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ABSTRACT 
The molecules bearing azomethine group are known to possess biological activities. In the present work, the synthesis of N'-

Substitutedbenzylidene-2-(2, 4-dimethylphenoxy) acetatohydrazide (5a-d) has been elaborated using 2,4-Dimethylphenol (1) as 

precursor. The molecule, 1, was converted to ethyl 2-(2,4-dimethylphenoxy)acetate (2) on refluxing with ethyl 2-bromoacetate in 

ethanol in the presence of KOH. Ethyl ester, 2, was refluxed with hydrated hydrazine (80%) in ethanol to yield 2-(2,4-

dimethylphenoxy) acetohydrazide (3). The target molecules, 5a-d, were synthesized by stirring 3 with phenyl/aryl carboxaldehyde 

(4a-d) in methanol in the presence of glacial acetic acid. The synthesized molecules were characterized by spectral data and 

evaluated for antibacterial and anti-enzymatic activities. 

 

Keywords: 2, 4-Dimethylphenol, antibacterial activity, anti-enzymatic activity, azomethine, hydrazones. 

 
1. INTRODUCTION 
Hydrazone Schiff bases are the molecules with azomethine group and are known to exhibit a broad spectrum of 

pharmacologically important activities such as antimicrobial, anticancer, anti-inflammatory, antidepressant, 

anticonvulsant, antioxidant activities and many others. A number of such molecules are playing a key role in 

medicinal and agricultural chemistry1-4.  

The structural variation has much influence on the biological activities depicted by the synthesized molecules5-9. 

This fact prompted us to synthesize such a series of molecules bearing azomethine and ether linkages for the 

evaluation of their antibacterial and anti-enzymatic activities. The MIC values of antibacterial activity and IC50 values 

of anti-enzymatic activity rendered these molecules moderately good except one. These molecules can be further 

activated by synthesizing heterocyclic moieties like 1, 3, 4-Oxadiazole10-12.    
 

2. RESULTS AND DISCUSSION 
A new series of N'-Substitutedbenzylidene-2-(2,4-dimethylphenoxy)acetatohydrazide (5a-d) was synthesized by 

outlined Scheme 1. The general procedures and spectral data are expressed in the experimental section.  
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Scheme-1: Outline for synthesis of N'-Substitutedbenzylidene-2-(2,4-dimethylphenoxy)acetatohydrazide (5a-d); Reagents and 

conditions: (A) Ethyl 2-bromoacetate/EtOH/KOH/Reflux for 6 hours (B) 80% Hydrated hydrazine/EtOH/Reflux for 4 hours (C) 

Phenyl/aryl carboxaldehydes (4a-d)/MeOH/Glacial acetic acid/Stir for 3-4 hours. 
 

2.1 Chemistry 
The series of such molecules bearing azomethine and ether linkages was synthesized to evaluate the antibacterial and 

anti-enzymatic behavior of these molecules. First 2, 4-dimethylphenol (1) was converted to ethyl 2-(2,4-

dimethylphenoxy)acetate (2) on refluxing with ethyl 2-bromoacetate in ethanol in the presence of KOH. The product 

was separated by filtration after addition of excess of cold distilled water. Second, 2 was refluxed with hydrated 
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hydrazine (80%) in ethanol and 2-(2,4-dimethylphenoxy) acetohydrazide (3) was afforded through filtration after 

addition of excess ice cold distilled water. The target molecules, N'-Substitutedbenzylidene-2-(2,4-

dimethylphenoxy)acetohydrazide (5a-d), were yielded by stirring 3 with phenyl/aryl carboxaldehydes (4a-d) in 

methanol in the presence of glacial acetic acid as catalyst at room temperature. The precipitates of products were 

collected after addition of ice cold distilled water by filtration and dried. Spectroscopic data was used to analyze the 

structural formulae of synthesized molecules.  

The compound, 5a, white amorphous solid, showed melting point of 120-122 oC. Its molecular formula, 

C17H18N2O2, was established by EI-MS and 1H-NMR spectral data. The stretching frequencies of C=O of 

carbohydrazide, C=N of azomethine and C-O of ether linkage were observed at 1671, 1682 and 1089 respectively. In 

EI-MS, molecular ion peak was observed at m/z 282 along with two prominent peaks at m/z 163 for 2-(2,4-

dimethylphenoxy)aceto cation and at m/z 119 for benzaldehydehydrazonic cation. The mass fragmentation pattern of 

5a was sketched in Fig. 1. The 1H-NMR spectrum demonstrated three signals for unsubstituted benzylidene ring at δ 

8.18 (s, 1H, H-7''), 7.75 (dd, J = 7.2, 3.6 Hz, 2H, H-2'', H-6'') and 7.40-7.38 (m, 3H, H-3'' to H-5''); and three signals 

for substituted phenoxy group at δ 7.00 (s, 1H, H-3'), 6.94 (d, J = 7.6 Hz, 1H, H-5') and 6.71 (d, J = 8.0 Hz, 1H, H-6') 

in the aromatic region. The aliphatic region presented three signals for one methylene group of acetamide at δ 4.63 (s, 

2H, H-2) and two methyl groups of substituted phenoxy ring at δ 2.29 (s, 3H, CH3-4') and 2.26 (s, 3H, CH3-2'). In 

broad band (BB) and distorsionless enhancement by polarization transfer (DEPT) 13C-NMR spectra, fifteen signals 

resonated for five quaternary carbons, nine methine carbons, one methylene carbon and two methyl carbons. The five 

quaternary carbons resonated at δ 164.7 (C-1), 149.4 (C-1'), 133.1 (C-1''), 132.0 (C-4') and 128.8 (C-2'); nine methine 

carbons resonated seven signals at δ 144.2 (C-7''), 131.8 (C-4''), 130.8 (C-2'', C-6''), 127.8 (C-3'), 127.3 (C-5'), 126.8 

(C-3'', C-5''), 111.9 (C-6'); one methylene carbon appeared at δ 67.8 (C-2); and two methyl carbons appeared at δ 20.4 

(C-8') and 16.3 (C-7'). All the spectral data values confirmed the proposed structural formulae of 5a as N'-

Benzylidene-2-(2,4-dimethylphenoxy)acetatohydrazide. The structural formulae of all other synthesized compounds 

were also corroborated through spectral data values, elaborated in experimental section. 
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Fig-1: Mass fragmentation pattern of synthesized molecule, 5a 

 

2.2 Antibacterial and anti-enzymatic activity (in vitro) 
The results of antibacterial activity are presented as %age inhibition and MIC values (Table 1, 2) relative to the 

reference standard, ciprofloxacin, and that of lipoxygenase (LOX) inhibition activity are expressed as IC50 values 

relative to baicalein (Table 3). The compounds remained moderately good inhibitors of gram-positive and gram-

negative bacterial strains along with better inhibition potential against LOX enzyme. 
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Table-1: %age inhibition of antibacterial activity 

Compound 
% Inhibition 

S. typhi (-) E. coli (-) B. subtilis (+) S. aureus (+) P. aeruginosa  (-) 

2 72.22±1.78 71.34±0.54 68.05±1.45 37.89±4.21 73.45±1.29 

3 58.11±1.11 64.90±3.42 65.30±2.50 48.47±3.21 71.70±2.53 

5a 39.11±3.56 13.22±4.31 31.05±3.95 40.37±4.89 29.23±2.25 

5b 67.33±0.78 73.02±1.24 63.30±1.90 60.47±1.95 64.48±0.36 

5c 65.56±1.89 68.12±0.59 62.15±0.55 60.95±2.53 62.01±1.39 

5d 45.22±0.54 57.28±2.43 49.80±1.80 30.05±5.00 49.23±1.08 

Ciprofloxacin 92.43±1.07 90.67±0.65 91.99±2.00 91.00±1.65 90.33±0.22 
 

The MIC values explained the inhibition potential of the compounds. The molecules, 2 and 3 showed better potential 

against E. coli and P. aeruginosa with MIC values of 11.18±3.25 µM and 11.30±0.58 µM relative to 7.96±1.14 µM 

and 8.05±1.60 µM but moderate against S. typhi and B. subtilis. Both molecules executed no activity at all against S. 

aureus. The molecules, 5b and 5c showed good activity against all the bacterial strains taken into account and also 

comparable to that of the reference standard. These two molecules owe their activity because of substitution at 2nd 

position and/or 3rd or 5th of benzylidene group which is absent in remaining ones. The substitution at 4th position 

and/or 2nd or 3rd position rendered the molecules less reactive. The compounds, 5a and 5d remained the least active as 

first one showed no activity at all and the second one very moderate activity against E. coli only with MIC value of 

13.16±1.68 µM relative to 7.96±1.14 µM of ciprofloxacin.  
 

Table-2: MIC values of antibacterial activity 

Compound 
MIC 

S. typhi (-) E. coli (-) B. subtilis (+) S. aureus (+) P. aeruginosa  (-) 

2 13.94±1.00 9.95±2.50 16.25±2.25 - 10.53±4.08 

3 12.28±5.00 11.18±3.25 15.17±5.00 - 11.30±0.58 

5a - - - - - 

5b 11.39±2.30 10.72±1.31 11.84±2.46 13.23±2.20 12.13±1.08 

5c 10.60±5.00 10.52±2.38 12.31±4.24 11.54±1.79 11.27±3.08 

5d - 13.16±1.68 - - - 

Ciprofloxacin 8.00±2.54 7.96±1.14 8.32±1.00 7.43±0.45 8.05±1.60 
 

The enzyme inhibition potential has been evaluated against lipoxygenase (LOX) enzyme. The molecules, 5a, 5b and 

5c were found to be better inhibitor of this enzyme but other three molecules showed the least activity. Among the 

whole series, the best inhibitor was 5c showing IC50 value of 132.5±0.52 µM relative to baicalein with IC50 value of 

22.4±1.3 µM. The reactivity order of all the molecules was 5c>5a>5b>5d=3>2. 
 

Table-3: Enzyme inhibition against LOX 

Compound 
LOX 

Conc. (mM) Inhibition (%) IC50 (µM) 

2 0.5 27.44±0.34 -- 

3 0.5 43.56±0.78 >500 

5a 0.5 98.44±0.12 211.3±0.82 

5b 0.5 72.18±0.26 312.3±0.78 

5c 0.5 93.44±0.65 132.5±0.52 

5d 0.25 52.66±0.23 >500 

Baicalein 0.5 93.76±1.21 22.4±1.3 

Note: LOX = Lipoxygenase. IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were calculated 

using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. Amherst, USA). 
 

3. CONCLUSION 
All the compounds were synthesized with better yields and characterized by structural formulae through spectral data 

values. Because of azomethine group, the activity was supposed to be much better and the results showed the expected 

values up to much extent for antibacterial and anti-enzymatic potentials. The substitution at 2nd and other positions 

except 4th of benzylidene group rendered the molecules active against bacterial strains and lipoxygenase enzyme. 

These can be further evaluated for in vivo activity and hence these might be capable for the drug discovery pathway 

regarding pharmacological research. 
 

4. MATERIALS AND METHODS 
4.1 General 
The IR spectral data was collected by KBr pellet method on Jasco-320-A spectrophotometer. NMR spectral data was 

collected for PNMR and CNMR in CHCl3-d1 on Bruker spectrometer at 400 and 100 MHz respectively, with δ-values 
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in ppm and J-values in Hz. EIMS spectral data were collected on JMS-HX-110 spectrometer. Melting points of all the 

synthesized compounds were noted on Griffin-George apparatus. TLC plates with silica gel 60 F254 were used and 

visualized under UV at 254nm with solvent system of ethyl acetate and n-hexane. The chemical reagents were Alfa 

Aesar and Sigma-aldrich branded bought from local suppliers and analytical grade solvents were employed. 
 

4.2 Procedure for synthesis of ethyl 2-(2,4-dimethylphenoxy)acetate (2) 
2,4-Dimethylphenol(1; 2.5 mmol) was dissolved in 30 mL ethanol in a 100 mL round bottom (RB) flask. Solid KOH 

(2.5 mmol) was added and system was refluxed for 0.5 hour. Then electrophile, ethyl 2-bromoacetate (2.5 mmol) was 

added and system was further refluxed for 6 hours. The reaction was supervised by TLC. After single spot on TLC, 

system was left to cool down to room temperature. Reaction mixture was transferred to a separating funnel (250 mL) 

followed by addition of ice cold distilled water (50 mL) and chloroform (30 mL). The system was shaken vigorously 

and left till appearance of two layers. The chloroform layer was separated and the title compound was afforded after 

evaporation. Light brown liquid; Yield: 86%; Molecular formula: C12H16O3; Molecular weight: 208 gmol-1; IR (KBr, 

vmax/cm-1): 3057 (Ar C-H), 1733 (ester C=O), 1583 (Ar C=C), 1121 (C-O); 1H-NMR (CDCl3, 400 MHz, δ/ppm): 6.95 

(s, 1H, H-3'), 6.85 (d, J = 8.0 Hz, 1H, H-5'), 6.60 (d, J = 8.0 Hz, 1H, H-6'), 4.58 (s, 2H, H-2), 4.24 (q, J = 7.2 Hz, 2H, 

H-1''), 2.23 (s, 3H, CH3-4'), 2.20 (s, 3H, CH3-2'), 1.28 (t, J = 7.2 Hz, 3H, CH3-2''); 13C-NMR (CDCl3, 100 MHz, 

δC/ppm): 169.5 (C-1), 149.7 (C-1'), 132.3 (C-4'), 128.5 (C-2'), 127.4 (C-3'), 126.5 (C-5'), 112.1 (C-6'), 67.9 (C-2), 63.3 

(C-1''), 20.3 (C-8'), 16.2 (C-7'), 14.5 (C-2''); EIMS (m/z): 208 [M]+, 163 [C10H11O2]
+, 135 [C9H11O]+, 121 [C8H9O]+, 

105 [C8H9]
+, 93 [C7H9]

+, 29 [C2H5]
+. 

 

4.3 Procedure for synthesis of 2-(2,4-dimethylphenoxy)acetohydrazide (3) 
Ethyl ester, 2 (2.1 mmol) was mixed with 20 mL ethanol in a 100 mL RB flask followed by the addition of 80% 

hydrated hydrazine (2.1 mmol). The reaction mixture was refluxed for 4 hours and monitored by TLC. After 

confirmation by TLC, excess of cold distilled water was poured to the reaction mixture along with shaking. The 

settled precipitates of title compound were collected by filtration and washed by n-hexane. Pink amorphous solid; 

Yield: 80%; Melting point: 134-136 oC; Molecular formula: C10H14N2O2; Molecular weight: 194 gmol-1; IR (KBr, 

vmax/cm-1): 3412 (N-H), 3071 (Ar C-H), 1667 (amide C=O), 1595 (Ar C=C), 1155 (C-O); 1H-NMR (CDCl3, 400 MHz, 

δ/ppm): 6.96 (s, 1H, H-3'), 6.93 (d, J = 8.4 Hz, 1H, H-5'), 6.63 (d, J = 8.4 Hz, 1H, H-6'), 4.52 (s, 2H, H-2), 2.24 (s, 3H, 

CH3-4'), 2.21 (s, 3H, CH3-2'); 13C-NMR (CDCl3, 100 MHz, δC/ppm): 164.8 (C-1), 148.6 (C-1'), 132.7 (C-4'), 128.3 (C-

2'), 127.1 (C-3'), 126.2 (C-5'), 112.0 (C-6'), 67.7 (C-2), 20.1 (C-8'), 16.2 (C-7'); EIMS (m/z): 194 [M]+, 192 

[C10H12N2O2]
+, 163 [C10H11O2]

+, 135 [C9H11O]+, 121 [C8H9O]+, 105 [C8H9]
+, 93 [C7H9]

+. 
 

4.4 General procedure for synthesis of N'-Substitutedbenzylidene-2-(2,4-dimethyl phenoxy)acetatohydrazide 

(5a-d) 
Compound 3 (0.4 mmol) was taken in 50 mL RB flask and mixed with 15 mL methanol. Two drops of glacial acetic 

acid were added to catalyze the reaction. The phenyl/aryl carboxaldehyde (4a-d, 0.4 mmol) were added and the 

reaction mixture was stirred for 3-4 hours. After complete reaction, supervised by TLC, excess of cold distilled water 

was added to the reaction mixture along with shaking till precipitation. The precipitates of the synthesized compounds 

were filtered, washed and dried for spectral and biological analysis. 
 

4.4.1 N'-Benzylidene-2-(2,4-dimethylphenoxy)acetatohydrazide (5a) 
White amorphous solid; Yield: 78%; Melting point: 120-122 oC; Molecular formula: C17H18N2O2; Molecular weight: 

282 gmol-1; IR (KBr, vmax/cm-1): 3386 (N-H), 3111 (Ar C-H), 1671 (amide C=O), 1682 (C=N), 1581 (Ar C=C), 1089 

(C-O); 1H-NMR (CDCl3, 400 MHz, δ/ppm): 8.18 (s, 1H, H-7''), 7.75 (dd, J = 7.2, 3.6 Hz, 2H, H-2'', H-6''), 7.40-7.38 

(m, 3H, H-3'' to H-5''), 7.00 (s, 1H, H-3'), 6.94 (d, J = 7.6 Hz, 1H, H-5'), 6.71 (d, J = 8.0 Hz, 1H, H-6'), 4.63 (s, 2H, H-

2), 2.29 (s, 3H, CH3-4'), 2.26 (s, 3H, CH3-2'); 13C-NMR (CDCl3, 100 MHz, δC/ppm): 164.7 (C-1), 149.4 (C-1'), 144.2 

(C-7''), 133.1 (C-1''), 132.0 (C-4'), 131.8 (C-4''), 130.8 (C-2'', C-6''), 128.8 (C-2'), 127.8 (C-3'), 127.3 (C-5'), 126.8 (C-

3'', C-5''), 111.9 (C-6'), 67.8 (C-2), 20.4 (C-8'), 16.3 (C-7'); EIMS (m/z): 282 [M]+, 163 [C10H11O2]
+, 135 [C9H11O]+, 

121 [C8H9O]+, 119 [C7H7N2]
+, 105 [C8H9]

+, 104 [C7H6N]+, 93 [C7H9]
+, 91 [C7H7]

+, 77 [C6H5]
+, 65 [C5H5]

+, 51 [C4H3]
+. 

 

4.4.2 N'-(2,3-Dimethoxybenzylidene)-2-(2,4-dimethylphenoxy)acetatohydrazide (5b) 
Cream white amorphous solid; Yield: 82%; Melting point: 150-152 oC; Molecular formula: C19H22N2O4; Molecular 

weight: 342 gmol-1; IR (KBr, vmax/cm-1): 3379 (N-H), 3167 (Ar C-H), 1650 (amide C=O), 1676 (C=N), 1592 (Ar 

C=C), 1104 (C-O); 1H-NMR (CDCl3, 400 MHz, δH/ppm): 8.43 (s, 1H, H-7''), 7.68 (dd, J = 8.8, 0.8 Hz, 1H, H-6''), 

7.41 (dd, J = 8.4, 1.6 Hz, 1H, H-4''), 7.06 (t, J = 8.0 Hz, 1H, H-5''), 7.00 (s, 1H, H-3'), 6.94 (d, J = 7.6 Hz, 1H, H-5'), 

6.72 (d, J = 8.0 Hz, 1H, H-6'), 4.63 (s, 2H, H-2), 3.87 (s, 3H, CH3-9''), 3.85 (s, 3H, CH3-8''), 2.30 (s, 3H, CH3-8'), 2.26 

(s, 3H, CH3-7'); 13C-NMR (CDCl3, 100 MHz, δC/ppm): 164.6 (C-1), 152.6 (C-1'), 144.9 (C-7''), 140.0 (C-3''), 138.2 

(C-2''), 132.0 (C-3'), 131.8 (C-4'), 131.7 (C-2'), 127.5 (C-5'), 126.4 (C-1''), 124.2 (C-6''), 118.7 (C-4''), 114.4 (C-5''), 

112.1 (C-6'), 68.0 (C-2), 61.7 (C-8''), 55.8 (C-9''), 20.4 (C-8'), 16.3 (C-7'); EIMS (m/z): 342 [M]+, 179 [C9H11N2O2]
+, 
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164 [C9H10NO2]
+, 163 [C10H11O2]

+, 151 [C9H11O2]
+, 137 [C8H9O2]

+, 135 [C9H11O]+, 121 [C8H9O]+, 105 [C8H9]
+, 93 

[C7H9]
+.   

 

4.4.3 N'-(2, 5-Dimethoxybenzylidene)-2-(2,4-dimethylphenoxy)acetatohydrazide (5c) 
Yellowish white amorphous solid; Yield: 89%; Melting point: 156-158 oC; Molecular formula: C19H22N2O4; 

Molecular weight: 342 gmol-1; IR (KBr, vmax/cm-1): 3397 (N-H), 3176 (Ar C-H), 1666 (amide C=O), 1678 (C=N), 

1562 (Ar C=C), 1159 (C-O); 1H-NMR (CDCl3, 400 MHz, δ/ppm): 8.47 (s, 1H, H-7''), 7.58 (d, J = 3.2 Hz, 1H, H-6''), 

7.00 (s, 1H, H-3'), 6.95-6.92 (m, 2H, H-4'', H-5'), 6.83 (d, J = 9.2 Hz, 1H, H-3''), 6.72 (d, J = 8.4 Hz, 1H, H-6'), 4.62 

(s, 2H, H-2), 3.81 (s, 3H, CH3-9''), 3.80 (s, 3H, CH3-8''), 2.29 (s, 3H, CH3-8'), 2.26 (s, 3H, CH3-7'); 13C-NMR (CDCl3, 

100 MHz, δC/ppm): 164.4 (C-1), 152.8 (C-1'), 147.3 (C-5''), 144.5 (C-7''), 138.4 (C-2''), 131.5 (C-4'), 130.8 (C-2'), 

129.2 (C-3'), 127.5 (C-5'), 126.3 (C-1''), 117.6 (C-4''), 112.7 (C-6'), 112.3 (C-6''), 112.0 (C-3''), 68.3 (C-2), 55.9 (C-

9''), 61.5 (C-8''), 20.3 (C-8'), 16.4 (C-7'); EIMS (m/z): 342 [M]+, 179 [C9H11N2O2]
+, 164 [C9H10NO2]

+, 163 

[C10H11O2]
+, 151 [C9H11O2]

+, 137 [C8H9O2]
+, 135 [C9H11O]+, 121 [C8H9O]+, 105 [C8H9]

+, 93 [C7H9]
+. 

 

4.4.4 N'-(3, 4-Dimethoxybenzylidene)-2-(2,4-dimethylphenoxy) acetatohydrazide (5d) 
Brownish yellow amorphous solid; Yield: 76%; Melting point: 148-150 oC; Molecular formula: C19H22N2O4; 

Molecular weight: 342 gmol-1; IR (KBr, vmax/cm-1): 3357 (N-H), 3143 (Ar C-H), 1659 (amide C=O), 1677 (C=N), 

1590 (Ar C=C), 1217 (C-O); 1H-NMR (CDCl3, 400 MHz, δ/ppm): 8.09 (s, 1H, H-7''), 7.46 (d, J = 1.6 Hz, 1H, H-1''), 

7.12 (dd, J = 8.4, 2.0 Hz, 1H, H-6''), 7.00 (s, 1H, H-3'), 6.95 (d, J = 8.4 Hz, 1H, H-5'), 6.85 (d, J = 8.4 Hz, 1H, H-4''), 

6.71 (d, J = 8.0 Hz, 1H, H-6'), 4.62 (s, 2H, H-2), 3.93 (s, 3H, CH3-8''), 3.90 (s, 3H, CH3-9''), 2.29 (s, 3H, CH3-8'), 2.26 

(s, 3H, CH3-7'); 13C-NMR (CDCl3, 100 MHz, δC/ppm): 164.1 (C-1), 152.9 (C-1'), 149.7 (C-3''), 146.6 (C-4''), 144.3 

(C-7''), 132.4 (C-4'), 129.2 (C-1''), 126.5 (C-2'), 124.2 (C-3'), 122.8 (C-5'), 122.1 (C-6''), 112.4 (C-6'), 108.6 (C-5''), 

107.1 (C-2''), 68.6 (C-2), 61.4 (C-8''), 55.7 (C-9''), 20.1 (C-8'), 16.8 (C-7'); EIMS (m/z): 342 [M]+, 179 [C9H11N2O2]
+, 

164 [C9H10NO2]
+, 163 [C10H11O2]

+, 151 [C9H11O2]
+, 137 [C8H9O2]

+, 135 [C9H11O]+, 121 [C8H9O]+, 105 [C8H9]
+, 93 

[C7H9]
+. 

 

5. BIOLOGICAL ACTIVITY ASSAYS 
5.1 Antibacterial Activity 
The antibacterial activity was assayed by the reported method12. 
 

5.2 Anti-enzymatic Activity 
The LOX enzyme inhibition assay was performed by Baylac and Racine method13. 
 

5.3 Statistical Analysis  
Each experiment was executed in triplicate and statistically analyzed by ME 2010. All the results are tabulated as 

mean ±SEM. 
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ABSTRACT  
A pot experiment was conducted at Land Resources Research Institute, National Agricultural Research Centre (NARC), 

Islamabad during spring 2012 to study the effect of foliar applied fulvic acid (FA) on tomato grown under greenhouse conditions. 

Six kg sandy loam soil (Nabipur series mixed hyperthermic Udic Ustochrept) filled in plastic pot and grown with tomato plants 

(Riogrande). Basal dose of N, P, K, along with Zn, Fe, and B were applied @ 200, 150, 200, 10, 2 and 1 mg/kg soil FA was 

applied as foliar @ 0, 150, 300, 450 and 600 mg/l respectively. Results showed a significant increase in fruit yield, harvest index 

and other agronomic parameters with FA application. Besides macronutrients plant micronutrient concentration also increased 

with FA application which could be ascribed to stimulating effect of FA on enhanced biomass. Protein and chlorophyll contents of 

leaves also significantly changed with applied FA. Based on the results of the study it could be concluded that FA spray at 150 

and 300 mg/ l were appropriate dose for maximum nutrient uptake by plant for optimum growth and maximize yield.  

 

Keywords: Fulvic acid, tomato, mineral composition, biomass weight, FTIR 

 
1. INTRODUCTION 
Humic substances (HSs) are naturally occurring, biogenic, heterogeneous mixture of organic material derived from 

decayed plant and animal residues, and mainly composed of -COOH, and –C=O, -OH and other functional groups. 

Primarily, HSs are composed of humic acid, FA and humin1, as major component of ecosystem, HSs made up to 50-

80% of the organic matter in water, soil and sediments2. The HSs can play significant role in increasing nutrients 

concentration in soil and plant. The polycarboxylic nature HA and FA may be absorbed by Fe and Al oxides in acidic 

soil so that phosphate sorption to these oxides are affected3,4  

Different techniques such as ultraviolet spectroscopy (UV-VIS), high pressure liquid chromatography (HPLC) 

and Fourier Transforms infrared spectroscopy (FTIR) are used to ascertain chemical composition and structural 

arrangement of different functional group present in this macromolecule. The presence of hydrophilic and 

hydrophobic ends have significant role in nutrients acquisition and availability in soil5. 

Earlier research found that foliar application of FA caused increased stem length, fresh and dry wt5,6,7. While 

comparing coal extracted FA applied as foliar to wheat @ 0.05 or 0.1% it was found that FA transport from roots to 

shoots was greater than that of HA8. Application of FA to tomato had significant effects on roots and stem weight9 

ascribed to seedling quality.  

Tomato is major vegetable grown in Pakistan on about 53.4 thousand ha with an average yield of about 10.52 

t/ha10 less than world average tomato production (28.34 t/ha), almost one-fourth less than tomato yield in USA(42.1 

t/ha)and  far below of that in  Netherland (146 t/ha)11. Imbalanced fertilizer application such as N, P and K @ 250, 125 

with virtual no or low use of K and micronutrient12, 13 is one of the main reasons of low tomato yield. It is estimated 

that on average, a tomato crop producing 30 t/ha require 280 kg N, 55 kg P2O5 and 540 kg K2O/ ha14, 15  

Keeping into account the low nutrients availability in alkaline calcariious soil, the current study was 

conducted to evaluate the effect of foliar applied FA in presence of basal of N, P and K on the growth, yield and 

nutrient uptake of tomato variety Riogrande under greenhouse conditions. 

 

2. EXPERIMENTAL  
 

2.1 Soil Description 
This study was conducted at headhouse of Land Resources Research Institute (LRRI), National Agricultural Research 

centre (NARC), Islamabad (latitude 33o.43’ N, longitude 73o 5’E),  on Nabipur soil series collected from top 15 cm 

mainly sandy loam and moderately calcareous, very deep, well drained and developed from rocks of Murree formation 

and transported by water during the sub-recent epoch. The soil was air dried; sieved (2 mm) and analyzed for pH, EC, 

organic matter, NO3- N, P, K, Na and micronutrients (Zn, Fe, Cu, B and Mn as listed (Table 1). All the laboratory 

analyses were carried following standard operation procedures16. The AB-DTPA was used to extract nutrients from 

soil17 and thereafter NO3-N and P in the extract were determined by spectrophotometer (S-200 D) and Na and K by 

flame photometer (Jenway PFP-7). The Zn, Fe, Cu, and Mn were determined by using atomic absorption 

spectrophotometer18.  
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2.2 Extraction of FA from Coal 
Coal samples were ground; sieved (2 mm), treated with KOH (0.5N) and NaOH (0.5N) separately; filtered, 

centrifuged and dried to get HA as reported earlier19 (Fig. 1), following grinding and sieving, extraction was acidified 

(10% HNO3) as (1:4; coal: acid); filtered and dried (65 0C) to FA, a yellow color substances. Purity of FA and HA was 

determined by spectrophotometer. The chemical composition of coal derived FA was determined as described20. 

 
Table-1: Physicochemical properties of soil 

Soil Characteristic Values Soil Characteristic Values 

pH 8.10 K (mg kg-1) 48.00 

ECe(ds/m) 0.16 Zn (mg kg-1) 0.34 

CaCO3 (%) 4.00 Cu (mg kg-1) 0.46 

O.M (%) 1.20 Fe (mg/kg) 6.60 

Olsen P (mg kg-1) 4.90 Mn (mg kg-1) 6.20 

 

 
 

Fig-1: Extraction of HA and FA from coal (Khan et al. 2014) 

 

2.3 Soil and Plant Sampling, Preparation and Analysis 
Previously air dried, sieved (2 mm) air was filled into 7 kg plastic container applied with basal dose of N, P, K, Zn, 

along with Fe, and B @ 200, 150, 200, and 10, 2 and 1 mg/kg soil respectively. FA were applied @ 0 (no FA), 150, 

300, 450 and 600 mg/l as FA0, FA1, FA2, FA3, and FA4, respectively. Twenty five days old tomato seedlings were 

transplanted to pots. The FA was applied as foliar sprays in three stages; flower initiation, fruit setting and post 1st 

fruit pick. The treatments were triplicate under completely randomized design (CRD). The data regarding plant fresh 

and dry biomass, biological yield and fruit weight were recorded. The diagnostic leaf and whole shoot samples were 

collected for determination of N, P, K and micronutrient. The plant samples were washed with distilled water, air and 

then oven dried at 65 0C and then ground finely. Total N was estimated by Kjeldahl method21. For other nutrients, plant 

material was wet digested in mixed acid solution (HNO3: HClO4) in 2:1 ratio22. Aliquot was used for the determination of 

P, K, Zn, Fe, Cu and Mn using Atomic absorption photometer (Perkin Elmer, USA). The Na and K concentration in 

digest was determined by flame photometer and Zn, Fe, Cu, and Mn were determined by atomic absorption 

spectroscopy. Chlorophyll content was measured using chlorophyll meter SPAD 502 (Konica Minolta Sensing Inc. Japan). 

Soil pH, EC, organic matter, macronutrients (NO3-N, P and K) and micronutrients (Zn, Fe, Cu, B and Mn) were 

determined following standard procedures.  

 

2.4 Statistical Analysis 
The data obtained were analyzed using the MSTATC 5. Difference in means was compared using least significant 

difference (LSD) test.   

 

3. RESULTS AND DISCUSSION 
 

3.1 Nutrients Composition and FTIR Analysis of FA 
The detail nutrients composition of coal derived FA extracted with HNO3 (Table 2) showing presence of macro micro 

and some other heavy metal such as As, Pb.  
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The (FTIR) spectroscopy of FA showed peaks of different altitude and heights (Fig. 2) ascribed to the presence of 

various functional groups (Table 3). The data revealed that extracted FA contains alcohol, carboxyl, alkyl halide, 

amine, alkenes and aromatic compounds.  The presence alkyl halide in the 

product was predominated by Br, F and Cl. The aromatic compounds are conjugated with -C=C in 1507-1558 

cm-1 wave number range while in 3029 cm-1 range it was dominated by -C-H group. Amines were also detected that 

were conjugated with aromatic compounds. From the type of vibration found, it can be concluded that extracted coal 

FA contains variety of functional groups including hydroxyl, phenolic O-H, alkyl halide, alkene (C=C), Amine NH2 

and aromatic compound with -C=O.  
Table-2: Nutrient Composition of coal derived FA 

  P K Cu  Zn  Fe Na Cd 

 mg kg
-1

 % ---------------mg kg
-1

------------ % mg kg
-1

 

Black coal 12.0 0.047 17.8 9.1 3123 2.2 1.58 

Brown coal 15.1 0.060 18.1 13.0 3669 1.8 2.81 

Half white coal 75.8 0.113 825.9 506.1 5079 2.1 1.25 

 
Table-3: Characterization of coal derived FA 

Functional 

Group 
Vibration 

Absorption(cm
-1

) 

peak 
Intensity Structural formula 

-O-H (stretch, free) 3565.8 strong, sharp 
 

Aromatic (C-H) stretch 3029.9 medium 

 

-C=O stretch 1734.6 strong 
 

-C=C stretch 1646.8 variable 
 

Aromatic (C=C) stretch 1558.2 
medium-weak, 

multiple bands 
 

Aromatic (C=C) stretch 1541.4 
medium-weak, 

multiple bands 
 

Aromatic (C=C) stretch 1507.5 
medium-weak, 

multiple bands 
 

-C-F stretch 1363.7 strong 

 

-C-N stretch 1217.1 medium-weak 

 
-C-F stretch 1066.7 strong  

-C-F stretch 1008.9 strong 

 

=C-H bending 834.9 strong 
 

=C-H bending 824.2 strong 
 

-C-Cl stretch 767.8 strong 

 

-C-Br stretch 595.3 strong 

 

-C-Br stretch 557.1 strong 
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-C-Br stretch 527.1 strong 

 

-C-Br stretch 502.1 strong 

 

 
Fig-2: FTIR spectra of coal dried FA 

 

3.2 Agronomic Parameters 

3.2.1 Effect of FA on Plant height, Biological yield, Plant dry weight and Chlorophyll contents 
The FA application increased tomato plant height because of its stimulating effect on plant growth. Maximum plant 

height was recorded in FA3 as compared to control (Fig. 3). It was almost at par statistically with plant height in FA1, 

FA2 and FA3. However, the difference among the height of plants at different FA applied levels was non-significant; 

but highly significant between the FA treatment and control (FA0).  

 
Fig-3: Effect of FA on plant height 
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Fig-4: Effect of FA on biological yield 

 

The biological yield was also affected with application of FA. Applied FA @ 150 mg/l gave the maximum biological 

yield which was at par with FA spray at 300 mg/l. The biological yield declined as FA application rate increased (FA3 

and FA4). The dry weight of plant increased with FA application as compared to control (Fig. 4). Dry matter produced 

by FA1 and FA2 was at par statistically with each other. These results showed that FA application at higher rates tends 

to decrease the plant dry weight.  

 The chlorophyll content of a plant indicates its health as photosynthetic and metabolic activities taking place 

in the leaves. The chlorophyll contents positively affected with foliar application of FA (Fig. 5). The maximum 

concentration of chlorophyll contents was recorded in plants treated with FA1 and FA2 and then decreased at higher 

applied rates of FA. 

 
Fig-5: Effect FA on plant dry weight of tomato  

 

3.2.2 Effect of FA on macronutrients, micronutrients and plant protein contents 
Nitrogen (N), phosphorous (P) and potassium (K) concentration in tomato leaves increased with FA application as 

compared to control (Table 4). The maximum N concentration was recorded in FA3 over control. The increase in leaf 

N concentration was 8.5% in FA1 and FA2
 foliar treatments. However, its application at higher rate (FA3, FA4) 

decreased nitrogen concentration. The N concentration in the shoots decreased with increasing rates of FA application. 

The maximum shoots N was recorded in control treatments where no FA was sprayed which decreased gradually with 

increasing rate of applied FA. 

 
Table-4: Effect of FA on leaf and whole plant N, P and K composition of tomato 

Treatments Leaf Whole plant 

 N P K N P K 

 --------------------------------(g 100 g-1)-------------------------------------- 

Control  FA0 3.36 C 0.173 C 1.13 C 2.50 0.039 0.73 

Foliar    FA1 3.60 B 0.241 B 1.14 B 2.37 0.055 0.62 

Foliar    FA2 3.61 B 0.222 A 1.17 A 2.30 0.063 0.64 

Foliar    FA3 4.28 A 0.130 D 1.03 D 2.25 0.079 0.63 

Foliar    FA4 3.52 B 0.100 E 1.00 A 2.15 0.094 0.62 

CV (%) 10.34 12.23 13.2 10.34 12.23 13.2 

LSD at P≤ 0.05 0.134 0.004 0.009 NS NS NS 
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The maximum P in leaves was recorded in FA1 foliar spray compared with control. The P concentration in leaves with 

FA2
 was at par to that of FA1 which depressed at higher rate of applied FA. Similarly, shoot P concentration increased 

with application of FA as compared to control. The maximum P was recorded in FA4 treatment as compared to all 

other treatments including control. The P concentration increased substantially with applied rates of FA. In case of K 

uptake, the maximum was recorded at FA2
 foliar spray compared to control. The concentration of K improved in 

tomato leaves with the use of FA up to FA2 however, application of FA at higher rate tends to decrease concentration. 

The K concentration in shoot decreased with FA1 and FA2 treatments but it increased at higher rates of FA which was 

again less than that of control treatment. 

The Zn content of diagnostic leaves range from 40 to 48.8 mg/kg in different treatments of FA application 

(Table 5). The maximum Zn contents were recorded in plants grown in control treatment (FA0). The Zn content 

decreased significantly with increasing rate of FA and the minimum concentration was recorded in FA4 treatment. 

Contrary to plant leaves Zn content of plant shoots increased with the application of FA as compared to control. It 

varied in different treatment of FA and the maximum was at FA2 treatment. The minimum value was recorded in FA4 

treatment which was even more than control treatment. The Cu content of leaves increased with the application of FA 

with respect to control treatment. The highest Cu concentration (7.6 and 8.3 mg/kg) was recorded in plants treated 

with FA3 and FA4 and was almost at par with FA1, FA2 and FA3, which was 7.2, 7.1 and 7.6 mg/kg respectively. On 

over all leaf Cu content increased by 18% as compared to control. The Cu content of whole plant increased with 

application of FA compared to control treatment. The maximum Cu content was recorded at FA4 which was 56.2% 

more as compared to control. The increase in Cu concentration in Plant shoot was statistically at par with FA1 and FA2 

treatments. On over all bases shoot Cu content increased by 43% over the control. The Fe content of leaf decreased 

with the application of FA and the minimum content was recorded FA3 and FA4 treatments. Contrarily, the shoot Fe 

contents increased with the application of FA as compared to control. The maximum Fe was recorded in the treatment 

FA3 as compared to control which decreased with FA4 application. 

 
Table-5: Effect of FA on leaf and shoot micro nutrient composition of tomato 

Treatments Leaf Shoot 

 Zn Cu Fe Mn Zn Cu Fe Mn 

 --------------------------------------------------(mg kg
-1

)--------------------------------------------- 

Control  FA0 42.3 A 6.4 C 660 A 91.8 A 22.20 2.90 238 45.83 

Foliar    FA1 40.1 B 7.2 B 645 B 81.9 B 31.83 4.27 457 70.93 

Foliar    FA2 40.1 B 7.1 B 625 C 76.5 C 28.93 4.10 542 64.43 

Foliar    FA3 28.4 C 7.6 B 483 D 76.2 C 26.60 3.70 564 68.57 

Foliar    FA4 24.4 D 8.3 A 482 D 36.9 D 24.20 4.53 457 88.30 

CV (%) 12.56 8.45 13.45 14.08 10.13 9.23 12.13 10.70 

LSD at P≤ 0.05 0.244 0.092 14.00 0.84 NS NS NS NS 

 

The Mn concentration of diagnostic leaves decreased with the application of FA and it was the minimum at 

FA4, hence decreased antagonistically with increased FA rate. In contrary to leaf concentration the Mn content of 

shoot increased with increase in FA rate and the maximum Mn was recorded in with FA4 treatment as compared to 

control. 

Leaf protein contents increased with the use of FA and the maximum were recorded at FA3 and declined in 

FA4 (Figure 5). Activation of several biochemical processes results in an increase in enzyme synthesis and 

consequently protein contents. During these metabolic changes increases in the concentration of several important 

enzymes like catalases, peroxidases, diphenoloxidase, polyphenoloxidases, and invertase that activate the formation of 

both carrier and structural proteins23. 

 
Fig-6: Effect of FA on chlorophyll 
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Fig-7: Effect of FA on protein content of tomato plant 

 
3.3 Discussions 

3.3.1 Effect of FA on Yield and its Components of Tomato 
FA application increased the height of tomato plant positively due to its stimulating effect on plant growth. The 

biological yield of tomato increased positively by the foliar application of FA but only up to FA2. Higher rates of FA 

stimulated growth and plant grew obnoxiously which effect fruit formation. This could be ascribed to ligand effect 

that FA application at higher rate complexed metal ions hence making it less available to plant roots and reduced plant 

uptake. These findings are supported by earlier research on the ligand potential of FA on micronutrients. The trend of 

tomato response to applied FA regarding dry weight and harvest index was more or less similar to that of biological 

yield. This is because that FA has relatively smaller molecular size and it readily entered in plant system and traveled 

from leaves to other plant parts24, FA is key ingredient in high quality foliar fertilizers. Foliar spray of FA at specific 

plant growth stages entered into the plant system by absorption, chelated mineral elements and carried them to the 

metabolic sites in the plant cells where metabolic activities were in progress, it took part in the photosynthesis as well 

as in translocation of photosynthates to the sink. 

Similarly, the effect of FA on chlorophyll content and plant height were also positively affected and its 

application at the higher rates depressed chlorophyll contents which indicated that at 300 mg/l would be adequate for 

optimum chlorophyll contents. This in turn accelerated energy metabolism and photosynthetic activities. Chlorophyll 

within plant leaves was more pronounced when FA was applied as foliar FA1 and FA2 such as at lower concentration 

as were reported by Sladky25. The plant geometry were also affected and plants applied with FA as FA1and FA2 

gained symmetrical geometry whereas the plants grown in pots applied with FA3 and FA4 were of odd in geometry, 

indicating that the appropriate rate  for optimizing the growth stimulation is FA1 and FA2. The polynomial equation 

showed that 1 mg/l applied foliar FA increased corresponding biomass by 1.2 g, with intercept of 472; dry weight by 

123 mg with intercept of 44.6; fruit weight by 2.0 g with intercept of 92 (Table 6). Similarly the harvest index 

increased by 0.11% with intercept of 11.51 with applied one mg FA. Unfractionated HAs are the most effective in 

regulating plant growth hormones. HSs also influence other enzymes involved in growth regulation. When the activity 

of growth regulators is maintained within plant tissues, plant metabolism remains functional and normal growth 

processes continue to occur5. 

 
Table-6: Regression equation and coefficient of determination showing quantified effect of FA on yield components of tomato 

Parameter Regression  equation R
2
 

Tomato plant fresh weight -45.14x2 + 271.71x + 244.62 0.909 

Fruit weight -5.5119x2 + 35.092x - 20.662 0.914 

Tomato plant dry weight -0.8342x2 + 5.1187x + 5.1804 0.870 

Harvest index -7.3696x2 + 44.698x - 11.13 0.940 

 

3.3.2 Effect of FA on Nutrient Composition of Tomato 
Decreasing trend of shoot N was due to translocation of N from root towards leaves and even tomato fruits as it was 

obvious from higher concentration in FA treated leaves (Table 4). This effect was different in case of P which 

increased both in the leaves and shoot at lower solublization and uptake at high concentration. Similar might be the 

case for K uptake and translocation. The presence of HSs substantially increased effective assimilation of all mineral 

nutrient elements. Humate was tested on barley along with NPK; it improved crop growth and decreased the use of 

mineral fertilizer27. The tests on wheat showed that one-way use of N fertilizer on wheat crop did not have positive 

effect on the crop, while its use along with humates and super phosphate achieved an expected positive effect28. The 

positive process of N assimilation occurs due to an intensification of the ion-exchange processes, while the negative 

processes of NO3 formulation decelerates. Potassium assimilation accelerates due to a selective increase in the 

penetrability of cell membranes. As for P, humates bind ions of Ca, Mg, Fe and Al first, which prevents the formation 
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of insoluble PO4. That is why the increase of humate content leads to an increase of the plant’s P consumption24. It 

shows that micronutrients such as Mn, Cu and Zn uptake increased in the presence of FA mainly through chelating 

effects. 

 

4. CONCLUSION 
Based on the results of study it is concluded that use of FA as foliar spray with low concentration (150-300 mg/l) will 

be helpful for nutrient absorption, stimulation of plant growth, biomass production, reduce the nutrient losses and 

ultimately improved crop productivity. 
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ABSTRACT 
In this investigation, titanium oxide plates were used as cathode for hydrogen production in the aqueous solutions of sulfuric 

acid, potassium hydroxide, acetic acid and ammonia hydroxides electrolytes separately. Gaseous hydrogen was produced at the 

cathode and oxygen at the anode. For this purpose, titanium plates were fabricated in acid solution by anodic oxidation. 

Microstructure of TiO2 nanorod observation was conducted with scanning electron microscopy (SEM). The effects of operating 

conditions and the electrochemical test parameters, such as electrolytes concentration, temperature, and cell voltage were 

investigated. Also the performance of TiO2 cathode was compared to zirconium oxide and graphite electrodes. The results show 

that the highly rated, hydrogen production performance on TiO2 cathode has better than the other electrodes. The maximum rate 

of hydrogen production is by TiO2 cathode 8.18 ml/ (h. cm
2
). The cell efficiency for water electrolysis was reached 95% using 

titanium oxide electrode in 1.5 M H2SO4. 
 

Keywords: hydrogen, electrolytic oxidation, titanium oxide 

 
1. INTRODUCTION 
Hydrogen is generated by many methods, using reforming of fossil fuels

1-3
, photo electrolysis from water splitting

4,5
, 

thermo chemical processes
6-13

 biophotolysis
14-18

, magnetolysis
19-21

, radiolysis
22-24

, etc. 

Development of photoactive structures has been used to production of hydrogen from water splitting. TiO2 
is regarded as one of the most useful photocatalysts due its broad functionality, long-term stability and non-toxicity, 

since its properties were first reported by Honda and Fujishima
25

. The TiO2 different in morphology has been 

investigated for hydrogen generation
26-29

. The authors have employed anodic oxidation to immobilize TiO2 on the 

surface of titanium and its allows. It has been demonstrated that the rutile-structured TiO2, when prepared in 

the high concentration sulfuric acid electrolyte. TiO2 is a semiconductor with a wide band gap (anatase, 3.2 eV; 

rutile, 3.0 eV) and acts as a photocatalyst only under UV light. However natural solar light contains only a few 

percent of its total energy in this region
30-33

. In order to activate the photocatalysts to visible light, it is necessary to 

change the electronic structure to give a band gap which corresponds to visible light. Doping is an effective method 

of modifying the electronic structure of TiO2 , and metal doping has been extensively reported
34-49

. 

 In the present study, we were prepared titanium oxide electrodes by anodic oxidation in a sulfuric acid 

electrolyte. The anodic oxidation for titanium plate was doped by the composition of various electrolytes. Thus was 

controlled band gap of the oxide. The cathode electrodes are fabricated with TiO2, ZrO2 and graphide nanorods. 
 

2. EXPERIMENTAL 
 

2.1 Preparation and characterization of TiO2 electrodes 
The lab-made electrochemical cell that has two separate compartments connected each other was manufactured for 

hydrogen generation. Potentiostat and two electrodes were used for electrolysis. Voltage was supplied to the 

electrodes by DC power source. Titanium plates with dimensions of 2.0 cm × 5.0 cm × 0.1 cm were prepared. It 

was polished using SiC grinding paper and rinsing in ethanol and drying in air. Pt electrode was used, 1.5 cm long 

and 0.25 cm in diameter, as cathode. The distance between electrodes was set as 5.0 cm. The anodic oxidation 

was made in a sulfuric acid ranging from 0.5 to 3.0 mol l
-1 with a current density of 50 mA/cm

2 for 1.0 h. With 

applied voltage between the titanium plates and Pt were made an anodic oxidation. 

The anodisation voltage was applied from 1.00 to 10.00 V in the electrochemical bath. The solution 

temperature was kept at 25
o
C and stirred with a stirring bar. The anodized oxide titanium was rinsed with distilled 

water and then dried at room temperature, Microstructure observation was conducted with scanning electron 

microscopy (Jeol JSM 5410 LV,) at an operating voltage of 20 kV and 500 nm. 

 

2.2 Electrochemical measurements 

 

2.2.1 Effect of electrolytes on anodic oxidation 
The test  solutions  were prepared with potassium hydroxide, acetic  acid and ammonia hydroxides as electrolyte 

concentration of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 M. The titanium plate was made the anodized oxide with applying 

10 V. The temperatures of solutions were controlled by digital hot plate with stirrer. The SEM images of 

nanorods grown on three different electrolytes are shown below in Fig-1. 
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Fig-1: SEM images of anodic oxides prepared in an electrolytes of (a) sulfuric acid, (b) potassium hydroxide, (c) ammonia 

hydroxides and (d) acetic acid at, their concentration of 1.5 M 
 

2.2.2 The production of Hydrogen 
The anodized oxide titanium was used for cathode electrode and a Pt electrode was used as an anode. The 

generation of hydrogen was made in a sulfuric acid electrolyte ranging from 0.5 to 3.0 M with a current density of 

50 mA/cm
2 for 90 min. All the hydrogen gas evolving at the cathode was collected in the burette displacing the 

electrolyte level. The production rate of H2 of cathode surface was found to the current density supplied to the 

cathode. 

 

2.2.3 Effect of electrolyte on hydrogen production 
Effect of electrolyte was investigated. For this purpose, test solutions were prepared with potassium hydroxide, 

acetic acid and ammonia hydroxides range of 1.0 to 3.0 M concentration. The anode of Pt electrode and cathode 

of the anodized oxide titanium plate was used. 

 

2.2.4 Gas collection 
Gaseous hydrogen was produced at the cathode and oxygen at the anode. Gas generated by cathode under constant 

voltage for 90 min of electrolysis was collected with an electrolyte replacement device. An electrolyte was used 10 

vol% pyrogallol, as. Collected gas in the burette was displaced the electrolyte. The volume of hydrogen gas was 

measured by reading the electrolyte level in the burette at regular intervals. 

 

2.2.5 Comparison of cathode electrodes 
The rate of hydrogen production was made of two kinds cathodes. One of them zirconium plate was prepared to 

dimensions of 2.0 cm × 5.0 cm × 0.1 cm. It was polished using SiC grinding paper and rinsing in ethanol and 

drying in air. The anodic oxidation was made in a sulfuric acid electrolyte for 1.5 M with a current density of 50 

mA/cm
2 for 90 minute. The voltage was applied to 10 V into the electrochemical bath. The solution temperature was 

kept at 25
o
C and stirred with a stirring bar. The anodized oxide zirconium was used for a cathode and a Pt was used as 

anode for the production of hydrogen. 

Other was selected graphite as cathode. It was prepared dimensions of 2.0 x 5.0 x 1.0 cm and then cleaned by 

ethanol and deionized water. 

All the tests were performed with same conditions. Hydrogen generation rate and its efficiency were 

investigated with ZrO2 and graphite electrodes. 

 

3. RESULT AND DISCUSSION 

 

3.1 The effect of electrolytes on anodic oxidation 
At the beginning of anodisation, the voltage was limited. When voltage was increased stepwise, was reached 

anodisation voltage. More pore structure was observed increased voltages. The oxide layer was produced at 10 V. 
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The color of the anodized surface was varied with the concentration of sulfuric acid in the electrolyte. The color of 

the anodized surface was changed to dull gray in the electrolyte of 0.5 M sulfuric acid aqueous solution. Dull violet 

and dark violet colors were observed in 1.0 M and 3.0 M sulfuric acid aqueous solution, respectively. The 

pores increased with increasing sulfuric acid concentration. The surface roughness was increased with increasing of 

acid concentration. The sulfur was doped into anodic oxide
50

. The amounts of doped sulfur can be controlled with 

the sulfuric acid concentration in the electrolyte. 

 Effect of electrolytes on anodized oxide of titanium plate was investigated. The tests were made potassium 

hydroxide, acetic acid and ammonia hydroxides solutions of concentration from 0.5 M to 3.0 M. The SEM 

observation (Fig-1) shows the microstructures in the anodized oxides prepared in above solutions for concentration 

of 1.5 M. At the potassium hydroxide concentration of 3 M, it was observed increase of at the pores on the 

surface. As increased of concentration of ammonia decrease the pore on electrode surface. Using an electrolyte 

acetic acid was almost observed no change. The porous structures were provided exit paths for the gas generated at the 

electrodes. The excess oxygen in the inter spaces of the p-type oxide semiconductor was received electrons from 

neighboring metal ions and become O
- 
(or O

2-
), with a positive hole getting associated with this metal ion. The holes 

oxidize water and oxygen is evolved. The transfer of electrons from the particle surface to water, so that hydrogen is 

evolved. The reaction is 

 

2h+ + H2O  2H+ + ½ O2 

 

The  protons  move  towards  the  cathode  where  they  combine  with  electrons  to  generate hydrogen gas. Another 

approximation is the transfer of electrons from the particle surfaces to water, so that hydrogen is evolved according to 

the reaction51. 

 

2e- + 2H2O  2OH- +H 2 

 
3.2 The relationship between cell voltage and current density 
The overpotentials were reduced to increase the optimum current density. The electrode overpotantial was 

minimized by selecting TiO2 electrode that is high electro catalytic activity. The relationship between cell voltage 

and current density was given in Figure 2 for 1.5 M H2SO4 and 1.5 M KOH. The electrolysis cell’s I-V results were 

observed to depend on the electrolyte concentration. It is seen that, at the cell voltage ranging from 0 to 10 V, 

current density of an alkaline electrolyte (KOH) is lower than from acidic electrolyte (H2SO4). When the 

applied voltage was increased, the current increased so that hydrogen generation rate increases. It is seen that the 

current density increased with concentration of H2SO4, as well. The current density was 0.226 mA/cm
2
. 1.5 M H2SO4 

exhibited the highest current and was more suitable than others electrolyte. Therefore, 1.5 M H2SO4 electrolyte was 

used the water splitting. 

 

 
Fig-2: The relationship between cell voltage and current density in 1.5 M H2SO4 and 1.5 M KOH solutions 

 

3.3 Operating time 
Fig-3, shows that I-t curves at 1 V for 1.5 M H2SO4 and 1.5 M KOH electrolytes. It is seen from Fig-3. The 

current density was increased with increasing time. However, after the 90 minutes, current density was almost at 

the same level. So, at this experiments were used for electrolysis time 90 minutes. 

For the first 30 minutes every two electrolytes is almost no generation of hydrogen at the cathode. After 

30 minutes electrolysis in electrolytes, the gas of anode and cathode was collected, and current density was 

calculated the amount hydrogen for 90 minutes both of acidic and alkaline electrolytes was calculated as 25.6 mg 

and 20.4 mg, respectively. 
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The production rate of H2 on cathode surface was found to be directly proportional to the current density 

supplied to cathode. Average current density was obtained for each electrolyte by the current-time curves. 
 

 
Fig-3: The relationship between current and time at 1 V for 1.5 M H2SO4 and 1.5 M KOH electrolytes 

 

3.4 The effect of electrolytes on the efficiency of hydrogen production 
For hydrogen production from water, the conductivity of water was increased by the addition of acids and alkalis. By 

offering high ionic concentrations, electrical resistance was decreased. The effects of sulfuric acid, potassium 

hydroxide, acidic acid and ammonia hydroxide on cathode hydrogen evaluation were investigated. The hydrogen 

production rate was affected the electrolyte concentration. Fig.4 shows that the electrolytic cell efficiency for water 

splitting in various electrolytes concentration. It is seen that, by increased the ammonia concentration from 0.5 to 3.0 

M, decreased the electro activity of the electrode for hydrogen evolution reaction, so that decreased in cathode 

current density. The cell efficiency was increased in 1.0 M KOH aqueous solution. By increasing concentration 

of KOH was decreased the electrolytic cell efficiency. Changing concentration of acidic acid was not effected 

on the electrolytic cell efficiency. Results of shows that produced of H2 were achieved by efficiency of 95% in 

1.5 M H2SO4. 

The production rate of H2 of cathode surface was found to be kind of electrolytes is that due to ion 

conduction in the electrolyte. 

 
Fig-4: The electrolytic cell efficiency for water splitting in various electrolytes as H2SO4, KOH, NH4OH and CH3COOH range 

of concentration 0.5 to 3.0 M 
 

3.5 Comparison of cathode electrodes 
Hydrogen generation was made using zirconium oxide and graphite electrodes as cathode, also. The results are 

given in Figure 5 and Figure 6 for zirconium oxide and graphite electrodes, respectively. 

Efficiency of the hydrogen was found 88.56%, 75.04%, 51.28%, and 32.05% using electrolytes of 

sulfuric acid, potassium hydroxide, acetic acid and ammonium, for zirconium oxide as electrode, respectively 

Efficiency of the hydrogen was found 3.74%, 2.96%, 2.17%, 2.38%, using electrolytes of sulfuric acid, 

potassium hydroxide, acetic acid and ammonium for graphite electrode, respectively. 

Compared with these electrodes of titanium oxide electrode, the efficiency of hydrogen was found 95 % for sulfate 

acid, 87.32%, for potassium hydroxide. The results are given in Figure 7. 
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Fig-5: Comparison of the efficiency (%) of hydrogen for zirconium oxide electrode 

s 
Fig-6: Comparison of the efficiency (%) of hydrogen for graphite electrode 

 

 
Fig-7: Compared to three electrodes titanium oxides, zirconium oxides and graphite in sulfate acid and potassium hydroxide 

 

4. CONCLUSION 
In this study, we have developed electrochemical hydrogen production using the semiconductor cathode in strong 

acidic electrolyte. The anodic oxidation for titanium plates were made by various concentrations of acid and 

alkaline electrolytes. The best realized electrolyte for anodic oxidation become in 1.5 M H2SO4. TiO2 electrode was 

used as cathodes for acidic electrolytes, because of has high catalytic activity with high corrosion resistance. It has 

been shown to be electrolyzed high-performance. Optimum stabilities of TiO2 were obtained with an 

anodisation voltage of 10 V.  The conductivity of this electrolyte was decreased with increasing temperature 

therefore operating temperature was kept 25
o
C. 

The various electrode materials were investigated ZrO2 and graphite for hydrogen production. The best 

efficiency for photoelectrolysis of water was detected in TiO2. 

Compared with these electrodes to TiO2, hydrogen production rate was increased by 95%. The maximum rate 

of hydrogen production was reached 8, 18 ml/h x cm
2 by using the n-type TiO2 electrode. 
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ABSTRACT 
The kinetics of Hg (II) catalyzed oxidation of D-Arabinose (Ara) and D-Mannose (Man) by potassium permanganate in acidic 

medium have been studied spectrophotometrically in the temperature range 30-50oC. The reactions exhibit first order kinetics with 

respect to [Man] and [MnO4
-] while second order with [Ara]. The reaction rates were found to be unaffected by the change in 

[H+]. It has been observed that Hg (II) catalyzed the reaction but as the [Hg(II)] increases, reaction rate becomes independent. 

Negligible effect of ionic strength (μ) on the rate of oxidation has also been noted which supports the presence of at least one 

neutral specie in the rate determining step. The rate of oxidation was influenced by the change in temperature. Various activation 

parameters have been calculated. Formic acid and erythronic acid were identified as main oxidation product in case of arabinose 

while for mannose formic acid and arabinonic acid were identified. A mechanism consistent with the above findings has also been 

proposed. 

 

Keywords: Permanganate ion, D-Mannose, D-Arabinose, H2SO4, Catalyst 

 
1. INTRODUCTION 
The biological and economic importances of the carbohydrates and especially the monosaccharides and disaccarides 

have been largely responsible for the interest in the study of their bio- and physiochemical properties and reactivities 1. 

The literature offers numerous information about the oxidation of sugars by a variety of oxidants 2-5  in both acidic and 

alkaline media. The reports are also available on catalyzed oxidation of reducing sugars using the transition metals 

such as, Ru(III), Rd(III), Mn(II), Fe (III),and Pb (II)/ Hg(II)6-10 as catalysts. 

Potassium permanganate (KMnO4) is one of the most versatile oxidant that has been used to oxidize variety of 

compounds like sugars1,11,12 , Nicotine13, acetanilide14, malachite green15 etc. Considering the biological importance of 

carbohydrate and rare information on Hg (II) as catalyst, this research has been designed.The aim of this work is to 

investigate the kinetics of oxidation of D-arabinose and D-mannose by potassium permanganate and the effect of Hg 

(II) upon the reaction rate in sulphuric acid medium leading to the development of reaction mechanism. 

2. EXPERIMENTAL 
The stock solutions for kinetics investigation were prepared in conductivity water. D-Mannose, D-Arabinose, 

potassium permanganate, sulphuric acid and potassium nitrate used were of   AR quality (Merck and BDH). The 

reaction was studied on thermostat ( 1).The rate of reaction was followed by recording the optical density of KMnO4 

as a function of time on visible spectrophotometer (WBA UK.). The rate constants were calculated from the slope of 

log [concentration] versus time plots. The ionic strength was maintained throughout the experiments at 0.01 mol dm-3 

by adding KNO3 solution. 

 

3. STOICHIOMETRY 
Varying [MnO4

-] and [Sugar] ratios were equilibrated at room temperature for 12 hrs with conditions [MnO4
-] >> 

[Sugar]. Estimation of residual [MnO4
-] in different sets showed that 1 mol of each sugar i.e. Ara and Man consumed 

2moles of MnO4
-. Following stoichiometric equations could be established. 

 

C5H10O5 + 2MnO4  
                         HCOOH + C4H8O5  + 2MnO3

H+/Hg+2

 
                                        Arabinose                                       formic acid       Erythronic acid 

C6H12O6 + 2MnO4                            HCOOH+ C5H10O6  + 2MnO3
H+/Hg+2

 
                                        Mannose                                         formic acid       Arabinoic acid 

 
The products of oxidation like formic, arabinoic and erythronic acid were identified by TLC and by conventional spot 

test methods10. 
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3. RESULT AND DISCUSSION 
Kinetics study of oxidation of D-Mannose D-arabinose with KMnO4 has been carried out spectrophotometrically in 

acidic medium at constant ionic strength maintained by KNO3. The reaction was followed by change in optical density 

of KMnO4 in reaction mixture at λmax 545nm. The rate constants are calculated from the slope of the plot of ln Ao-A∞ / 

Ao-A∞ Vs time. The rate data was obtained in the form of pseudo-first order rate constant (kobs) under varying kinetics 

conditions. 

 
Table-1: Observed values of pseudo-first order rate constants in the oxidation of Arabinose by Permanganate ion 

[KMnO4  ] x10
-4

 mol/dm
3
 [Arabinose ] ×10

-3 
mol/dm

3
 

[H2SO4  ]  ×10
-1

                                                           

mol/dm
3
 

k  ×10
-3

 s
-1

 

1 1 5 1.1 

1.5 1 5 1.1 

2 1 5 1.2 

2.5 1 5 1.3 

3 1 5 1.4 

1 1 5 0.06 

1 1.5 5 1.5 

1 2 5 2.9 

1 2.5 5 3.9 

1 3 5 5.3 

1 1 5 1.1 

1 1 6 1.0 

1 1 7 1.2 

1 1 8 1.2 

1 1 9 1.0 

[HgCl2] = 1×10-3 mol dm-3 and [KNO3] = 1×10-3 mol dm-3 

 

Table-2: Observed values of pseudo-first order rate constants in the oxidation of Mannose by Permanganate ion 

[KMnO4  ] x10
-4

  mol/dm
3
 [Mannose ] ×10

-3
 mol/dm

3
 

[H2SO4  ]  ×10
-1

                                                           

mol/dm
3
 

k  ×10
-3

 s
-1

 

1 1 5 0.09 

2 1 5 1.0 

3 1 5 1.5 

4 1 5 2.2 

5 1 5 2.6 

1 1 5 1.3 

1 2 5 1.5 

1 3 5 1.6 

1 4 5 1.8 

1 5 5 2.0 

1 1 1 1.1 

1 1 2 1.5 

1 1 3 1.6 

1 1 4 1.7 

1 1 5 1.8 

[HgCl2] = 1×10-3 mol dm-3 and [KNO3] = 1×10-3 mol dm-3 

 

Table-3: Effect of Catalyst in the oxidation of Arabinose and Mannose. 

[HgCl2  ] ×10
-3

  

mol/dm
3
 

k ×10
-3

 .  s
-1 

Arabinose 

k ×10
-3

 .  s
-1 

Mannose 

1 1.1 0.09 

2 1.5 1.1 

3 1.7 1.1 

4 1.8 1.4 

5 2.0 1.4 

[KMnO4] =1×10-4 mol dm-3 , [Mannose] =1×10-3 mol dm-3 ,[Arabinose] =1×10-3 mol dm-3 [H2SO4] = 0.5 mol dm-3 
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Table-4: Effect of salt in the oxidation of Arabinose and Mannose 

[KNO3 ] ×10
-3

 

mol/dm
3
 

k ×10
-3

 .  s
-1 

Arabinose 

k ×10
-3

 .  s
-1 

Mannose 

1 1.1 3.3 

2 1.2 3.2 

3 1.2 3.2 

4 1.1 3.2 

5 1.2 3.2 

[KMnO4] =1×10-4 mol dm-3 [Mannose] =1×10-3 mol dm-3 [Arabinose] =1×10-3 mol dm-3 [H2SO4] = 0.5 mol dm-3 

 
Table-5: Effect of temperature on the rate constant and values of Activation Parameters 

Parameters Temperature (K) Arabinose Mannose 

k (10-3 s-1) 303 1.1 2.6 

k (10-3 s-1) 308 1.2 2.3 

k (10-3 s-1) 313 1.3 4.5 

k (10-3 s-1) 318 1.4 6.0 

k (10-3 s-1) 323 1.5 6.0 

Ea(kJ mol) 303 12.75 42.9 

H#(kJ mol) 303 9.96 49.13 

S# (J mol) 303 -268 -162 

G# (kJ mol) 303 81.21 49.13 

[KMnO4] =1×10-4 mol dm-3 [Mannose] =1×10-3 mol dm-3  [Arabinose] =1×10-3 mol dm-3  [H2SO4] = 0.5 mol dm-3 [HgCl2] = 1×10-3 

mol dm-3 [KNO3] = 1×10-3 mol dm-3 

 
3.1 Effect of Variation of Substrate Concentration 
The oxidation of arabinose and mannose were studied at various initial concentrations of arabinose (1x10-3-3x10-3 

mol/dm3) and mannose (1x10-3-5x10-3 mol/dm3) by keeping [oxidant], [H+], [salt] and temperature constant. The 

values of pseudo first order rate constant was increased as the [substrate] increased (Tab. 01&02). It was observed that 

the rate constant increases very rapidly for arabinose as compare to that of mannose i.e. exhibiting slower kinetics by 

mannose as observed earlier16 .This is also evidenced by the plot of kobs against [substrate] (Fig.01).The order of 

reaction n, evaluated from the plot of logk vs log [substrate] found to be 1.99 and 0.792 for the oxidation of arabinose 

and mannose respectively (Fig.02).  
 

 

Fig-1: Plot of [substrate] against k 

 

 

Fig-2: Plot of log[substrate] against logk 
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3.2 Effect of Variation of Oxidant Concentration 
The effect of varying [MnO4

-] (1x10-4 - 2.5 x10-4 mol/dm3 for arabinose and1 x10-4-5 x10-4 mol/dm3 for mannose) was 

investigated by keeping other parameters constant. It was observed that rate of oxidation was increased as the [MnO4
-] 

increases i.e. oxidation rate is directly proportional to [MnO4
-]1,11,12 (Tab. 01&02). A plot of kobs against [MnO4

-] was 

linear (Fig.03) and the value of n was 0.692 and 1.054 with arabinose and mannose respectively (Fig.04). 

 
Fig-3: Plot of [MnO4

-] against k 

 

 

Fig-4: Plot of log [MnO4
-] against log k 

 

3.3 Effect of Variation of [H+] Concentration 
The effect of varying [H+] (0.5-0.9 mol/dm3 H2SO4 for arabinose and 0.1-0.5 mol/dm3 H2SO4 for mannose) was 

investigated by keeping other parameters constant. All the sets of experiment were performed at constant ionic 

strength maintained by the addition of 1 x10-3 mol/dm3 KNO3 An increase in the concentration of H2SO4  accompany 

an insignificant change in the values of rate constants (Tab. 01&02). This is also evidenced by Fig.05 & 06 that the 

reactions are acid independent.  

 

Fig-5: Plot of [H+] against k 



Naz et al, 2014 

 

120 

 

Fig-6: Plot of log [H+] against log k 

 
3.4 Effect of Variation of [HgCl2] Concentration 
To determine the influence of catalyst HgCl2

1, reactions were investigated at different concentrations (1 x10-3-5 x10-3 

mol/dm3) by maintaining 1×10-4 mol dm-3 KMnO4, 1×10-3 moldm-3 Mannose, 1×10-3 moldm-3 Arabinose 0.5 moldm-3 

H2SO4 and 1x10-3 moldm-3 KNO3. It was noted that reaction was enhanced by adding HgCl2 as compare to the earlier 

work 16 but pseudo first order rate constants were independent of its changing concentrations (Tab.03, Fig. 07 & 08). 

 

Fig-7: Plot of [HgCl2] against k 

 

Fig-8: Plot of log [HgCl2] against log k 

 
3.5 Effect of Ionic Strength  
The effect of changing ionic strength on the reaction rate was studied by the addition of KNO3                                                         

(1 x10-3-5 x10-3 moldm-3) by keeping [KMnO4], [sugars], [acid] and temperature constant. An insignificant change 

was observed on the values of rate constant (Tab.04) suggesting at least one neutral molecule in the rate determining 

step. A plot of logk vs. √µ was also linear with zero slope (Fig.09). 
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Fig-9: Plot of logk against √µ 

 

3.6 Effect of Temperature 
The reaction of oxidation of both sugars was studied at different temperatures (30, 35, 40, 45 and 50 oC) to compute 

various activation parameters like Ea, ΔH#, ΔS# and ΔG#. The values of rate constant and activation parameters are 

reported in Table.05. A linear Arrhenius plot of logk versus 1/T (Fig.10) was used to calculate energy of activation, Ea 

which is 12.75 KJ/mol and 42.9 KJ/mol for Ara and Man respectively. The greater value of Ea for Man indicates 

higher energy barriers due to which it reacts slowly as compare to Ara. This is also confirmed by the values of ΔH#, 

9.96 KJ/mol for Ara and 42.13 KJ/mol for Man evaluated from the plot of ln(k/T) against 1/T (Fig.11).The high 

negative values of ΔS# suggest the formation of highly solvated activated complex with the reduction of degrees of 

freedom of molecules. 

 

Fig-10: Plot of logk against 1/T 

 

 
 

Fig-11: Plot of ln(k/T) against 1/T 
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4. REACTION MECHANISM 
On the basis of the results the following mechanism is proposed for the reaction9 of arabinose: 

 

-d[MnO4 ]    = k1[RCHO]2[MnO4]

     dt  

RCHO +MnO 4 
- + H+                        [ RCHO----MnO4 ]

                                                              Complex

k1

k2
 

[Complex]                 [Product]
k3

slow  
where k1 and k2 represent the rate constant in the forward and reverse direction and k3 is the rate constant of the 

formation of product. Rate of formation of complex will be given as: 

 

d[Complex]  = k1[RCHO] 2[MnO4] - [k2 - k3][Complex]

     dt  
 
At steady state, 
 

d[cmplex] = 0
       dt  

 
From eqn. 1 and 2 concentration of complex comes out to be:  

 

k1 [RCHO]2[MnO4]

       k2 + k3

d[Complex]  =
    dt  

At steady state rate of disappearance of MnO4
– may be: 

 

-d[MnO4 ]    = k 3[Complex]

     dt
 

or 

-d[MnO4 ]    = k1 k3 [RCHO]2[MnO4]

     dt                  (k1+k2)  
Now the total [MnO4

-
] may be considered as: 

 

[MnO4]T = [MnO4] + [Complex]
 

By putting the value of complex: 

= [MnO4] + k1 [RCHO]2[MnO4]

                               k2 + k3  
from eqn. 7 the value of [MnO4

–] comes out: 

 

= ( k2 + k3 ) [MnO4]T

    (k2 +k3)+k1[RCHO]2
 

The final rate law from 5 to 8: 

-d[MnO4 ]    = k1 k3 [RCHO]2(k2 + k3)[MnO4]T

     dt                 {(k2+k3)+k1[RCHO]2} (k2 +k3)  
=   k1 k3 [RCHO]2[MnO4]T

    (k2+k3)+k1[RCHO]2
 

In present experimental conditions, 

(k2 + k3)  > k1[RCHO]2
 

1 

2 

6 

3 

4 

5 

7 

8 

9 

10 
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Hence above equation reduces to: 

-d[MnO4 ]    =    k1 k3 [RCHO]2[MnO4]T

     dt                             k2 +k3  
or 

-d[MnO4 ]    = k [RCHO]2 [MnO4]T

     dt
 

Where, 

k = k1k3 / k2+k3 

 
The above equation indicates second and first order kinetics with respect to arabinose and permanganate ion 

concentration respectively. 

 

For mannose the rate expression becomes: 

 

-d[MnO4 ]    = k [RCHO] [MnO4]T

     dt
 

Therefore, the reaction of mannose follows first order kinetics with respect to mannose and permanganate ion 

concentration respectively. 
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ABSTRACT 
The influence of a series of organic solvents on the UV spectra on some selected bis-Schiff base derivatives has been studied in a 

number of organic solvents with diverse polarities. As a part of our efforts to interpret the effects of solvent polarity and hydrogen 

bonding on the absorption spectra of previously synthesized bis-Schiff base derivatives, the study design was based on the linear 

solvation energy relationship (LSER) concept using Kamlet-Taft solvatochromic parameters: π*, α and β. 

Correlation of spectroscopic data was carried out by means of multiple linear regression techniques. The fitting coefficient 

obtained from this analysis allows estimating the contribution of each type of interactions relative to total spectral shifts in 

solution. The dependence of ( max) on the solvent parameters indicated that the obtained bands were affected by specific and non-

specific solute-solvent interactions. 
 

Keywords: Bis-Schiff Bases, Solvatochromism, Multiple linear regressions, Solvent parameters 

 
1. INTRODUCTION 
Compounds containing azomethine group (  C=N  ) in their structures are known as Schiff  bases that forms an 

important class of organic compounds with a wide range of biological applications. Literature review of these 

compounds revealed that many studies have been reported regarding the biological activities of these compounds but 

their solvatochromic comparisons, physiochemical properties and reactivity parameters have been studied 

considerably less so far. In order to characterize solute-solvent dipolar interactions, we chose to use the Kamlet-Taft 

* scale because this methodology is experimentally one of the most well founded scales of solvent strength1. 

In this paper we have reported the solvatochromic behavior of some carefully selected bis-Schiff base 

derivatives and the study is a continuation of our previous work2. Solvent-solute interactions were investigated using 

linear solvation energy relationships concept, proposed by Kamlet and Taft, i.e.  = 0 + s * + b  +  a   where  is 

solvent hydrogen-bond donor acidity,  is the scale of solvent hydrogen-bond acceptor basicity and * is measure of 

dipolarity/polarizability. 

Solvation effects on the reactivity and the absorption spectra of organic molecules have been extensively 

studied for decades. Many workers have found that the absorption and emission spectra of organic molecule are 

frequently modified i.e. the intensity, shape and maximum absorption wavelength of the absorption band. This photo-

physical of the molecule being studied is derived by the nature of its environment3-4. The UV–Visible spectrum is 

changed by nonspecific interactions like ion-dipole, dipole–dipole interaction, and induced dipole-dipole interactions 

or by interactions such as hydrogen bonding5-6. The modifications derived by the solvent in the spectra of molecule 

can render valuable evidences on the local electric field acting on the molecule7. 

It is obvious that polar solvents produce broad bands, non-polar solvents show more resolution, though 

completely removing the solvent gives the best resolution8. This is due to solvent-solute interactions, solvent interacts 

with the solute both in its ground state and excited state through intermolecular bonding changing the frequency of 

absorbed photon9. This phenomenon causes many different transition energies that average together in the spectra 

causing peak-broadening. This effect of peak broadening is more prominent for polar solvent, less so for non-polar 

solvents, and absent when the solute is in vapor phase8,9,10. 

Efforts were made to develop some empirical relations between the spectral characteristics and the 

microscopic or macroscopic parameters of the solutions, the interactions in the condensed phase were theoretically 

described in some kinetic and cell models9-10. However, multiparameter solvent polarity scale for quantitative 

valuation of the solvent-solute interaction and the absorption shifts can be used to study the effect of solvent polarity 

on the absorption spectra that is interpreted by means of linear solvation energy relationship (LSER) i.e. Kamlet–Taft 

Eq(1)11 . 

 

Where: 

* is measure of dipolarity/polarizability12 

 is solvent hydrogen-bond donor acidity12 

 is the scale of solvent hydrogen-bond acceptor basicity12 

 

 = 0 + s * + b  +  a  …………. Eq(1) 
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A linear correlation was adopted to quantitatively evaluate the solvatochromic behavior between experimental spectral 

values max and solvatochromic variables *,  and  to assess their contributions to the solute-solvent interactions13. 

Chemical structures of studied bases are shown in Table-1. Spectroscopic Solvent polarity parameters (Kamlet–Taft 

Solvatochromic Parameters) are given in Table-2. 
 

Table-1: List of Bis-Schiff bases of isatin (Lu-01-Lu-08) 

Compounds Structures 

Lu-01 

N
H

O

N N

HC

HO
 

Lu-02 

N
H

O

N N

HC N

 

Lu-03 

N
H

O

N N

HC OH

 

Lu-04 

N
H

O

N N

HC

NO2

 

Lu-05 

N
H

O

N N

C
H

OCH3
HO

 

Lu-06 

N
H

O

N N

H
C

OH

OH

 

Lu-07 

N
H

O

N N

H
C

OCH3

OCH3

 

Lu-08 

N
H

O

N N

H
C

Cl

Cl

 
 

Table-2: Kamlet–Taft Solvatochromic Parameters 

Solvent   * 

Methanol 0.98 0.66 0.60 

Ethylacetate 0.00 0.45 0.55 

Acetone 0.08 0.43 0.71 

Tetrahydrofuran 0.00 0.55 0.58 

Chloroform 0.20 0.10 0.58 

Tetrachloromethane 0.00 0.10 0.59 
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2. EXPERIMENTAL 
2.1 Chemicals and Instruments 
Ultraviolet-Visible spectrums of these compounds were recorded on Perkin–Elmer Lambda-5 UV/Vis spectrometer. 

Pre-coated silica gel aluminum plates were used for thin layer chromatography (Kieselgel-60, 254 E. Merck-

Germany). Chromatograms were visualized by UV at 254 and 365 nm.  
 

2.2 General Procedure for the Synthesis of Bis-Schiff bases (Lu-01 to Lu-08) 
The synthesis of bis-Schiff bases derivatives was carried out by refluxing a mixture of 1g isatin and 10ml hydrazine 

hydrate for 20 minutes. This yields a yellow colored precipitates of monohydrazones that were washed and filtered 

using methanol. The bis-Schiff base derivatives were synthesized by condensing monohydrazone with different 

substituted aromatic aldehydes in 1:1 molar ratio in methanol by refluxing for 3-4h. On cooling, the crystalline powder 

of bis-Schiff base derivatives were filtered and washed with methanol and dried in vacuum. Recrystallization of these 

compounds (Lu-01 to Lu-08) from methanol produced pure crystals [2-14]. 

 
 

 

 

 

 

 

      
 

 

 

 
Eq.2: Diagramatic representation of different substituted Bis-Schiff bases of isatin 

 

2.3 UV-Visible Spectroscopy 
Solvation was done by preparing solutions of each compound in a series of organic solvents. Accurately 1.0 exp

-3 

molar solution of each ligand from Lu-01 to Lu-08 was prepared first in 25.0 ml volumetric flask and were further 

diluted to made solutions up to 1.0×10-5 M. UV-Vis spectrums were recorded and peaks were observed over a 

wavelength range of 300–800 nm. Quartz cuvettes (b = 1.0 cm) were used to record the UV-Vis Spectra of all 

solutions. 

 

3. RESULTS AND DISCUSSION 

 
3.1 Uv-Visible Spectrums 
Nearly all compounds showed significant solvatochromic behavior associated with large dipole moment changes 

during electronic transitions. The shift in the absorption maxima is resulted from the interaction between solute and 

solvent molecules which is in turn derived by the polarity of specific solvent. Visible spectrum of each compound was 

recorded at ambient room temperature using various organic solvents. The spectral data is summarized in Table-IV. 

The bathochromic shift in Lu-01, Lu-06 and Lu-07 was observed in CCl4, in case of Lu-02 and Lu-04 the shift 

was observed in chloroform. In case of Lu-03 and Lu-05 this shift was observed in methanol while in Lu-08 it was 

observe in acetone. Strong bathochromic were observed for all compounds which is a clear indication of intense guest-

host interactions between solvent and (-N=N-) of the molecule. Similarly hypsochromic shifts in Lu-01 and Lu-05 
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were observed in chloroform, in case of Lu-02, Lu-06, Lu-07 and Lu-08 it was observed in THF, while in case of Lu-

03 and Lu-04 it was observed in CCl4. Sometime the peaks doesn’t appear like Lu-01 and Lu-08 in chloroform, this 

may be due to dissociation of bases in chloroform. 
 

 
Fig-1(a): 

 
Fig-1(b): 

 
Fig-1(c): 

 
Fig-1(d): 

 
Fig-1(e): 

 
Fig-1(f): 
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Fig-1(g): 

 
Fig-1(h): 

 

Table-3: max of Electronic Absorption Spectra (cm-1) in different solvents. 

Solvents max (cm
-1

) 

Lu-01 Lu-02 Lu-03 Lu-04 Lu-05 Lu-06 Lu-07 Lu-08 

Methanol 29761.9 21413.2 26881.7 30674.8 28653.2 29440.1 26315.7 30674.8 

Ethylacetate 29850.7 21276.5 27027.0 30581.0 28653.2 29850.7 26315.7 30581.0 

Acetone 29940.1 21929.8 27855.1 30303.0 28653.2 29940.1 27027.0 29940.1 

Tetrahydrofuran 30030.0 21929.8 27624.3 30864.1 28653.2 31948.8 ---- 34129.6 

Chloroform ---- 21141.6 27247.9 30120.4 29154.5 30120.4 25706.9 ---- 

Tetrachloromethane ---- 21786.4 ---- 30864.1 28848.4 29761.9 25380.7 30395.1 
 

3.2 Multiparameter of Solvent Polarity and Solvatochromic Behavior   
The effects of solvent polarity and hydrogen bonding on the bis-Schiff base derivatives were interpreted by means of 

the linear solvation energy relationship using Kamlet–Taft Equation i.e. Eq. (1). The correlations of the spectroscopic 

data were carried out by means of multiple linear regression analysis using a software SPSS [15]. It was found that 

absorption frequencies for bis-Schiff base derivatives in solvents showed acceptable correlation with π*, β and α 

parameters. The results of the multiple regressions parameters and υmax are presented in Table-4 and coefficients νo, s, 

b and a have confidence intervals at a level of significance of 95%.  
 

Table-4: Solvent Independent Correlation Coefficient a, b, s of the Kamlet–Taft Parameters. 

Compound 0 s b a R-square F-statistic 

Lu-01 28640 977.2 1500 -461.9 0.99 0 

Lu-02 19490 3269 581 -484.4 0.55 0.80 

Lu-03 24720 4437 198 -636.5 0.84 1.74 

Lu-04 31680 -2163 608.7 -180.8 0.28 0.26 

Lu-05 29360 -490.3 870.9 198.3 0.80 2.68 

Lu-06 29630 680 -418.4 -281.6 0.61 0.54 

Lu-07 22400 5111 2348 -664 0.91 3.65 

Lu-08 32800 -4146 57.32 295 0.99 0 
 

Bis-Schiff derivatives showed moderate to strong solvatochromic behavior with large dipole moment changes during 

transitions between two electronic  states i.e. π to π*. The negative sign of b and s coefficient for Lu-04, Lu-05, Lu-06 

and Lu-08 indicates a bathochromic shifts with both increasing solvent hydrogen bond acceptor basicities and solvent 

dipolarity/polarizability. The  negative sign  of (a)  coefficient  for  Lu-01, Lu-02, Lu-03, Lu-04, Lu-06 and Lu-07 

shows  a  positive  solvatochromism with increasing solvent dipolarity/polarizability (π*). The positive sign of a 

coefficient for Lu-04 and Lu-08 indicates a hypsochromic shifts with increasing solvent hydrogen bond donor 

acidities. This suggests stabilization of the ground state relative to the electronic excited state. 

The Percentage contribution of the solvatochromic parameter was calculated from the values of regression 

coefficients and given in Table-5. 

It was observed that the transitions are sensitive to the solvent polarity and the transition (π-π*) are shifted 

bathochromically as the solvent polarity increases. These changes were attributed to hydrogen-bonding interaction 

between the solute molecule and the solvent molecule which is a clear indication that most of the solavochromism of 

bis-Schiff base derivatives is due to the basicity and dipolarity/polarizability i.e  and π respectively, rather than 

acidity.   
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Table-5: Percentage Contribution of the Solvatochromic Parameter 

Compound P  (%) P (%) P (%) 

Lu-01 33.2 51.0 15.7 

Lu-02 75.4 13.4 11.2 

Lu-03 84.2 3.8 12.1 

Lu-04 73.3 20.6 6.1 

Lu-05 31.4 55.8 12.7 

Lu-06 49.3 30.3 20.4 

Lu-07 62.9 28.9 8.2 

Lu-08 92.2 1.3 6.6 
 

 

Fig-2: Percentage Contribution of the Solvatochromic Effects;  

(1)Lu-01 (2)Lu-02 (3)Lu-03 (4)Lu-04 (5)Lu-05 (6)Lu-06 (7)Lu-07 (8)Lu-08 
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The degree of success of Eq. (1) is shown in Figure-03-A to Figure-03-H by means of a plot of νexp calculated versus νcalc 

observed in different solvents. 

4. CONCLUSION  
These results showed that the effects of solvent on electronic spectra of bis-Schiff base derivatives were strongly 

dependent on the nature of the substituent.  This conclusion implies electron-donating substituents in the azo group i.e. 

difference in the conjugational or migrating ability of the electron lone pairs on nitrogen atoms and azo-hydrazo 

tautomerism shows most of the solvatochromism. These results are in accordance with structure of these bis-Schiff 

base derivatives. We can express this effect quantitatively by applying multiple regressions using Kamlet–Taft 

equation. 
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ABSTRACT 
The modification of the isoniazid (INH) structure and with N-substituted 5-(pyridine-4-yl)-1,3,4-oxadiazole-2-amine, 5-(pyridin-

4-yl)-1,3,4-oxadiazol-2-amine derivatives were evaluated in vitro for their anti-tubercular (anti-TB) activity against M. 

tuberculosis H37Rv, M. avium, M. kansasii and one clinical isolated strain of M. kansasii. 2-Isonicotinoyl-N-(4-octylphenyl) 

hydrazinecarboxamide displayed an in vitro efficacy comparable to that of INH for M. tuberculosis with MIC of 1–2 μM. Among 

the halogenated derivatives, the best anti-TB activity was found for 2-isonicotinoyl-N-(2,4,6-trichlorophenyl) hydrazine 

carboxamide (MIC=4μM). Most of the hydrazinecarboxamides exhibited significant activity against INH-resistant non 

tuberculous mycobacteria.  Two other series of N´-(E)-heteroaromatic-isonicotino hydrazide derivatives and 1-(7-chloroquinolin-

4-yl)-2-[(heteroaromatic)methylene]hydrazone derivatives have been for their in vitro anti-TB activity against M. tuberculosis 

H37Rv. Several compounds were non cytotoxic and exhibited significant MIC value (3.12, 2.50, 1.25, or 0.60 μg/mL) compared 

with ethambutol (3.12 μg/mL) and rifampicin (2.0 μg/ml). These results can be considered an important point for the rational 

design of new leads for anti-TB compounds.  

 

Keywords: Isoniazid, InhA inhibition, 2-isonicotinoylhydrazine carboxamide, 5-(pyridine-4-yl)-1,3,4-oxadiazol-2-amine, 

tuberculosis 

 
1. INTRODUCTION 
Tuberculosis (TB) is one of the most dangerous infectious diseases known. It is the most important infectious cause of 

death worldwide. Alarming World Health Organization (WHO) data
1-3

 mainly concerning an increasing number of 

multidrug-resistant (MDR-TB) and extensively drug-resistant (XDR-TB) forms of TB, have prompted the 

development of new, potent, fast-acting anti-TB drugs. Although a new drug, diarylquinoline bedaquiline (TMC-207), 

has been approved recently, the treatment of MDR-TB and latent forms has still not been satisfactorily resolved. 

Treatment of the MDR-TB infection requires shortening the total duration of therapy, improving potency against 

resistant strains and reducing the total expenditure and toxicity
4,5

.  According to the WHO, more than 2 billion people 

are infected with Mycobacterium tuberculosis and a total of 1.77 million people died from TB in 2007. The lack of 

new anti-TB drugs, the co-infection with HIV/AIDS, and the advent of resistant strains to the current therapy are the 

main causes responsible for TB resurgence
6,7

. Among these problems, the emergence of drug-resistant TB is 

especially alarming. According to the WHO report, 511,000 cases of MDR-TB, strains resistant to isoniazid (INH) 

and rifampicin (RIF), occurred in 2007 (4.9% of all cases). Among these cases, 289,000 were new cases and 221,000 

were cases that had been previously treated for TB. Another important factor in TB treatment is the advent of XDR-

TB, which is commonly defined as MDR-TB plus resistance to any fluorquinolone and to, at least, one of the three 

injectable second-line anti-TB drugs used in TB treatment (capreomycin, kanamycin, and amikacin)
8
. The WHO 

estimates that 19% of MDR cases are in fact XDR-TB and the cure is possible for up to 50–60% of the people 

affected
9
. 

Isonicotinic acid hydrazide (INH) is a unique first-line anti-TB drug with a high specificity towards M. 

tuberculosis. Its mechanism of action includes multiple effects on lipids, glycolysis, biomembranes, proteins and 

nucleic acid synthesis. In fact, 1 is a prodrug that has to be activated by a catalase/peroxidase (KatG) inside the 

mycobacterium to form an isonicotinoyl radical and/or stable oxidative products. KatG couples the isonicotinic acyl 

with NADH to form an isonicotinic acyl-NADH complex. This complex binds tightly to the enoyl-acyl carrier protein 

reductase (InhA), thereby blocking the natural enoyl-AcpM substrate and inhibiting the synthesis of mycolic acid, the 

main building block of the mycobacterial cell wall
10

. 

N

O
H
N

H2N

 
Isoniazid (1NH) 

 

The discovery of INH is a major milestone in the chemotherapy of TB, but the development of INH-resistance has 

hampered its wide usage and therapeutic potential. The need to overcome the resistance on INH, which has been 

found to correlate with five different genes katG, inhA, ahpC, kasA and ndh
11

, led to a huge number of modifications 
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12-14
. A variety of synthetic modifications of INH linked with another active molecule through a methine bridge

15
, by 

conjugation with an aniline group with electron-withdrawing substituents and via the preparation of a new type of 

“double” active molecules based on the fluorinated hydrazides of a benzoic acid scaffold as an INH isostere 
16,17

. The 

modification of the INH structure by introducing a carbonyl group (in place of previously described methine bridge)
15

 

as the moiety that connects INH to other molecules. The thiocarbonyl linker between the 2-(trifluoromethyl)aniline 

moiety and INH was shown to contribute to the superior activity of the modified molecule
18

. Furthermore, the 

conversion of INH to the corresponding 1,3,4-oxadiazoles resulted in compounds with improved lipophilicity and 

activity; some of these compounds also exhibited significant activity against INH-resistant strains
19

. 

 

1.1 Anti-tubercular Activity 
Compounds 1a-v and 2a-d were evaluated for their in vitro anti-TB activity. The MIC is the lowest concentration of 

the substance at which inhibition of the growth of Mycobacterium species occurs. The in vitro anti-TB activity of the 

compounds was determined against M. tuberculosis 331/88 (H37Rv; dilution of strain, 10−3), M. avium My 330/88 

(resistant to INH, rifampicin, ofloxacin and ethambutol; dilution of strain, 10−5), M. kansasii 235/80 (clinically 

isolated) (dilution of strain, 10−4) and M. kansasii 6509/96 (dilution of strain, 10−4). The concentrations of the tested 

compounds were used as follows: 500, 250, 125, 62.5, 32, 16, 8, 4, 2, 1 and 0.5 μM. The same concentrations, over the 

range of 0.5 to 250 μM, were used for INH. The MIC (in μM) was the lowest concentration at which the complete 

inhibition of mycobacterium growth occurred. 

 

1.2 Structure of Isonicotinoylhydrazinecarboxamide derivatives (3a-3v) 
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N-(3,4-Dichlorophenyl)-2-isonicotinoyl  

hydrazinecarboxamide (1n). 
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isonicotinoylhydrazinecarboxamide (1o). 
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2-Isonicotinoyl-N-(4-pentylphenyl) 
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None of the compounds of type 1 exhibited a higher activity than INH (MICs 0.5–1 μM) for Mtb. The best results 

were observed for the derivative 1h, which reached an almost equal in vitro efficacy as INH, with MICs of 1–2 μM. 

Among the halogenated molecules, the best activity was found for the 2,4,6-trichloro derivative 1u, which had a MIC 

of 4 μM, followed by 2,4-dibromo and 3-CF3,4-bromo substituted molecules 1k and 1q (8 μM). When evaluating 

particular isomeric substitutions of the N-phenyl ring, we found that among the dichlorinated molecules, the 3,5-

dichloro derivative 3t showed a higher activity than the corresponding 3,4- derivative 1n (32/62.5 μM and 125 μM), 

and for the bromofluoro derivatives, the MICs increased in the order 2-Br,4-F (1m; 16 μM) < 2-F,4-Br (1l; 32 μM) < 

3-F,4-Br (1s; 62.5 μM). The comparison of the three molecules with a 3-CF3,4-halogen substitution led to the 

following result: the strongest activity against Mtb. was with the 3-CF3,4-Br derivative 1q (8 μM), followed by 3-

CF3,4-Cl 1p and 3-CF3,4-F 1r (32 μM). When the N-(4-heptylphenyl) derivative 1g and the N-heptyl molecule 1v, 

which vary by the presence of a phenyl ring, were compared they exhibited identical MICs of 16/32 μM. The 

influence of the 4-alkyl length on the activity is interesting: the expanding length from methyl 1a to n-butyl 1d 

increased the activity from 62.5 to 4/8 μM; pentyl 1e and hexyl 1f resulted in a milder activity; and heptyl 1g 

displayed lower MICs comparable to the isopropyl. Finally, the octyl substituted molecule 1h was evaluated and was 

determined to be the most potent compound in this series. One possible hypothesis that may explain this effect is the 

similarity of longer alkyl chain with fatty acids, which are structural fragments of biomembranes. 

 
Table-1: Antitubercular activity of N-substituted 2-isonicotinoylhydrazinecarboxamides 1a-v 

Compd 

MIC [μM] 

M. tuberculosis 

331/88 
M. avium 330/88 M. kansasii 235/80 M. kansasii 6509/96 

14 d 21 d 14 d 21 d 7d 14 d 21 d 7d 14 d 21 d 

1a 62.5 62.5 16 32 62.5 125 >125 62.5 62.5 125 

1b 16 32 16 32 16 16 32 8 8 16 

1c 8 16 62.5 125 32 62.5 125 32 62.5 62.5 

1d 4 8 62.5 125 62.5 125 125 32 62.5 62.5 

1e 32 62.5 62.5 125 32 62.5 125 32 62.5 125 

1f 32 62.5 62.5 62.5 62.5 32 125 125 62.5 125 

1g 16 32 32 62.5 32 125 125 62.5 62.5 125 

1h 1 2 250 500 250 500 >500 125 250 500 

1i 62.5 62.5 32 62.5 >125 >125 >125 >125 >125 >125 

1j 62.5 62.5 >125 >125 >125 >125 >125 125 125 125 

1k 8 8 >125 >125 >125 >125 >125 >125 >125 >125 

1l 32 32 >125 >125 >125 >125 >125 125 >125 >125 

1m 16 16 >125 >125 >125 >125 >125 >125 >125 >125 

1n 125 125 >125 >125 125 125 125 125 125 125 

1o 62.5 125 >62.5 >125 >125 >125 >125 >125 >125 >125 

1p 32 32 125 125 62.5 125 125 62.5 125 125 

1q 8 8 >125 >125 >125 >125 >125 125 125 125 

1r 32 32 >125 >125 125 125 125 62.5 62.5 125 

1s 62.5 62.5 >125 >125 125 >125 >125 125 125 >125 

1t 32 62.5 125 125 125 125 125 125 125 125 

1u 4 4 >125 >125 >125 >125 >125 125 125 125 

1v 16 32 32 62.5 32 125 125 32 62.5 125 

INH 0.5 0.5-1 >250 >250 >250 >250 >250 4 8 8 

INH: isoniazid. The best MIC values for each strain are given in bold. 

 
The situation for the atypical mycobacteria was different. Eleven hydrazinecarboxamides showed significantly lower 

MICs for M. avium than INH: 1a–g, 1i, 1p, 1t and 1v (range, 16 to 125 μM) with the superiority of 1a and 1b (MICs 

of 16–32 μM) indicating that the best substitution pattern for the phenyl ring is a small 4-alkyl group (1a, 1b) followed 

by 4-methoxy (3i), and 4-heptyl groups (1g). Identical MIC values were obtained for 1v, the heptyl derivative without 

a phenyl ring. In general, N-substituted 2-isonicotinoyl hydrazinecarboxamides 1, incorporating either alkyl (1a–g, 1v) 

or methoxy (1i) groups, exhibited a significantly higher inhibition of M. avium growth than the halogenated 

derivatives 1j–u (MICs ≥ 125 μM). For both strains of M. kansasii, the alkyl substituted hydrazinecarboxamides 1a–g 

and 1v showed a higher in vitro potency than the halogenphenyl derivatives 1j–u. Twelve compounds (1a–g, 1n, 1p, 

1r, 1t and 1v) inhibited INH-resistant strain 235/80, with MICs ≤ 125 μM, but no molecule produced lower MIC 

values than INH for clinical strain 6509/96. Only the 4-isopropyl derivative 1b, the most active 2-

isonicotinoylhydrazinecarboxamide 1 against all nontuberculous strains in this study (MICs 8–32 μM), displayed a 

similar in vitro efficacy. The most hydrophilic 4-methoxyphenyl 1i and, surprisingly, the most lipophilic derivative 4-

octylphenyl 1h did not exhibit any significant activity. For the strain 6509/96, the presence of two or three chlorine 
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atoms (1n, 1t, 1u) or a trifluoromethyl moiety at any position (1j, 1p–r) on the phenyl ring led to better activity 

among the halogenated compounds [Ventura, et al., 2008]. 

 
1.3 Structure of N-Substituted-1,3,4-oxadiazol-2-amines (5a-d)  
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N-(4-Bromo-3-fluorophenyl)-5-(pyridine-4-yl)-1,3,4-oxadiazol-

2-amine (2d). 

 

The 2-isonicotinoyl hydrazine carboxamides 1 act as INH (and then isonicotinic acid) prodrugs that must be activated. 

None of these compounds showed superiority over INH against drug-susceptible M. tuberculosis. In contrast, a range 

of these compounds showed notable in vitro activity at micromolar concentrations against the INH-resistant strains of 

M. avium and M. kansasii. In the case of M. avium, due to the missing catalase/peroxidase enzyme, this observation 

can be explained on the basis of facilitated liberation of isonicotinoyl radicale from the less stable hydrazide derivative 

prodrugs
12

. An examination of the cyclised analogues of the four selected 2-isonicotinoyl hydrazine carboxamides 

with different substitution patterns (halogens: 1l, 1n and 1s, and methoxy derivative 1i), i.e., N-substituted-5-

(pyridine-4-yl)-1,3,4-oxadiazol-2-amines 2a, 2b, 2c and 2d, revealed a complete loss of efficacy (MICs > 125 μM). 

Having these results in hand, we decided not to further study additional 5-(pyridine-4-yl)-1,3,4-oxadiazol-2-amines 2 

as potential anti-TB agents. In fact, the activity values for our 1,3,4-oxadiazol-2-amines are in sharp contrast with the 

results published
19

 where the 2-position of the oxadiazole ring was occupied by alkyls, halogenoalkyls and aryls, and 

the MIC values were within the range of 0.35 to 49.69 μM for Mtb. H37Rv. Additionally, two other 2-substituted 5-

(pyridine-4-yl)-1,3,4-oxadiazoles exhibited a remarkable inhibition of M. tuberculosis
20,21

.  

 
Table-2: Antitubercular activity of N-substituted 5-(pyridin-4-yl)-1,3,4-oxadiazol-2-amines 2a-d 

Compd 

MIC [μM] 

M. tuberculosis 

331/88 
M. avium 330/88 M. kansasii 235/80 M. kansasii 6509/96 

14 d 21 d 14 d 21 d 7d 14 d 21 d 7d 14 d 21 d 

2a >125 >125 >125 >125 >125 >125 >125 >125 >125 >125 

2b >125 >125 >125 >125 >125 >125 >125 >125 >125 >125 

2c >125 >125 >125 >125 >125 >125 >125 >125 >125 >125 

2d >125 >125 >125 >125 >125 >125 >125 >125 >125 >125 

INH 0.5 0.5-1 >250 >250 >250 >250 >250 4 8 8 

 
Substituted derivatives of 5-(pyridine-4-yl)-1,3,4-oxadiazol-2-amines, which avoid any significant activity against Mtb 

[22]. 5-(Pyridine-4-yl)-1,3,4-oxadiazol-2-amine showed mild anti-TB activity; the replacement of the amino group by 

mercapto decreased the MIC
23

. The reason for the inactivity of N-(aryl substituted)-5-(pyridine-4-yl)-1,3,4-oxadiazole-

2-amines 2 at the observed concentrations when compared to the previously reported derivatives
20,21

 with other 

substituents at position 2, which are based on the hydrocarbon chains or rings, may originate from the changes in the 

hydrophilic-lipophilic balance due to the presence of an H-N bond as well as possible hydrogen bridge formations, 

different steric parameters or because these compounds may be metabolised by different ways within the cells. 

The biological activity of the INH derivatives to a series of heteroaromatic N´-(E)-Hetero aromatic-

Isonicotinohydrazide Derivatives (3a-f and 4a-b) and 7-chloro-4-quinolinylhydrazones (5a-f and 6a-b) evaluated 

against M. tuberculosis. Recently, anti-TB activity of a series of mono substituted 7-chloro-4-quinolinylhydrazones, 

which demonstrated relevant MIC between 12.5 and 2.5μg/mL
24

. Hence, this is important to continue the study of the 

structure-activity relationship (SAR) of this class of compounds. The criteria used to select the five-member 

heterocyclic nuclei was based on isosteric replacements: (1) substitution of the oxygen atom of the furane ring (a) by 

sulfur (d) or nitrogen (e) and (2) substitution of –CH= by –N= in the pyrrole ring (e) to give an imidazole ring (f); 

whereas the six-member heterocyclic (2a-b) was chosen in order to analyze the influence of the introduction of the 

nitrogen atom in the phenyl ring on the biological activity of this series. Due to the high impact of MDR and XDR in 
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TB treatment, there is an urgent need for new drugs to treat this disease efficiently. Isoniazid (INH) derivatives have 

been found to possess potential anti-TB activities
25-27

. INH is one of the most powerful synthetic agents against the M. 

tuberculosis complex and it has an important bactericidal activity against the replicating bacteria. Moreover, INH is a 

prodrug, which needs a previous in vivo activation to exercise its anti-TB activity. The enzyme responsible for this 

function is called KatG. After INH activation, an isonicotinoyl radical is produced, which reacts with the nicotinamide 

group of NAD (nicotinamide adenine dinucleotide) to yield the INH-NAD adduct. This adduct mainly inhibits and 

binds to trans-2-enoyl-ACP reductase, encoded by the InhA gene, which promotes the elongation phase of the FAS-II 

(fatty acid synthetase II) system. The inhibition of this enzyme interrupts the mycolic biosynthesis leading to cell 

lysis
28

. Due to the significance of this drug for TB treatment, the advent of INH-resistant strains is very alarming. The 

majority of INH-resistant strains demonstrate deletion or point mutations in the M. tuberculosis katG gene, which is 

responsible for INH activation
29

. Moreover, it is probable that Mn3+ ions could facilitate the formation of isonicotinic 

acyl radicals and KatG participates in isoniazid activation by increasing the rate of the conversion of Mn
2+

 to Mn
3+

 

ions. Due to the ability of hydrazone derivatives in metal chelation
30

 and generation of metal ion–induced radical 

intermediates
31,32

, the potential anti-TB activity of a series of heteroaromatic hydrazones derived from INH (3a-f and 

4a-b). Another aim of this article is to compare the biological activity of the INH derivatives to a series of 

heteroaromatic 7-chloro-4-quinolinylhydrazones (5a-f and 6a-b). 

 

1.4 Structure of N´-(E)-Heteroaromatic-Isonicotinohydrazide Derivatives (3a-f and 4a-b) 
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(E)-N'-benzylideneisonicotinohydrazide (4b) 

 

1.5 Structure of 7-Chloro-4-Quinolinylhydrazone Derivatives (5a-f and 6a-b) 
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1.6 Antitubercular Activity 
The anti-TB activities of the derivatives 3a-f, 4a-b, 5a-f, and 6a-b were assessed against M. tuberculosis using the 

Microplate Alamar Blue Assay (MABA) [33]. When these two different series of compounds were compared, it was 

observed that among the compounds with five-member heterocyclic nucleus (3a-f vs. 5a-f), the quinoline derivatives 

are more active than INH derivatives, except in the case of 3e and 5e. The comparison between the six-member 

compounds (4a-b vs. 6a-b) showed that INH derivatives were more active than quinoline derivatives. These data 

might indicate that biological activity of quinoline derivatives is more susceptible to bulk effects than INH derivatives. 

This hypothesis can be more detailed if we compare the five-member heterocyclic nucleus [5d (S), 5b (O), 5e (NH), 

and 5f (N plus NH)] bounded to quinoline derivatives. It was observed that there is no difference in the biological 

activity of these compounds (all derivatives showed MIC = 3.12 μg/mL), but with the increase of size ring (six-

member compounds, 6a and 6b), the biological activity decreases four times in the case of 6a or completely 

disappears in the case of 6b. Furthermore, when the compounds are compared into the same series (3a vs. 3b, 5a vs. 

5b, and 5c vs. 5d), it was observed that all the nitro derivatives (3a, 5a, and 5c) were more active than the other 

compounds (3b, 5b, and 5d), suggesting that the nitro group is an important feature to modulation of biological 

activity in these series. Moreover, when the derivatives 4a and 4b, 6a and 6b are compared, it was observed that the 

compounds without the nitrogen atom were less active, suggesting that the presence of this atom in the six-member 

compounds also seems to be important for the biological activity in both series. 
 

Table-3: Antitubercular Activities of INH and 7-Chloro-4-quinolinylhydrazone derivatives (3a-f, 4a-b, 5a-f, and 6a-b) 

Compd MIC (μg/mL) Compd MIC (μg/mL) Compd MIC (μg/mL) 

3a 3.12 4a 0.60 5e 3.12 

3b 25 4b 3.12 5f 3.12 

3c 1.25 5a 2.50 6a 12.5 

3d N.D.c 5b 3.12 6b Resistant 

3e 1.25 5c 1.25 INH 0.2 

3f 25 5d 3.12   

 

2. DISCUSSION 
Due to the high impact of MDR and XDR in TB treatment, there is an urgent need for new drugs to treat this disease 

efficiently. In this circumstance, INH derivatives have been found to possess potential anti-TB activities
25-27

. INH is 

one of the most powerful agents against the M. tuberculosis complex with an important bactericidal activity against 

the replicating bacteria. Moreover, INH is a prodrug, which needs a previous in vivo activation to exercise its anti-TB 

activity. The enzyme responsible for this function is called KatG. After INH activation, an isonicotinoyl radical is 

produced, which reacts with the nicotinamide group of NAD (nicotinamide adenine dinucleotide) to yield the INH-
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NAD adduct. This adduct mainly inhibits and binds to trans-2-enoyl-ACP reductase, encoded by the InhA gene, which 

promotes the elongation phase of the FAS-II (fatty acid synthetase II) system
28-30

. The inhibition of this enzyme 

interrupts the mycolic biosynthesis leading to cell lysis. Due to the significance of this drug for TB treatment, the 

advent of INH-resistant strains is very alarming. The majority of INH-resistant strains demonstrate deletion or point 

mutations in the M. tuberculosis katG gene, which is responsible for INH activation
31-36

. 

The Isoniazid (INH) derivatives, 2-isonicotinoyl-N-(substituted) hydrazinecarboxamides, None of the 

compounds exhibited higher activity than INH, but the N-(4-octylphenyl) derivative 1h reached almost the same in 

vitro efficacy with MICs 1-2 μM. Among the halogenated molecules, the best activity was found for the 2,4,6-

trichloro derivative 1u, with a MIC of 4 μM. An incorporation of the alkyl substituent on the carboxamide nitrogen of 

2-isonicotinoyl hydrazinecarboxamides led to a significantly higher inhibition of the growth of M. avium and both M. 

kansasii strains when compared to the halogenated derivatives and INH. Cyclisation of the selected compounds 3 to 

the corresponding 1,3,4-oxadiazol-2-amines 2 resulted in the loss of anti-TB efficacy
37

. The INH and 7-chloro-4-

hydrazinoquinoline heteroaromatic hydrazone derivatives (3a-f, 4a-b, 5a-f, and 6a-b), among them, four compounds 

(3f, 5a, 5c, and 6a). These compounds (3a-c, 3e-f, 4a-b, 5a-f, and 6a) were exhibited MIC values between 25 and 0.60 

μg/mL. Among these derivatives, 3a-c, 3e, 4a, 5a, 5c-d, and 6a were not cytotoxic to host cells in the effective 

concentrations to inhibit the growth of M. tuberculosis. Furthermore, the compounds 3a, 3c, 3e, 4a, 5a, 5c, and 5d 

exhibited a significant activity (3.12, 2.50, 1.25, or 0.60 μg/mL) when compared to the ethambutol (MIC=3.12 μg/mL) 

and rifampicin (2.0 μg/ml), and could be considered a good starting point to find new lead compounds in the fight 

against TB
38

. Molecular modelling studies suggested a possible conformation of these novel compounds in the active 

site of the enzyme InhA. 

New drugs for the control of TB are urgently needed, including developments of short-term antibiotic 

regimens to minimize the emergence of drug resistance and new drugs to treat MDR-TB patients and to eradicate the 

latent Mycobacterium species. 

Discovery of new synthetic compounds for treatment of TB should have the following major objectives:  

1. Developing new drugs from existing lead molecules used to treat other Mycobacterium species 

infections (e.g. Isoniazid derivatives).  

2. Modifying an existing drug to improve its anti-TB activity and its pharmacokinetic properties to 

make it less susceptible to the known mechanism of resistance. This is the strategy adopted in 

developing new analogues. 

3. Discovering new drugs either by random screening or if a specific target is known, by a rational 

design. 

4. Develop faster acting drugs to shorten the duration of treatment. 

5. Develop new drugs with different modes of action to resolve the known resistance problem. 

6. Employ new therapy targeting dormant bacilli for treatment of latent TB infections. 

 

3. CONCLUSION 
The anti-tubercular pharmacophore moiety of isoniazid has been introduced in a number of various types of molecules 

to improve their activity against Mycobacteria species, as well as their multi-drug resistant tuberculosis. Various types 

of the most active isoniazid derivatives classified according to their structure are reported and structure-activity 

relationships are discussed. Therefore this class of compounds could be a good starting point to develop new lead 

compounds in the treatment of multi-drug resistant tuberculosis. 
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ABSTRACT  
This work describes moisture sorption behavior and water vapor permeability of  gluteraldehyde –crosslinked 

Carrageenen/polyvinyl alcohol (Carr/PVA) films. The moisture uptake has been studied under various relative humidity (RH) and 

the data obtained has been interpreted in the terms of various isotherm models such as GAB, Oswin and Halsey models. The 

moisture permeability through the films has been characterized in the terms of various parameters like water vapor transmission 

rate (WVTR), permeance (P) and Water vapor permeability (WVP). It was found that these parameters are greatly affected by the 

degree of crosslinking of the films. Finally, the model drug Gentamycin Sulphate was loaded in to the films and its release was 

monitored kinetically in the physiological buffer (PF) at 370C. The films exhibited diffusion controlled release mechanism. 

 

Keywords: Films, carrageenan, GAB isotherm, WVTR, drug release 

 
1. INTRODUCTION 
Carrageenans, occurring in numerous species of see weeds, are linear sulphated bio-polymers. They are composed of 

D-galactose and 3,6-anhydro-D-galactose units (1). These polymers are biodegradable, biocompatible and abundant 

(2).They find a large number of applications which include edible films (3). Wound healing management (4), drug 

delivery (5) etc. Biopolymers like Carr, which are obtained from low-cost natural resources (from see weeds), have 

drawn attention of polymer chemist and pharmacist because these polymers offer new market for low value added 

products. However, in spite of their low cast and biocompatible nature, they have not been used as a single material to 

fabricate hydrogels that are intended to be used in biomedical applications like wound dressing films. The reason is 

that they possess poor mechanical properties and hence cannot withstand the stress applied during the application of a 

wound dressing film (6). Therefore it is required to combine these polymers with some synthetic one which has fair 

mechanical strength. In recent past, a number of studies have been carried out to reveal significant properties of films 

composed of natural and synthetic polymers (7). 

In our previous work, we had prepared Carr/PVA films and carried out their complete characterization like 

FTIR, SEM and XRD analysis.These films showed fair mechanical properties due to the presence of poly vinyl 

alcohol which is reported to have a higher tensile strength and other related parameters (8).However, for a film to be 

used as wound dressing material, it is essential that it should have good water absorption capacity so that it may be 

able to absorb the exudates (9). In addition, it must have an appropriate water vapor transmission capacity so that a 

moist environment exists surrounding the wound area. It is reported that a moist wound shows relatively higher 

healing rate (10). 

In this study we report moisture sorption capacity and water vapor permeation of Car/PVA films cross-linked 

by gluteraldehyde (GTA). The films have also been investigated for release of model drug Gentamycin Sulphate (GS)  

under physiological conditions. 

 

2. EXPERIMENTAL 

 
2.1 Materials 
Carrageenan (Car) and poly (vinyl alcohol) (PVA) were purchased from Hi Media Laboratories, Mumbai, India. The 

cross-linker Gluteraldehyde (GA; 25-wt percentage aqueous solution), hydrochloric acid (HCl), and other salts used to 

prepare physiological buffer were purchased from Merck Chemical Industry, Mumbai, India and were analytical 

grade. In order to create desired relative humidity (RH) environments the various salts i.e. KOH, CH3COOK, K2CO3, 

Mg (NO3)2, NaCl, KCl and K2SO4 were purchased from SRL. Mumbai, India. The model drug Gentamycin Sulphate 

(GS) was obtained from SRL, Mumbai, India.(Batch No. AB1583   ). The double distilled water was used throughout 

the investigations. Water activities (aw) of saturated solutions of the above salts at 30oC were adopted from elsewhere 

(11), and are listed in Table – I.  

                                                      
2.2 Preparation of film samples 
The film samples were prepared by the method described in our previous work (8).In brief, pre-calculated quantities of 

carrageenan and poly vinyl alcohol were dissolved in distilled water at 800C under moderate stirring till the polymers 

dissolved completely. Now, to this solution different quantities of cross-linker GTA were added and the resulting 
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solution was transferred into Petri plates and kept in Electric oven (Temp star, India) at 600C for a period of 24 h. 

Finally the films were peeled off and washed with distilled water and then dried in vaccum chamber till they attained 

constant weight. In all 3 samples were prepared which contained varying amounts of cross linker GTA. The 

compositions of various samples are given in Table-II. 

 
Table-I: The water activities (aw) of saturated salt solutions 30oC. 

Salt aw at 30
o
C 

KOH 0.0738 

CH3COOK 0.2161 

K2CO3 0.4317 

Mg(NO3)2 0.5140 

NaCl 0.7509 

KCl 0.8362 

K2SO4 0.9700 

 

 
Table-II: Composition of various films synthesized 

Sample Code Carr (g) PVA ( g) GTA ( ml) H2O ( ml) 

F1 0.5 0.5 1.0 11.0 

F2 0.5 0.5 1.5 10.5 

F3 0.5 0.5 2.0 10.0 

 
2.3 Surface morphology 
In order to investigate the surface morphology KC/PVA film, SEM images were recorded with a Hitachi S-4700 (New 

Jersey, USA) operating at an acceleration voltage of 15kV. All samples were dried in vacuum at room temperature 

and coated with gold before scanning. Surface morphologies were imaged at different magnifications. The surface 

morphology was also characterized with Atomic Force Microscopy (AFM). 

 
2.4 Determination of moisture sorption isotherm 
The moisture adsorption isotherms of film samples F1, F2 and F3 were obtained using gravimetric static method 

described in detail elsewhere (12-13). Before the moisture adsorption isotherm experiments, films were dried in a 

vacuum oven (Tempstar, India) at 40 0C for two days. Seven salt solutions were completely saturated and transferred 

into separate jars. Crystalline salts were presented on the bottom of jars at  300C. A polypropylene chamber was 

placed in each jar. Then pre-weighed film samples (about 1 g) were weighed into small crucibles of aluminum foils 

and placed on polypropylene chamber in the jars, which were then tightly closed. Jars were maintained in a Sanyo 

MIR 152 incubator at 300C for the equilibration of samples. The equilibration took about 3 days to attain the 

equilibrium. . The moisture content of the equilibrated samples was determined using the vacuum oven method 

(14).The equilibrium moisture contents of samples were expressed as g/g dry solids. All the moisture adsorption 

experiments were replicated three times. The percentage difference in the equilibrium moisture contents between 

triplicate samples was, on the average, less than 1% of the mean of the three values. The average values were used in 

the determination of the moisture adsorption isotherms. 

The equilibrium moisture content (EMC) was determined using following formula: 

g/g                 … (1) 

 

2.5 Water vapor permeation studies 
Water vapor permeability (WVP) of the films was determined gravimetrically using a modified ASTM E96-00(2000) 

procedure (15).The permeation cell (acrylic cups) had an internal diameter (id) of 4.4 cm and an external diameter (ed) 

of 8.4 cm (exposed area: 15.205 cm2). They were 3.5 cm deep and contained CaCl2 (0% RH; 0Pa water vapor partial 

pressure). Film was placed between the cell and its acrylic ring shaped cover (4.4 cm id and 8.4 cm id) which was 

adjusted to the cup with four screws located describing a cross .A 7 mm air gap was left between the films and the 

CaCl2 layer. The pre-weighed covered cell was put in a temperature and RH controlled chamber, maintaining desired 

RH and temperature .Mass measurements of cups were done at regular time intervals using an electronic balance 

(Denver, Germany) with the accuracy of 0.0001g. All tests were conducted in triplicate and WVP and other related 

parameter were calculated using following expressions (16). 

Water Vapor transmission rate (WVTR) = g h-1 m-2 … (2) 

Permeance (P)    =  g h-1 m-2 Pa-1                                       … (3) 
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Water Vapor Permeability (WVP) =  g h-1 m-1 Pa-1           … (4) 

where ∆W/∆t is the amount of water gain per unit time of transfer, d is the film thickness (m), A is the area exposed to 

the water transfer (m2) and ∆P is the water vapor  difference between both sides of  the film. All the experiments were 

done in triplicate and average values have been reported in the data.  

 

2.6 Preparation of drug-loaded films 
Model drug GS was loaded into these films by adding a pre-determined quantity into the polymerization mixture. A 

calculated amount of drug was added into the reaction mixture for all the film samples so that the effect of degree of 

crosslinking on the release rate could be studied. The per gram drug loading (PGDL) was determined as follows: The 

drug-loaded film was washed in distilled water for a definite time and the amount of drug leached out of the film was 

measured spectrophotometrically at 281 nm. The actual drug loading was calculated using the following formula 

 

(PGDL) Amount of drug/ g film = … (5) 

 

Where, W1= Amount of drug in the feed mixture 

W2 = Amount of drug leached out in washing 

W3 = Weight of the film 

 

The drug-loaded films were designated as F (x) where the number in parenthesis denotes the quantity of GS loaded per 

gram of the film. 

 

2.7 Drug release studies 
The pre-weighed piece of drug-loaded film was placed in 25 mL of release medium (i.e., physiological fluid) at 37

0
C. 

After regular time-intervals, film was transferred into fresh release medium, and the amount of drug released was 

determined spectrophotometrically at  nm. The quantity of drug was calculated using Lambert-Beer’s plot obtained for 

drug solutions of known concentrations. The ratio of volume of release medium to mass of film was maintained at a 

constant value of 250 (ml/g). 

 

3. RESULTS AND DISCUSSION 

 
3.1 Preparation of film  
There have been numerous studies, carried out in recent past, which report use of glutaraldehyde as crosslinking agent 

to prepare cross-linked films, composed of polysaccharides (17), synthetic polymers (18) or combination of both (19). 

It is also reported that GTA induced crosslinking of polymers like starch, polyvinyl alcohol, chitosan etc. takes place 

in the catalytic presence of HCl (20). In order to avoid the possible hydrolysis of Carr by HCL we, in our previous 

work, fabricated Carr/PVA films, catalyzed by GTA in the absence of acid and reported their detailed characterization 

and water absorption behavior. The films, synthesized in the present study were not much transparent as shown in                                        

Fig.1.  

 
Fig-1: <MISSING> 

 

The gentamicin- loaded film is also shown along with the plain film. 
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3.2 Surface morphology  
The SEM images of the surface of the representative film sample F1 are shown in Fig.2 (A) and (B) with 200 and 

2000 times magnifications.  In Fig. (A), the surface appears to be a little rough with some agglomerations of fine 

particles throughout the film. In order to further investigate this, the image was magnified 2000 times as shown in Fig. 

(B). It is very clear that there are less than 10 micrometer sized particles distributed almost throughout the film matrix. 

This may be attributed to the presence of carrageenan particles which do not have fair solubility in water and they 

must have precipitated during the drying of the films. 

  
 

Fig-2: SEM images of the film sample F1 

 

The AFM image of the representative sample F1 is also shown in the Fig.3.It can be observed that the surface of the 

film is not so smooth but it possesses a little roughness of almost 5 to 6 nm. 

 
Fig-3: AFM image of the film sample F1 

3.3 Moisture sorption behavior 

Fig-4: shows the experimental moisture uptake data, for the film samples F1, F2 and F3 at 30
0
C. It can be 

seen that all the three curves 

 
 

Fig-4: Moisture sorption isotherms for samples F1, F2 and F3. 
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obtained are sigmoid in shape, exhibiting type-II characteristic isotherms. Such curves are typical for most of the 

biopolymers like starch (21), chitosan (22) , cellulosic materials (23) etc. Although the film samples are not purely 

composed of polysaccharide, but it looks that the overall predominance of Carr persists in the moisture absorption 

behavior. It may also be due to the huge number of polar –OH groups in PVA which contribute equally towards water 

absorption like those of carrageenan. On the isotherms, obtained, three zones are noted; zone – I (aw : 0.0 to 0.2), zone 

– II (aw; 0.2 to 0.7) and finally zone – III (aw : 0.7 to 1.0) In the region I (termed as monolayer sorption region), the 

EMC increases with water activity due to the fact that carrageenan and PVA contain a large number of polar groups 

along the macromolecular chains. These groups act as strong binding sites for incoming water vapor molecules. This 

water binds strongly to the polar groups available. In addition, according to Falade and Aworh (24), there is possibility 

of swelling or unfolding of macromolecular chains thus offering new active sites for binding of water molecules. The 

zone – II, also termed as multilayer sorption region, includes multilayer moisture which is under transition to natural 

properties of free water and is available for chemical reactions. In this zone moisture content increases linearly with 

water activity but relatively at a slower rate. In this zone, sorption takes place at less active site. Finally, in the zone – 

III (usually termed as capillary condensation zone) there is sharp increase in EMC which may be attributable to 

diffusion of moisture into voids and capillaries within the film matrix. The water in this zone is in the free State. These 

isotherms show that substrate adsorbed proportionately more water towards the later part of the curves. It is also 

noticeable that for a given water activity the moisture uptake decreases with the increase in the degree of crosslinking. 

In other words, film sample F1, having been cross-linked with minimum amount of cross linker GTA, shows 

maximum moisture uptake whereas the sample F3 demonstrates minimum moisture absorption. This behavior is quite 

expected and is attributable to the least cross-linked structure of sample F1 which permits more moisture molecules to 

enter into the film matrix for sorption. 

The moisture sorption behavior of various film samples was analyzed using three models, namely GAB, 

Oswin (25) and Halsey models (Halsey, G. 1948. Physical adsorption on non-uniform surfaces. Journal of Chemical 

Physics 16: 931-937). The Table-II describes mathematical expressions for these models 

                                         
Table-II: Various moisture sorption isotherms studied 

Name of model Equation Reference 

GAB (Guggenheim-Anderson-de 

Boer) 
www

w0

ckaka1ka1

a.CkM
M  (Anderson, 1946) 

Halsey 

(Linearized) 
2

1
exp

Aw
M

A
a  

In M = InA1+A2 In (-In aw) 

(Halsey, 1948) 

Oswin 

 

(linearized) 

B

w

w

a1

a
AM  

In M = In A + B In 

w

w

a1

a
 

(Oswin, 1946) 

 
The GAB (Guggenheim-Anderson-de Boer) is a three parameters model which is a theoretically derived isotherm 

model (26), whereas other models are impirical in nature and do not have sound theoretical basis.  The most common 

form of GAB equation is given as: 

www

w0

ckaka1ka1

a.CkM
M

 
 

Where, Mo is the monolayer moisture content, C is a constant related to the first layer heat of sorption and K is a 

factor related to the heat of sorption of the multilayer.In order to determine the parameters of GAB isotherm model, 

GAB equation was re-arranged into a second degree polynomial equation. 

w

2

w

w aa
M

a
             ... (6) 
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where 

1C

1

M

k

o

  ... (7) 

 

C

2
1

M

1

o

 … (8) 

and 

CkM

1

o   

… (9) 

A non-linear regression analysis of aw/M as awyielded a polynomial of second order as shown in Fig.5.  

 

 
 

Fig-5: Polynomials of second order 

 
The coefficients and  were thus obtained from this polynomial equation and substituted one by one to obtain 

GAB constants. The values of various parameters, obtained, are given in Table-III. 

                                                                                            
Table-III: GAB parameters for the various film samples 

Parameters Sample F1 Sample F2 Sample F3 

K 0.919 0.902 0.959 

C 8.415 5.709 5.027 

M0 0.017 0.034 0.042 

 
As stated earlier, GAB model is theoretically sound therefore parameters of GAB isotherm need to be discussed here. 

The value of the monolayer moisture content (M0) is of particular interest since it indicates the amount of water that is 

strongly adsorbed to specific sites at substrate surface and is considered as the optimum value to assure stability of 

substrate material .Therefore, M0 is recognized as the moisture content affording the longest time period with 

minimum quality loss at a given temperature. Below it, rates of deteriorative reactions are minimum. Hence, at a given 

temperature, the safest water activity level is that corresponding to M0  or lower.  The values of monolayer content M0, 

as shown in Table –II, are0.017, 0.034 and 0.042 g/g for F1, F2 and F3 respectively. The M0 values show an 

increasing trend with the increase in degree of crosslinking. This may be attributable to the fact that as the amount of 

cross -linker GTA in the polymerization mixture increases, the number of crosslinks within the film matrix also 

increases and therefore, more and more compact structure is formed as we move from film sample F1 to F3. The 

dense network keeps the absorbed moisture strongly bound to the active sites available. Here, it is worth mention that 

M0 refers to the quantity of water that is strongly bound to the substrate. 

The another GAB constant C describes adsorbent – adsorbate interactions  andit is reported that (26) the 

parameter  C should fulfill  following relations : for C>2 the GAB  model should  yield a sigmoidal shape curve with  

point of inflection (type II of  Brunauers (1943) classification): and for 0<C<2 the isotherm is of the type III only 

(isotherm without  point  of inflection).In  this study  the value  of C was greater  than 2 for all the three film samples  

studied  and the isotherm curves obtained were  also sigmoidal ,thus supporting  above predictions .Finally ,the value 

of K provides a measure of the interactions  between  the molecules  in multilayer  with  the adsorbent ,and tends to 

fall between  the energy  values of the molecules in the monolayer and that of liquid water.The prescribed range for K 

values is 0 <K≤1. As can be seen, the values of K, obtained for the film samples F1, F2 and F3 fall within the 

prescribed range.  
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The linear plots obtained for other models, i.e. Oswin and Halsey models are shown in Fig.6 and 7 respectively. The 

slopes and intercepts of linear plots were used to evaluate different parameters associated with these models and are 

given in Table-IV. 

 

 
 

Fig-6: Oswin model for moisture absorption by samples F1, F2 and F3. 

 

 
 

Fig-7: Halsey model for moisture absorption by samples F1, F2 and F3 

                                                      
Table-IV: Parameters for the Oswin and Halsey models 

Sample Code 

Isotherm models 

Halsey Oswin 

A1 A2 A B 

F1 0.025 -0.679 0.037 0.390 

F2 0.062 -1.385 0.133 0.827 

F3 0.061 -0.714 0.091 0.412 

 
3.4 Moisture permeability of films 
The moisture permeation through the wound dressing film is a key factor to control the healing process. If the 

transmission of moisture through the film is very high then the wound may get dried and this shall retard the healing 

process. Therefore, it is essential to control the water vapor transmission rate (and other related parameters to keep the 

wound moist. The dynamic water vapor transmission through the film samples F1, F2 and F3 are shown in Fig.8. It 

can be seen that the water vapor permeated through the films increases with time and more importantly, it decreases 

with the increase in the degree of crosslinking. This is due to the fact that for a highly cross-linked film the permeation 

of water vapor molecules is rather slow due to the presence of compact network within the film matrix. The various 

permeation parameters, calculated from equations (2), (3) and (4) are given in the Table-V. 

 
Fig-8: Moisture permeation kinetics for the samples F1, F2 and F3 
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Table-V: Parameters related with water vapor permeation through films 

Parameters Sample F1 Sample F2 Sample F3 

(WVTR) 

mg h-1cm-2 
1.26 1.17 1.06 

Permeance (P) 

mg h-1cm-2 Pa-1 
0.478 0.439 0.401 

(WVP) 

mg h-1 cm-1 Pa-1 
0.014 0.015 0.014 

 
It is clear that the values of WVTR decrease with degree of crosslinking and they fall in the range of 1.402 to 1.195 

mg h-1 cm-2. According to a report (27) the WVTR of a normal skin is around 0.85 mg h-1 cm-2 and the injured skin 

exhibit a WVTR in the range of 1.16 to 21.41 mg h-1 cm-2, depending upon the extent of injury. Thus it appears that 

the film samples, used in our work, are close to the lower range of the WVTR of an injured skin. Hence, it may be 

inferred that these films possess lower WVTR and are suitable for wounds which are not very dry. It is also to be 

noted that film thickness also plays a crucial role in regulating the transmission rates of vapor and thickness may be 

adjusted suitably to achieve the desired WVTR. 

 

3.5 Drug release behavior 
While investigating the release of an antibacterial drug from films that are intended to be used as wound dressing, the 

nature of release medium is very important. The composition of wound fluid depends upon the nature of the wound. 

For example, Trongrove et al. (28) reported that wound fluid collected from leg ulcers contained 0.6 to 5.9 mM/L 

glucose and 25-51 g/L protein. Similarly, Bonnema et al (29) analyzed serum fluid formed after auxiliary dissection 

and reported that on the first operative day the drainage fluid contained blood and high concentration of creatine- 

phosphokinase while after day 1, it changed to lymph like fluid that contained different cells and more proteins. 

Therefore, looking to the variation in nature of wound fluid, we carried out in vitro release study in physiological fluid 

(PF) as suggested by British pharmacopeias. The PF contained 142 mM of NaCl and 2.5 mM of CaCl2. 

 

 
Fig-9: The dynamic release of model drug GS from the film samples F1 and F3 in the PF at 370C. 

  
We prepared two film samples namely F1 (23.4) and F3 (23.1) which contained almost same quantity of drugs 

(denoted in parenthesis as amount in mg present per g of film) and differed in amount of cross-linker used to crosslink 

films.( see Table-I). The dynamic release of model drug GS from the film samples F1 (23.4) and F3 ( 23.1)  in the 

physiological fluid has been shown in Fig.9. It can be seen that amount of drug released at any time increases with 

decrease in the degree of crosslinking of polymeric films. This is attributable to the fact that increased crosslinking 

produces a denser network within the film matrix and this retards the release of entrapped drug from the hydrogel 

networks. It may be noticed that the film sample F1released almost 100 % of the entrapped drug over an extended 

time period of 240 min while the sample F2, having a relatively higher degree of crosslinking, had released only 64 % 

of the entrapped drug in the same ti9me period. This indicates that sample F2 exhibits a slower release due to higher 

degree of crosslinking. It was found that it required almost 540 min for the film sample F2 to release 90 % of the 

entrapped drug. This concludes that degree of crosslinking can be an effective tool to regulate the release of entrapped 

bioactive material as per demand of the wound.  

In order to investigate the quantitative interpretation of the release mechanism, the Ritger-Peppas (30) model 

was used. This model has been developed for swellable as well as non-swellable drug delivery. According to this 

model the fractional release may be given as: 

 

F =   = k tn                             … (10) 
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Where, Mt and M∞ are the release at time‘t’ and total release respectively. The above equation may be used in 

logarithmic form to obtain linear plots, as shown below: 

ln F = ln k + n ln t                   …(11) 

 

The value of release exponent ‘n’ indicates the nature of the release mechanism followed by the drug delivery device. 

In case, 0< n< 0.5, the release mechanism is said to be diffusion controlled systems (31). The release data was 

interpreted as linear plots between ln F and ln t, as shown in Fig.10. 

 

 
 

Fig-10: ln t versus t plots for evaluation of release exponent ‘n’ 

 

The release exponent ‘n’, as determined from the slopes of the linear plots was 0.40 and 0.44 for the samples F1 and 

F3 respectively. This indicates that for both of the films release mechanism is diffusion controlled. 

The plots obtained were almost linear with quite higher regression values of 0.9804 and 0.9673 for the film 

samples F1 and F3 respectively. The slopes of the plots yielded values of the release exponents ‘n’, which were 0.40 

and 0.44 respectively. These values indicate that both of the film samples demonstrate diffusion controlled release 

mechanism. In order to further confirm the occurrence of diffusion-controlled mechanism, Higuchi Model was also 

applied. 

The Higuchi model (32), was initially developed for the planar systems and it is based on the following 

assumptions (1) initial drug concentration in the matrix is much higher than its solubility (2) thickness of drug 

particles is much smaller than the thickness of the matrix and (3) drug diffusivity is constant and (4) perfect sink 

conditions are always maintained. The most simplified form of this model is given as: 

Q= KH t1/2                        … (12) 

Where, Q may be taken as the percent release and KH is the Higuchi constant. The release data for the film samples F1 

and F2 was used to plot between Q and t1/2 as shown in Fig.11.   

 
 

Fig-11: Higuchi plot for the samples F1 and F3 

 
The plots obtained were linear, passing through origin with respective regression values of 0.9698 and 0.9862 

respectively. In this way, it appears that this model is fairly applicable on the release data, thus indicating a diffusion-

controlled release mechanism.  

 
4. CONCLUSION 
This study concludes that Carr/PVA films are suitable for the wounds which are having low exudates. In addition, a 

‘diffusion controlled’ release of model drug GS is obtained for the film samples. However, it is still required to 

investigate complete cytotoxic studies of the films and their in-vivo application on the wounds so that a more realistic 

conclusion may be drawn regarding its applications. These studies are under investigations. 
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