coefficient 
K (K = D/δ). 

As shown in Figure (9), Shm was drawn versus 
Rev

1.12.Sc0.33, for finding out the value of constant a. 
The overall correlation was found to fit the equation 
that: 

Shm = 0.032 Rev
1.12.Sc0.33    (8) 

This equation is valid in the range 1275> Sc >  
> 1020 and 7900> Rev > 1764. 

The deviation of data was found to be high as the 
value of R2 was found to be about 0.75 this higher 
deviation of data may be ascribed to the complex 
nature of the mass transfer mechanism over the iron 
shreds surface as a result of simultaneous H2 evolu-
tion with direct chromate reduction on the iron 
surface [24]. In the design consideration of pulsating 
or reciprocating system using iron shreds for the 
reduction of hexavalent chromium, experimental 
investigations, with the given correlation will be 
more reliable with the aid of the obtained results for 
each variable studied.  

 
Fig. 9. Overall correlation for hexavalent chromium 

reduction by scrap iron shreds using vibrating module. 

CONCLUSION 

The reduction kinetics of hexavalent chromium 
to trivalent chromium using a fixed bed of scrap 
iron shreds subjected to pulsation using recipro-
cating perforated disc was investigated under 
different conditions of amplitude and frequency 
(vibration intensity) of vibration, initial concen-
tration of a synthetic solution of acidified potassium 
dichromate, phase ratio(solid/liquid), and disc 
diameter. It was found that the mass transfer 
coefficient and the rate of reduction reaction 
increased by increasing frequency and amplitude of 
vibration (vibration intensity), disc diameter and 
phase ratio (solid/liquid) and decreasing by 
increasing the initial concentration of the acidified 
potassium dichromate solution. The results show 
that the volumetric mass transfer coefficient has 
increased by a factor ranging from 5 to 10 
depending on vibration intensity. For the rational 
design and operation of batch reactor using scrap 
iron shreds subjected to reciprocation and used for 
the reduction of hexavalent chromium from waste 
solutions the following mass transfer correlation 
was obtained Shm = 0.032 Rev

1.12.Sc0.33. 
This equation is valid in the range 1275 > Sc >  

> 1020 and 7900 > Rev > 1764. The deviation of 
data was found to be high as the value of R2 was 
found to be about 0.75 this higher deviation of data 
may be ascribed to the complex nature of the mass 
transfer mechanism over the iron shreds surface as a 
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result of simultaneous H2 evolution with direct 
chromate reduction on the iron surface. 

This system is suitable for treating higher dis-
charge rates of industrial wastewater polluted with 
the toxic hexavalent chromium ions with lower cost. 

List of symbols and nomenclatures 

A  active area of iron shreds (cm2); 
Am  the amplitude of oscillation (cm); 
Co, Ce, and C  are initial, equilibrium and  
         concentration at any time of dichromate  
         solution (M); 
d  disc diameter (cm) 
D  diffusivity of dichromate ions (cm2/s); 
F  frequency of oscillation (s–1); 
K  mass transfer coefficient (cm/s); 
K′  volumetric mass transfer coefficient (cm3/s); 
t  time (s); 
Vs  solution volume (cm3); 
Sc  Schmidt number (µ/ρD);  
Sh  Sherwood number (Kd/D); 
Shm  modified Sherwood number (4K\/πDd); 
Rev  vibrational Reynolds number (ρVI d/ µ); 
µ  solution viscosity (g/cm.s); 
ρ  solution density ( g/cm3); 
δ   diffusion layer thickness (cm). 
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ПОДОБРЯВАНЕ НА ДЕЙСТВИЕТО НА РЕАКТОР С ПЕРИОДИЧНО ДЕЙСТВИЕ  
ЗА РЕДУКЦИЯ НА ШЕСТВАЛЕНТЕН ХРОМ ЧРЕЗ ЖЕЛЕЗЕН СКРАП  

С ИЗПОЛЗВАНЕ НА ВЪЗВРАТНО-ПОСТЪПАТЕЛЕН ПЕРФОРИРАН ДИСК 

А. Х. Елшазли 
Департамен по инженерна химия, Университет на Александрия, Египет 

Постъпила на 15 юни 2009 г.;   Преработена на 22 октомври 2009 г. 

(Резюме) 

Целта на настоящата работа е подобряване на действието на реактор с периодично действие за редукция на 
шествалентни хромни йони до тривалентни йони чрез късове от железен скрап с използване на възвратно-
постъпателен перфориран диск. Изследвани са много променливи за ефекта върху скоростта на реакцията на 
редукция като: честота и амплитуда на осцилациите, начална концентрация, на шествалентните хромни йони, 
фазово съотношение на масата на късовете от железен скрап и обема на разтвора на шествалентните хромни 
йони (m/v) и диаметъра на диска. Резултатите показват, че скоростта на редукция на шествалентните хромни 
йони расте с увеличаване на честотата и амплитудата на осцилациите (скоростта на вибриране), увеличаване на 
фазовото съотношение, и увеличаване на диаметъра на диска. От друга страна, скоростта на редукция намалява 
с увеличаване на началната концентрация на шествалентни хромни йони. Намерено е, че скоростта на 
масопренасяне при вибрации на диска се увеличава 5–10 пъти в сравнение с редукция с без осцилации на диска. 
В допълнение, изследването на процеса на масопренасяне показа, че данните съответстват на безизмерно 
уравнение Shm = 0.032 Rev

1.12.Sc0.33. Показано е значението на посоченото уравнение за проектирането и 
действието на реактор с висока производителност. 
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Oxygen free radicals and lipid peroxides play an important role in increasing the risk factors for many chronic 
diseases and are also responsible for the deterioration of food products. The objective of this investigation was to 
evaluate the potentials of some extracts from chili and pepper to scavenge free radicals in vitro model systems such as: 
1,1-diphenyl-2-picryl-hydrazyl (DPPH), N,N-dimethyl-p-phenylenediamine dihydrochloride (DMPD), 2,2-azino-bis-3-
ethyl benzthiazoline-6-sulphonic acid (ABTS), ferric cyanide reducing antioxidant power (FRAP), cuprum total 
antioxidant capacity (CUPRAC) assays and to exhibit antioxidant activities on the lipid peroxidation in rat liver 
homogenate. Alcohol extracts and oleoresins of chili and pepper showed significant radical scavenging activities and 
antioxidant potential in all the systems tested. These results can be exploited in preserving processed foods and at the 
same time get the benefits of medicinal properties of these spices. 

Key words: Chili, pepper, oleoresin, radical scavengers, antioxidants, in vitro model systems  

INTRODUCTION 

Antioxidants can protect the human body from 
damages caused by free radicals mediated lipid 
peroxidation and deleterious effects of reactive 
oxygen species. They retard the progress of many 
chronic diseases [1]. Antioxidant compounds can 
scavenge free radicals and increase shelf life of food 
products by retarding the process of lipid peroxi-
dation, which is one of the major reasons for dete-
rioration of food products [2]. Normally synthetic 
antioxidants such as butylated hydroxyanisole (BHA) 
or butylated hydroxytoluene (BHT) are used for 
preservation of processed foods. But indiscriminate 
use of these synthetic antioxidants can lead to tumor 
formation and liver damage as has been shown in 
experimental animals. Hence, a need for identifying 
alternative and safe source of antioxidants for use in 
food products has been advocated and the search for 
natural antioxidants especially of plant origin has 
notably increased in recent years [3]. 

Spices are dietary constituents used to enhance 
the flavor and taste of food. Many of them have 
been identified to possess potential chemo preventive 
action. Chili is one of the important spices used in 
varieties of Indian dishes for imparting color, flavor 
and pungency to the food. The traditional use of 
whole ground chilies in food and beverage indus-

tries is now very limited. Now a days, the use of 
value added chili products such as oleoresin, essen-
tial oil, capsaicin, capsanthin have gained importance 
in the global market as compared to use of whole or 
ground chili. The export of these products is 
increasing considerably every year from India. 

Chilies contain Vitamin A, Vitamin C and cap-
saicin which are good antioxidants and antiinflam-
matory agents, which can also boost immune system. 
Antioxidants present in the chili are good free 
radical scavengers [4]. Chilies also act as detoxifier 
by removing the waste products from our body and 
increase the blood supply to the tissues. Chilies 
stimulate the release of endorphins that are natural 
pain killers. It has been noted that the Vitamin C, β-
carotene and folic acid found in chili reduces the 
risk of colon cancer [5]. Vitamin A present in chili 
reduces the inflammation of lungs and emphysema 
resulting from cigarette smoking. Chilies enhance 
blood flow to the site of infection which helps in 
fighting infection. 

Pepper is an important spice appreciated for both 
its aroma and pungency. It is valued for its distinct 
biting quality which is attributed to piperine and its 
isomers. Black pepper is used not only in diets as an 
adjunct but also for medicinal purposes and as a 
preservative. The pepper extract was also shown to 
enhance the bioavailability of a number of thera-
peutic drugs as well as phytochemicals [6].  
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It is reported that black pepper has digestive 
stimulating activity. It improves appetite, cures cold, 
cough, diseases of the throat, intermittent fever, 
colic dysentery, worms and piles. As with many 
spices, it also possesses a broad spectrum of anti-
microbial activity, analgesic, antipyretic and anti-
inflammatory actions. It enhances the secretion of 
saliva and the activity of salivary amylase. The 
digestive stimulant action of spices is probably 
mediated through stimulating the liver to produce 
and secrete bile acids, which play a very important 
role in fat digestion and absorption [6, 7].  

The pepper oleoresin containing the essential oil 
contributes to aroma. The oleoresins have many 
advantages such as convenience of handling and are 
free from microbial contamination. It also provides 
convenience for the preparation of processed foods. 
Unlike the essential oils, oleoresin of spices contains 
many natural antioxidants which make them more 
stable.  

Chipault et al. [8] made a systematic study on 
antioxidant activity of some common spices and 
herbs. Since then a large number of studies exa-
mined the effect of plant extracts on lipid oxidative 
stability in order to find new sources of natural 
antioxidants [9]. India is one of the largest produ-
cers of spices in the world. Though they are mainly 
utilized for food, herbal medicine and flavorings, 
chili and pepper extracts can also be used as a food 
preservative (especially for preventing rancidity 
development in oils) [10]. With this background, the 
extracts of chili, pepper were studied for their 
antiradical and antioxidant activities and the results 
are reported in this paper. 

MATERIALS AND METHODS 

Chemicals 

Tertiary butylated hydroxyquinone (TBHQ), 
butylated hydroxytoluene (BHT), butylated hydroxy-
anisole (BHA), gallic acid, N,N-dimethyl-p-phenyl-
enediamine dihydrochloride (DMPD), 2,2-azino-
bis-3-ethyl benzthiazoline-6 sulphonic acid (ABTS), 
1,1-diphenyl-2-picryl hydrazyl radical (DPPH), neo-
cuproine, cupric chloride and adenosine diphosphate 
(ADP) were obtained from Sigma (Moline, USA). 
Ascorbic acid, AlCl3, ferrous sulphate (Fe2SO4), tri-
chloroacetic acid, ammonium acetate was purchased 
from Sisco Research Laboratories, Mumbai, India. 
All other chemicals used were of analytical grade.  

Plant materials and extraction procedures 

Chili (Byadagi variety) and pepper (local variety) 
were procured from the local market of Mysore city. 
The cleaned spices were dried at 40°C in a labo-

ratory oven and then ground into a fine powder. The 
powder was extracted by using methanol as extract-
ing solvent. Eight extractions with 3 volumes of the 
solvent for 4 h duration were carried out with either 
methanol or ethanol at room temperature (25°C). 
The extracts were pooled, desolventized and then 
dried in a dessicator overnight. Oleoresins of chili 
and pepper were prepared by methylene chloride 
extraction [11]. These extracts were used for 
antiradical and antioxidant assays. 10 mg of extracts 
were dissolved in 10 mL of methanol. Various con-
centrations of these extracts were used for evalua-
ting antioxidant potentials by DPPH assay, DMPD 
assay, ABTS assay, reducing power assay, CUPRAC 
assay and by inhibition of ascorbic acid induced 
lipid peroxidation in rat liver homogenates.  

Radical scavenging activity 

Measurement of the radical scavenging activity 
by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) test. The 
DPPH radical scavenging activity was measured as 
described by Gulcin [12]. Briefly, 0.1 mM solution 
of DPPH radical was prepared in methanol. 0.5 mL 
of this solution was added to different concentra-
tions of chili extracts or chili oleoresin or pepper 
extracts or pepper oleoresin in methanol as prepared 
above at different concentrations (100–2000 µg/mL). 
Final volume of reaction mixture was made up to 2 
mL in methanol. These were mixed thoroughly and 
incubated in dark for 30 min. The absorbance was 
measured at 517 nm against appropriate blank 
samples: 

DPPH remaining = (1 – Abs0/Abst)×100,    (%) 

where Abs0 is the absorbance of the control and Abst 
is the absorbance in the presence of test compounds. 

Measurement of radical scavenging activity by 
N,N-dimethyl-P-phenylenediamine dihydrochloride 
(DMPD) method. DMPD radical scavenging activity 
of chili and pepper extracts and their oleoresins was 
performed according to Fogliano et al. [13]. Standard 
DMPD (100 mM) was prepared by dissolving 209 
mg of DMPD in 10 ml of deionized water. 1 ml of 
this solution was added to 100 ml of 0.1 M acetate 
buffer (pH 5.25), the coloured radical cation 
(DMPD•+) was obtained by adding 0.2 mL of ferric 
chloride (0.2%) and absorbance at 505 nm was 
measured. Freshly prepared solutions were used for 
each experiment. Different concentrations of anti-
oxidants (100–2500 µg/mL) were added to test 
tubes and the total volume was made up to 0.5 ml 
with distilled water. One ml of DMPD•+ solution 
was directly added to the reaction mixture. Ten 
minutes later, the absorbance was measured at 505 
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nm. The scavenging activity was calculated using 
the following equation:  

DMPD remaining = (1 – Abs0/Abst)×100,    (%) 

where Abs0 is the absorbance of initial concentration 
of the DMPD•+ and Abst is the absorbance of 
DMPD•+ in presence of test materials. 

2,2-Azino-bis-3-ethyl benzthiazoline-6-sulphonic 
acid (ABTS) radical cation decolourization assay. 
ABTS forms a relatively stable free radical, which 
decolorizes in its non radical form. The ABTS•+ 
radical remaining was determined according to the 
method of Ree et al. (31). The ABTS•+ was produced 
by reacting 2 mM ABTS in H2O with 2.45 mM 
potassium persulphate (K2S2O8), kept in the dark at 
room temperature for 4 hr. The ABTS•+ was diluted 
with ethanol to give an absorbance of 0.750 ± 0.025 
at 734 nm. 1 ml of ABTS•+ solution was added to 10 
µl of chili and pepper extracts in ethanol at different 
concentrations (40–600 µg/mL). The absorbance was 
recorded after 30 min and the percentage of radical 
remaining was calculated. The extent of decolouri-
zation is calculated as percentage reduction of 
absorbance: 

ABTS remaining = (1 – Abs0/Abst)×100,     (%) 

where Abs0 is the absorbance of a control without 
any radical scavenger and Abst is the absorbance of 
the ABTS•+ remaining in the presence of the anti-
radical scavenger. 

Estimation of antioxidant activity 

Ferric cyanide (Fe3+) reducing antioxidant power 
assay. The reductive potential of extracts was deter-
mined according to the method of Benzie and Strain 
[14]. Different concentrations of extracts (100–2100 
µg/mL) in 1 mL of distilled water was mixed with 
2.5 mL of 0.2 M sodium phosphate buffer, pH 6.6 
and potassium ferricyanide [K3Fe(CN)6] (2.5 mL, 
1%). The mixture was incubated at 50°C for 20 min. 
Then the reaction was terminated by adding 2.5 mL 
of trichloroacetic acid (10%). The upper layer of 
solution (2.5 mL) was mixed with distilled water 
(2.5 mL) and FeCl3 (0.5 mL, 0.1%) and the absorb-
ance was measured at 700 nm in a spectrophoto-
meter against a blank sample. Reductive potential 
was measured with increase in absorbance when 
extract was added. 

Lipid peroxidation by TBARS assay. Liver homo-
genates in 150 mmol/L KCl, 25 mmol/L, Tris HCl 
buffer pH 7.5, 2 mmol/L ADP, 10 µmol/L Fe2SO4 
were incubated at 37°C for 5min. The final volume 
of the reaction mixture was made up to 1 mL with 
Tris HCl buffer. The reaction was initiated by 

adding 25 µL of ascorbic acid (100 mM). The tubes 
were incubated for 30 min at 37°C and the reactions 
were terminated by adding 2 mL of thiobarbituric 
acid. The tubes were heated in boiling water bath for 
60 min. The malondialdehyde (MDA) formed was 
measured at 535 nm and quantitated using an extinc-
tion coefficient of 1.56×10–5 M–1·cm–1. The inhibi-
tion of lipid peroxidation in the presence of extracts 
was calculated according to Miller and Aust [15].  

CUPRAC total antioxidant capacity assay. 1 ml 
of CuCl2 (1.0×10–2 M), 1 mL of neocuproine alcohol 
solution (7.5×10–3 M) and 1 mL of ammonium 
acetate buffer solution (0.1 M, pH = 7) was added 
and mixed thoroughly followed by addition of extract 
at concentrations ranging from 100 µg to 1000 µg. 
To this deionized water was added to give a total 
volume of 4.1 mL and mixed well. After 30 min, the 
absorbance was read at 450 nm against a reagent 
blank. The antioxidant activity is expressed as 
mmoles of Trolox equivalent/mg of extract [16]. 

RESULTS 

Effect of radical scavengers from chili and pepper 
extracts in model systems 

DPPH radical scavenging activity. DPPH is 
usually used to evaluate the free radical scavenging 
activity of antioxidants. It is a stable free radical and 
accepts an electron or hydrogen radical to become a 
stable diamagnetic molecule. Figure 1 illustrates a 
decrease in the concentration of DPPH radical 
(column 1) due to the scavenging ability of chili and 
pepper extracts. This is compared with the effect-
iveness of synthetic antioxidants such as TBHQ and 
BHT to scavenge the radical. The free radical sca-
venging effect of extracts and standards are in the 
order of TBHQ > BHT > Chili oleoresin > Pepper 
oleoresin > Chili extracts > Pepper extracts. The 
effective concentration required to scavenge 50% 
radical (EC50) were 6.8, 40, 800, 550, 900 and 750 
µg for TBHQ, BHT, extracts of chili, chili oleo-
resins, pepper extracts and pepper oleoresins, 
respectively (Table 1). These studies indicated that 
oleoresins showed better radical scavenging activity 
compared to methanol extracts of spices. 

DMPD radical scavenging activity. Spice extracts 
showed DMPD•+ radical scavenging activity in a 
concentration dependent manner (Figure 1, column 
2). However, BHT and TBHQ showed better radical 
scavenging activity. EC50 value for chili extracts, 
pepper extracts, chili oleoresin and pepper oleoresin 
were 750, 500, 900 and 730 µg respectively (Table 
2). The EC50 values with TBHQ and BHT were 8 µg 
and 35 µg respectively. These trends are similar to 
that observed with DPPH system. 
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Fig. 1. Radical scavenging activity of spice extracts, BHT and TBHQ measured with DPPH, DMPD, ABTS and TRP 
(FRAP) assay as indicated in the methods. 
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ABTS radical cation decolourization assay. The 
extracts of chili and pepper and oleoresins of chili 
and pepper exhibited effective cation radical sca-
venging activity [17]. The EC50 value for radical 
scavenging activity in the system were 2, 15, 210, 
130, 330 and 270 µg for TBHQ, BHT, methanol 
extracts of chili, chili oleoresin, methanol extracts of 
pepper and pepper oleoresin respectively (see Figure 
1, column 3 and Table 3). These studies indicated 
that oleoresins showed better radical scavenging 
activity compared to methanol extracts of spices. 
Table 1. Antiradical activity of spice extracts in DPPH 
assay system. 

Additions EC50   (µg) 
TBHQ 6.8 ±0.4 
BHT 40 ±2 

Chili extracts 800 ± 6 
Chili oleoresin 550 ± 4 
Pepper extracts 900 ± 5 

Pepper oleoresin 750 ± 3 
Values are mean ± SD,  n = 4;   DPPH – Diphenyl picryl hydrazyl;   
BHT – Butylated hydroxy toluene;   TBHQ – Tertiary butylated 
hydroxy quinone. 

Table 2. Antiradical activity of spice extracts in DMPD 
assay system. 

Additions EC50   (µg) 

TBHQ 8.0 ± 0.2 
BHT 35.0 ± 1.3 

Chili extracts 750 ± 4 
Chili oleoresin 500 ± 5 
Pepper extracts 900 ± 4 

Pepper oleoresin 730 ± 6 
Values are mean ± SD,  n = 4. 

Table 3. Antiradical activity of spice extracts in ABTS 
assay system. 

Additions EC50   (µg) 

TBHQ 2.0 ± 0.4 
BHT 15.0 ± 0.2 

Chili extracts 210 ± 2 
Chili oleoresin 130 ± 1 
Pepper extracts 330 ± 4 

Pepper oleoresin 270 ± 5 
Values are mean ± SD, n = 4. 

Antioxidant activity  
Reducing power assay using the potassium ferric 

cyanide reduction method. Figure 1 (column 4) 
shows the reducing power of the spice extracts and 
standards (TBHQ and BHT) in potassium ferric 
cyanide reduction method. The reducing power of 
extracts and standards increased with growing con-
centration of samples. Reducing power of extracts 
and standards were of the order: TBHQ > BHT > 
Chili oleoresin > Chili extracts > Pepper oleoresin > 
Pepper extracts when reducing power at equal 
concentrations of extracts were compared.  

Inhibition of liver lipid peroxidation by spice 
extracts. Addition of TBHQ and BHT inhibited lipid 
peroxidation in rat liver homogenates (Table 4). The 
inhibition with TBHQ and BHT was 75 and 94% at 
100 µg. With chili extracts, chili oleoresin, pepper 
extracts and pepper oleoresin the inhibition observed 
at 0.1% was 36, 41, 39 and 44%, respectively. At 
1%, the maximum inhibition observed was 46, 55, 
42 and 58%, respectively (Figure 2 and Table 4). 
Table 4. Inhibition of the lipid peroxidation by spice 
extracts. 

Additions Concentration   (µg) Inhibition   (%)

Chili extracts 100 36 
 1000 46 

Chili oleoresin 100 41 
 1000 55 

Pepper extracts 100 39 
 1000 42 

Pepper oleoresin 100 44 
 1000 58 

BHT  0.13 75 
TBHQ 0.012 94 

Control value in the absence of inhibitors: 19.41  ± 2.43  nmoles 
MDA/mg protein. 

Total antioxidant capacity by CUPRAC method. 
The CUPRAC antioxidant capacities of extracts 
were measured as Trolox equivalents. Trolox equi-
valent capacity obtained of chili extracts, chili oleo-
resin, pepper extracts and pepper oleoresin were 
160, 213, 110 and 181 µg, respectively (Table 5). 
Table 5. Total antioxidant activity of spice extracts by 
CUPRAC assay system. 

Additions µg of Trolox equivalents/mg of extract 

Chili extracts 160 ± 2 
Chili oleoresin 213 ± 2 
Pepper extracts 120 ± 1  

Pepper oleoresin 181 ± 2 
Values are mean ± SD, n = 4. 

DISCUSSION 

The objective of the investigation was to eva-
luate the potentials of extracts from chili and pepper 
to scavenge free radicals and exhibit antioxidant 
activities which can be exploited in preserving pro-
cessed foods or to prevent the rancidity of oils and 
at the same time get the benefits of medicinal 
properties of these spices. These spices are routinely 
used in Asian diets as food adjuncts. The medicinal 
values of these spices are known for many decades 
from traditional knowledge and by its use in Ayur-
vedic system of medicine [18]. Many studies in the 
recent past have also shown the action of these 
spices and their active principles in beneficially 
influencing physiological processes as well as con-
trolling disease process. 
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One of the most thoroughly studied active com-
ponents of chilis is capsaicin, which is the pungent 
component of chili. Capsaicin and dihydrocapsaicin 
inhibit iron mediated lipid peroxidation. It also inhi-
bited copper induced oxidation of low density lipo-
protein [19]. This effect is perceived to be mediated 
by its ability to form complexes with reduced metals 
and act as hydrogen donors [20].  

Capsaicin reduced the generation of reactive 
oxygen species in activated macrophages and exhi-
bited antiinflammatory effects [21]. It also aug-
mented antioxidant systems by enhancing the acti-
vities of enzyme such as superoxide dismutase, cata-
lase and glutathione peroxidase. Capsaicin was found 
to inhibit the growth of Helicobacter Pylori. It inhi-
bited the release of gastrin by stimulating somato-
statin. Dairam et al. [20] have examined the anti-
oxidant, metal chelating properties and inhibitory 
effect on oxidative stress by capsaicin in rat brain 
homogenates. The neuroprotective effects of cap-
saicin through antioxidant and iron-binding proper-
ties of capsaicin was reported in this study. Thus, 
chilies and its bioactive components have beneficial 
effect in nullifying the potential damage caused by 
reactive oxygen species. 

Pepper extracts contain piperine and other bio-
active compounds [6]. Piperine has been demon-
strated to give protection against oxidative damage 
by quenching free radicals, reactive oxygen species 
and inhibiting lipid peroxidation [22]. Reddy and 
Lokesh [23] have reported that piperine had inhi-
bitory effects on ascorbate Fe2+ induced lipid per-
oxidation in rat liver microsomes at concentrations 
of 600 µM and above. 

Piperine is shown to provide protection to human 
low density lipoprotein from copper induced lipid 
peroxidation [24]. The aqueous extract of black 
pepper as well as piperine have been examined for 
their effect on human 5-lipoxygenase, the key 
enzymes involved in biosynthesis of leukotrienes 
[25]. The formation of 5-hydroxyeicosatetraenoic 
acid was significantly inhibited in a concentration 
dependent manner with IC50 values of 0.13 mg for 
aqueous extracts of pepper and 60 µM for piperine. 
Thus, piperine in black pepper might exhibit anti-
oxidant activity by modulating 5-lipoxygenase 
pathway. 

Selvendiran and Senthilnathan [26] have invest-
tigated the effect of piperine on mitochondrial anti-
oxidant system and lipid peroxidation in benzo-
(α)pyrene induced lung carcinogenesis. Oral supple-
mentation of piperine (50 mg/kg body weight) effect-
ively suppressed lung carcinogenesis and decreased 
extent of mitochondrial lipid peroxidation with con-
comitant increase in the activities of enzymatic and 

non enzymatic antioxidant levels. This suggests that 
piperine may exhibit its chemo preventive effect by 
modulating lipid peroxidation and augmenting anti-
oxidant defense system. 

Vijayakumar et al. [27] have examined the effect 
of supplementing black pepper or piperine on tissue 
lipid peroxidation, enzymatic and non-enzymatic 
antioxidants in rats fed a high fat diet. They 
observed that black pepper extract and piperine can 
reduce high fat diet induced oxidative stress. Signi-
ficantly elevated levels of thiobarbituric acid reactive 
substances, conjugated dienes and lowered activities 
of superoxide dismutase, catalase, glutathione per-
oxidase, glutathione-s-transferase, reduced gluta-
thione was observed in the liver, heart, kidney, 
intestine and aorta of rats fed high fat diet. Supple-
mentation of diet with black pepper or piperine 
lowered lipid peroxidation and elevated antioxidant 
enzyme levels to that observed with control rats. 

The effect of alcohol extract of piper longum and 
piperine was studied for immunomodulatory and 
antitumour activity [28]. The administration of 
extract (10 mg/animal) or piperine (1.14 mg/animal) 
inhibited solid tumor development in mice injected 
with Daltons lymphoma ascites cells. Pepper extracts 
also increased the survival of mice bearing Ehrlich 
ascites tumor cells [29].  

Because of such varied effects of black pepper 
and its extracts, it has been used in Indian Ayur-
vedic system of medicine, folklore medicine of Latin 
America and West Indies its treatment of asthma, 
bronchitis, fever, arthritis and gastrointestinal dis-
orders.  

The spices and their active principles were found 
to be safe for consumption even at high doses. Black 
pepper, its oleoresin or its active principle piperine, 
fed to rats at doses 5–20 times normal intake levels 
in humans did not cause any adverse effect on 
growth, food efficiency ratio, organ weights, blood 
cell counts and blood constituents like hemoglobin, 
total serum proteins, albumin, globulin, glucose, 
cholesterol, activities of serum amino transferases 
and phosphatases, fat and nitrogen balance [30]. 

The antiradical and antioxidants from spices such 
as chili and pepper thus play a vital role in removing 
damaging free radicals and there by promote health 
and reduce risk factors for chronic diseases. Our 
unpublished results also indicated that there is a 
strong correlation between antioxidant activity of 
spice extracts and the total phenol content of these 
extracts. We have thus demonstrated the efficacy of 
spice extracts as radical scavengers in a number of 
in vitro models. Spice extracts being nontoxic and 
by its ability to stabilize the oils can be a useful 
alternative to synthetic antioxidant in oil and food 
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preservation, which is the objective of our next 
paper. 

CONCLUSIONS 

Comparable analysis based on the different in 
vitro assay systems: DPPH• and DMPD•+ radical 
scavenging assays, CUPRAC and ABTS decolouri-
zation assays, ferric reducing power assay demon-
strated that alcohol extracts and oleoresins of chili 
and pepper have significant radical scavenging 
activities and antioxidant potential in all the systems 
tested. Their effects were compared with the refer-
ence antioxidants such as TBHQ, BHA and BHT. 
These studies indicated that chili and pepper extracts 
can be used for the medicinal properties as well as 
for food preservations by virtue of their ability to 
remove dangerous oxygen free radicals. 
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ОЦЕНКА НА АНТИРАДИКАЛОВИТЕ И АНТИОКСИДАНТНИ СВОЙСТВА НА ЕКСТРАКТИ  
ОТ ИНДИЙСКО ЧЕРВЕНО ЧИЛИ И ЧЕРЕН ПИПЕР ЧРЕЗ „ИН ВИТРО“ МОДЕЛИ 
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 по хранителни технологии, Майсур 570020, Индия 
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Постъпила на 31 юли 2009 г. 

(Резюме) 

Кислород съдържащите свободни радикали и липидните пероксиди играят важна роля в увеличаване на 
рисковите фактори за много хронични заболявания и са също така отговорни за влошаване на качеството на 
хранителните продукти. Целта на това проучване бе да оцени потенциала на екстракти от червено чили и черен 
пипер да улавят свободни радикали в ин витро моделни системи като: 1,1-дифенил-2-пикрил-хидразил (DPPH), 
N,N-диметил-р-фенилендиамин дихидрохлорид (DMPD), 2,2-азино-бис-3-етилбензтиазолин-6-сулфонова 
киселина (ABTS), ферицианиден антиоксидантен потенциал (FRAP), тотален антиоксидантен капацитет 
(CUPRAC) методи и да покаже антиоксидантните активности спрямо липидното перокисление. Алкохолните 
екстракти и олеорезиновите проби на червено чили и черен пипер показаха значителни активности като 
уловители на свободни радикали и антиоксидантна активност във всички тествани системи. Тези резултати 
могат да бъдат използвани за предпазване на храни при преработката им и в същото време показват 
предимствата на лечебните свойства на тези подправки. 
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Investigation of hydrogen storage properties of magnesium based composites with 
addition of activated carbon derived from apricot stones 
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Hydrogen absorption/desorption characteristics of the 95% Mg-5% activated carbon derived from apricot stones 
(ACA), 90% Mg-10% ACA and 85%-15% ACA, prepared by ball milling under argon, are studied. Hydriding process 
is proceeded at T = 573 K and 473 K and P = 1 MPa and dehydriding at T = 623 K and P = 0.15 MPa. The highest 
hydrogen absorption capacity of 6.13% is reached by the 95% Mg-5% ACA at 573 K and 1 MPa. The 90% Mg-10% 
ACA and 85% Mg-15% ACA reached 5.36% and 5.21% hydrogen absorption capacity, respectively. The absorption 
curves at T = 573 K and P = 1 MPa for the composites with 10 and 15% ACA are very similar. The threefold increase 
of the quantity of the activated carbon in magnesium does not affect substantially the desorption kinetics of the 
composites.  

Key words: hydrogen storage; magnesium-based composites; ball milling; hydriding-dehydriding kinetics.  

INTRODUCTION 

Magnesium and magnesium-based compounds 
are promising candidate materials for hydrogen 
storage. Unfortunately magnesium requires prelimi-
nary activation, it is hard to attend its high theore-
tical hydrogen storage capacity (7.6%) and in addi-
tion it posses slow hydrogen sorption kinetics. A lot 
of investigations were performed in order to im-
prove the hydriding-dehydriding kinetics of magne-
sium by preparing composites on its base applying 
the method of high-energy ball milling and con-
taining different additives. Various substances have 
been used as additives to magnesium composites 
obtained by ball milling. For example, some tran-
sition metals [1–4], intermetallic compounds [5–9], 
oxides [10–14] and some carbon containing com-
pounds as graphite [15–24], carbon black [15, 20], 
carbon nanotubes [15, 19, 20] and SiC [25]. 
Depending of the nature of the additive, which has 
been added to magnesium, their catalytic effect on 
hydriding and dehydriding processes may differ. In 
some cases, as in addition of carbon containing 
compounds to magnesium, the role is complex and 
not very well elucidated. Some authors consider that 
graphite protects magnesium from oxidation and 
acts as a process control agent during ball milling, 
due to its lubricant properties and the reason of 
improvement in hydrogen sorption kinetics of 

magnesium is the prevention of particles and crys-
tallites growth.  

From our previous study the composite Mg-
Mg2Ni-graphite reached high absorption capacity 
and showed very good kinetic characteristics at low 
temperatures [22]. The obtained results indicated 
that the presence of carbon-containing additive leads 
to improvement of hydrogen storage properties of 
magnesium. The aim of the present paper is to 
investigate the effect of activated carbon derived 
from apricot stones on the hydrogen sorption 
properties of magnesium. Moreover the role of the 
quantity of this additive on hydriding/dehydriding 
kinetics of magnesium would be also studied. 

EXPERIMENTAL 

Preparation of activated carbon 

Activated carbons were prepared by steam pyro-
lysis from apricot stones. Raw material was heated 
up to carbonization temperature of 873 K, in a stain-
less-steel vertical reactor placed in a tube furnace. 
After cooling down to ambient temperature, the solid 
product was activated with water vapour at 973 K 
for 1 h. More detailed explanation of the preparation 
procedure of activated carbons can be found in [26]. 
The activated carbon was characterized by X-ray 
diffraction analyses with CuKα radiation and an 
Autosorb-l instrument (model AS-IT) was used to 
determine the specific surface area. 
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Preparation of composites based on magnesium 

Mixtures of powdery Mg – 5, 10 and 15% acti-
vated carbon derived from apricot stones were ball 
milled in planetary monomill Fritsch Pulverisette 6 
for 30 min under argon with rotation speed 200 rpm 
and 1:10 sample to balls weight ratio. All invest-
tigated composites were characterized by X-ray dif-
fraction analyses with CuKα radiation and hydrogen 
absorption and desorption measurements were per-
formed by Sivert’s type apparatus. Hydriding was 
proceeded at 573 and 473 K and P = 1 MPa and 
dehydriding at 623 K and P = 0.15 MPa. The crys-
tallite size was calculated according to the Scherrer 
formula using the Topas V3 programme [27].  

RESULTS AND DISCUSSION 

X-ray diffraction patterns of activated carbon 
derived from apricot stones are presented in Fig. 1. 
Some traces of MgO and CaCO3 are detected. The 
nitrogen surface area of activated carbon is 960 m2/g 
and was calculated by using the BET equation.  

 
Fig. 1. X-ray diffraction patterns of the activated carbon 

derived from apricot stones. 

X-ray diffraction patterns for the ball milled 30 
min under argon composites are presented in Fig. 2. 
The detected phases are magnesium which is the 
main one and some small quantity of Mg(OH)2. 
There is no substantial difference between the X-ray 
diffraction patterns of the composites with 5, 10 and 
15% activated carbon derived from apricot stones. 

The kinetic curves of hydriding for all compo-
sites and pure magnesium at temperature 573 K and 
pressure of 1 MPa are presented in Fig. 3. The 
addition of activated carbon derived from apricot 
stones has lead to improvement of hydrogen absorp-
tion kinetics and higher absorption capacity after 60 
min of hydriding. The composite 95%Mg-5% ACA 
has reached the highest hydrogen absorption 
capacity. At the beginning of the process e.g. the 

first 5 min all composites have practically the same 
rate of hydriding reaction. With advancement of the 
reaction the composite containing the lowest quan-
tity of activated carbon has showed better kinetics 
and the highest hydrogen absorption capacity than 
the composites 90%Mg-10% ACA and 85% Mg-
15% ACA. The theoretical hydrogen storage capa-
city of pure magnesium is 7.6%. The use of higher 
quantity of additives leads to diminution of its theo-
retical hydrogen storage capacity. For that reason, 
on the one hand, when additives are used, they 
reflect favourably on the hydrogen sorption charact-
eristics of magnesium, but on the other hand, the 
composition has to be chosen carefully.  

 
Fig. 2. X-ray diffraction patterns of the composites 

obtained after ball milling 30 min under argon:  
a) 95% Mg-5% ACA;   b) 90% Mg-10% ACA;  

c) 85% Mg-15% ACA. 
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Fig. 3. Kinetic curves of hydriding of the composites 

95% Mg-5% ACA, 90% Mg-10% ACA,  
85% Mg-15% ACA and pure magnesium. 

At 473K and 1 MPa all composites under consi-
deration after 60 min of hydriding reached hydrogen 
absorption capacity about 1%.  

The kinetic curves of dehydriding for all compo-
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sites and pure magnesium at 623 K and 0.15 MPa 
are presented in Fig. 4, here the rate of the hydrogen 
desorption reaction is very similar for all compo-
sites. The quantity of activated carbon does not 
affect hydrogen desorption kinetics. Pure magne-
sium has showed slower desorption kinetics, but 
finally it reached 6.5% desorption capacity. The dif-
ference in the desorption capacity is associated with 
different amount of magnesium in the composites. 
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Fig. 4. Kinetic curves of dehydriding of the composites 

95% Mg-5% ACA, 90% Mg-10% ACA, 
85% Mg-15% ACA and pure magnesium. 

The positive effect of carbon addition to magne-
sium based materials on the hydrogen sorption 
characteristics is not only associated with augment-
tation of specific surface area during ball milling, 
but also with the antisticking effect of carbon and its 
ability to prevent the restoration of the oxide layer 
on the surface. In this way carbon eliminates the 
unfavourable effect of this layer on the dissociative 
chemisorption of hydrogen. The large amount of 
carbon containing additive could block the hydrogen 
diffusion pats and to overtake its positive effect as 
antistacking agent. Obviously, 15% of activated 
carbon, derived from apricot stones, is not enough 
quantity to observe this blocking effect. 

The average crystallites size is presented on 
Table 1. After ball milling of the composites some 
small diminution of crystallites size by increasing 
the quantity of activated carbon is observed. The 
facilitation of the hydrogen diffusion in materials 
with smaller crystallites should be associated with 
an increase in absorption capacity. In this con-
nection, due to the fact that the crystallite size of the 
composites under consideration shows no substan-
tial difference, their hydrogen absorption capacities 
values should also be similar. The maximum hydro-
gen absorption capacity for the sample with 5% 
activated carbon is almost 1% higher than this 
reached by the other two composites. In the litera-

ture it is usually assumed that the hydrogen sorption 
characteristics of magnesium based systems strongly 
affect by crystallites size [3]. From our results it is 
obviously that even 5% of activated carbon derived 
from apricot stones has positive effect on the hydro-
gen absorption/desorption properties of magnesium. 
Further increase of the quantity of activated carbon 
e.g. 10% and 15% leads to diminution of the hydro-
gen absorption rate and capacity. Addition of this 
type of activated carbon makes also the activation of 
the composites easier, as could be seen at Table 2. 
The composite with 15% of activated carbon 
reached almost 1.49% H2 at first cycle after 60 min 
of hydriding and pure magnesium only 0.26% H2. 
Table 1. Average crystallite size values (in nm) of the 
composites after ball milling and hydrided at 573 K and 1 
MPa. 

composite ball milled  hydrided  

95% Mg-5% ACA 80 131 
90% Mg-10% ACA 70 122 
85% Mg-15% ACA 73 130 

Table 2. Hydrogen absorption capacity of the composites 
after 60 min of hydriding at I cycle at T = 623 K and P = 
1 MPa. 

composite absorption capacity,   % H2  
pure Mg 0.26 

95% Mg-5% ACA 0.86 
90% Mg-10% ACA 0.99 
85% Mg-15% ACA 1.48 

CONCLUSIONS 

The results obtained on the absorption-desorp-
tion characteristics of the composites: 95% Mg-5% 
activated carbon derived from apricot stones (ACA), 
90% Mg-10% ACA and 85% Mg-15% ACA demon-
strate the positive effect of the additive on the 
hydrogen absorption properties of magnesium. The 
investigated composites posses easier activation, 
increased absorption capacity at temperature 573 K 
and improved hydriding-dehydriding kinetics, com-
pared to pure magnesium. Due to the fact that the 
duration of mechanical activation doesn’t lead to 
significant change in the crystallinites size, the 
dehydriding kinetics shows no substantial change. 
Contrariwise, the hydriding kinetics shows some 
difference. The best hydrogen absorption kinetics 
and the highest hydrogen absorption capacity is 
reached by the composite 95% Mg-5% activated 
carbon derived from apricot stones. 
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КОМПОЗИТИ НА БАЗАТА НА МАГНЕЗИЙ С ДОБАВКА ОТ АКТИВЕН ВЪГЛЕН ПОЛУЧЕН ОТ 

КАЙСИЕВИ КОСТИЛКИ 
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(Резюме) 

Изследвани са абсорбционно-десорбционните характеристики по отношение на водород на композити със 
състав 95% Mg-5% активен въглен получен от кайсиеви костилки (ACA), 90% Mg-10% ACA и 85%-15% ACA, 
механоактивирани в инертна среда. Процесът на хидриране протича при T = 573 K и 473 K и P = 1 MPa, а на 
дехидриране при T = 623 K и P = 0.15 MPa. Композитът 95% Mg-5% ACA достига най-висок абсорбционен 
капацитет от 6.13% при 573 K и 1 MPa. Композитите 90% Mg-10% ACA и 85%-15% ACA достигат абсорб-
ционен капацитет 5.36% и 5.21% съответно. Ходът на абсорбционните криви при T = 573 K и P = 1 MPa за 
композитите съдържащи 10 и 15% ACA е доста сходен. Трикратното увеличаване на количеството на добавката 
от активен въглен към магнезия не се отразява на кинетиката на десорбция на изследваните композити. 
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