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ABSTRACT: The present study is focused on the electrochemical 

behavior of glycine 4-bromo acetophenonimine (GBAPI) and its Ni(II) 

complex. In buffer solutions (Britton-Robinson universal buffer and 

phosphate buffer) of pH 3 - 9 range, using cyclic voltammetric 

technique. GBAPI is synthesized by the condensation of 4-bromo 

acetophenone and glycine amino acid (1:1 molar ratio). The complex 

is generated by the reaction of nickel (II) acetate and GBAPI in 1: 2 

molar ratio in reflexing alcohol. The process is irreversible and 

diffusion controlled for both GBAPI and Ni(II) complex. The effects 

of change in pH, solvent and sweep rate are evaluated. Kinetic 

parameters (charge transfer coefficient (αn), diffusion coefficient 

(D0
1/2

), rate constant (k°f,h) are calculated from cyclic voltammetric 

measurements. These compounds are screened for their antibacterial 

and antifungal activities and the results are compared with those of a 

standard antibacterial and antifungal drug. 

INTRODUCTION: Complex of Schiff bases have 

not only found extensive applications in design and 

synthesis of organic molecules 
1
, but exhibit 

significant electrical conductivity, host-guest 

chemistry 
2
, sensors 

3
, biological activity 

4
 and 

analytical applications 
5 -  9

. A number of Schiff 

base derivatives have shown interesting biological 

activities such as antibacterial, antifungal, 

anticonvulsant, antimalarial and anticancer 
10 - 13

. 

The electrochemical behaviour associated with 

electron transfer equilibrium and kinetics provides 

information on molecular structure and the 

environment of the basic process.  
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An electrochemical reaction mechanism is the step 

by step sequence of elementary steps, involving at 

least one outer sphere electron transfer, by which 

an overall chemical change occurs. Electron 

transfer is one of the important processes in organic 

chemistry and many organic reactions are driven by 

the electron transfer processes 
14

. Electrochemical 

technique is a novel alternative method in organic 

synthesis, where one can synthesize the desired 

compound by oxidation or reduction of the 

substrate 
15 - 18

. 

The  electrochemical reduction is one of the 

greener approaches because it is pollution free as 

electrons may be regarded as one of the reagents 

and it reduces the use of at least one hazardous 

chemical reagent. Other advantages of this 

technique are specificity, selectivity and cost 

effectiveness 
19

. To investigate kinetics and 

mechanisms of the reactions electrochemical 

techniques are also very powerful and useful, 
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provides alternative synthetic route 
20 - 21

. The 

mechanism of reduction or oxidation of carbonyl 

compounds in aqueous media has been studied 
22

. 

In this paper we are reporting synthesis, spectral 

analysis and cyclic voltammetric analysis of such 

type of glycine 4 - bromo acetophenonimine 

(GBAPI) and its Ni(II) complex. 

Preparation of Schiff Base Ligand: Dry ethanolic 

solution of sodium (0.12 g, 4.5 mM) was added to 

the mixture of glycine and 4-bromo acetophenone 

in ethanol. The condensation product was filtered, 

washed with ethanol and ether, recrystallized with 

ethanol, and dried under reduced pressure. Sodium 

chloride formed during the course of the reaction 

was filtered off. The purity and characteristics of 

the amino acid-ketimine was examined by 

elemental analysis and spectral data. 

Br

O

NH2-CH2-C=O

OH N

H2C

C

O

OH

Schiff base

+

4-bromo acetophenone glycine

Br

SCHEME 1: SYNTHESIS OF 4-BROMOACETOPHENON 

NIMINE (GBAPI) 

Synthesis of Complex: The Ni(II) complex was 

prepared by mixing the methanolic solution of 

Ni(II) acetate (0.015 mol) and  methanolic solution 

of glycine 4-bromo acetophenonimine (GBAPI, 

0.010 mol).  

The resulting mixture was then refluxed on water 

bath for 5 h. The complex formed was filtered, 

recrystallized with ethanol, finally washed with 

petroleum ether (60 - 80°C), the excess solvent was 

removed under reduced pressure. The greenish 

solid product obtained was recrystalized from 

ethanol. Molecular weights of the compounds were 

determined by the Rast’s camphor method. 

C
H2

OH

O N

Br

H2O

OH2

C

Ni

O

N

C CH3

O

O

CH2

C

O

Br

N

CH3C

H2C

+ Ni(CH3COO)2
 .4H2O

M
et h

an
o

l

R
eflu

x
 

 5
 h

o
u
r

+ 2CH3COOH

Br

 
SCHEME 2: SYNTHESIS OF COMPLEX 

 
TABLE 1: ANALYTICAL AND PHYSICAL DATA OF LIGAND AND COMPLEX 

 

Infrared Study: Absence of a υ(C=O) band (1740 

cm
-1

) of ketone and presence of υ(C=N) band 

occurs at 1630-1638 cm
-1

 in the spectra of ligand 

indicates the condensation between ketonic group 

and amino group of amino acid. In comparison 

with the spectra of the GBAPI, the Ni (II) complex 

exhibited the band of ν(C=N) in the region 1600 -

1620 cm
-1

, showing the shift of the band to lower  

 

wave number indicating that the nitrogen is 

coordinated to the metal ion. The broad and strong 

band present in the IR spectra of ketimine in the 

region 3200 - 3400 cm
-1

 disappear in the complex 

formation. The appearance of new bands in the 

region 450 - 470 and 505 - 584 cm
-1

 assign able to 

υM-O and   υM-N   respectively reflects the bonding of 

the metal ions to oxygen and nitrogen atoms 
23 - 24

. 

Ligands and 

complex 

Color 

and State 

 

 

Analysis (%) M. wt Found 

(Calcd.) 

  C 

Found 

(Calcd.) 

H 

Found 

(Calcd.) 

Br 

Found 

(Calcd.) 

N 

Found 

(Calcd.) 

O 

Found  

(Calcd.) 

Ni 

Found 

(Calcd.) 

 

C11H13BrNO2 

(ligand) 

White  and 

solid 

48.73 

(48.93) 

4.83 

(4.85) 

29.47 

(29.59) 

5.17 

(5.18) 

11.80 

(11.85) 

- 270.01 

(271.13) 

C20H22Br2N2NiO6 

(Complex) 

Greenish and 

solid 

39.71 

(39.90) 

3.67 

(3.68) 

26.42 

(26.54) 

4.63 

(4.65) 

15.87 

(15.93) 

9.70 

(9.75) 

601.92 

(604.90) 
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Cyclic Voltammetric Study of GBAPI: In the 

typical cyclic voltammetric experiment, reaction 

mixture consisted of compound solution, methanol/ 

DMF and buffer solution of varying pH. The 

experimental solution was prepared as reported 

earlier 
25

. The solution was deoxygenated by 

nitrogen bubbling for 15 min prior to the 

experiments in order to remove dissolved oxygen 

from the media.  

The electrochemical properties of the GBAPI was 

examined by cyclic voltammeter using a glassy 

carbon electrode as working, platinum as counter 

and Ag-AgCl electrode as reference electrode in 

methanolic /DMF medium containing phosphate 

buffer or BR buffer. Required potential, scan rates, 

current sensitivity, initial potential and final 

potential were applied to record current as a 

function of applied potential 
26

. 

 

 

 

   21001.3 2/12/1

0

2/15  DCAnI nP   

 

In-vitro Antibacterial and Antifungal Assay: The 

biological activities of synthesized GBAPI 

ketimine and its Ni(II) metal complex has been 

studied for their antibacterial and antifungal 

activities by agar and potato dextrose agar diffusion 

method respectively. The antibacterial and 

antifungal activities were done at 20, 40,60 and 80 

μg/mL concentrations in DMF solvent using two 

bacteria (Pseudomonas aeruginosa and Escherichia 

coli) and two fungi (Aspergillus niger and P. 

Chrysogenum) by the minimum inhibitory 

concentration (MIC) method. These bacterial 

strains were incubated for 24 h at 37 ºC and fungi 

strains were incubated for 48 h at 37 ºC. Standard 

antibacterial (Ciprofloxacin) and antifungal drug 

(Ketoconazole) were used for comparison under 

similar conditions. Activity was determined by 

measuring the diameter of the zone showing 

complete inhibition (mm). 

RESULTS AND DISCUSSIONS: Most of  the 

cyclic voltammograms were recorded with an 

initial potential (Ei) +700 mV and final potential 

(Ef) -1500 mV for GBAPI ketimine in the scan rate 

interval 50-250 mV/sec, keeping the pH and the 

concentration of solution constant. The cyclic 

voltammetric parameters for GBAPI ketimine are 

collected in Table 2 - 4 and Fig. 1 - 3 displayed the 

electrochemical behavior of GBAPI in DMF-BR, 

DMF-Phosphate and methanol-phosphate buffer. 
 

TABLE 2: EFFECT OF SWEEP RATE ON VOLTAMMETRIC PARAMETERS OF GLYCINE 4-BROMO 

ACETOPHENONIMINE IN DMF-BR BUFFER AT DIFFERENT pH (3, 5 AND 7) 

pH ν (mVs
-1

) Epc 

(mV) 

Ipc (µA) Ep/2 

(mV) 

Ipc/ ν
1/2

 αn D0
1/2

x10
3 

(cm
2
s

-1
) 

k°f,h 

(cm.s
-1

) 

 

3 

50 -902.40 10.0 -374.80 1.4 0.09743 0.02852 0.00101 

100 -885.43 17.8 -445.20 1.78 0.10835 0.03403 0.00115 

150 -912.44 19.9 -369.20 1.6 0.08781 0.03451 0.00238 

200 -977.03 30.5 -411.42 2.1 0.08433 0.04674 0.00333 

250 -1045.54 45.1 -456.91 2.8 0.08104 0.06293 0.00449 

 

 

5 

50 -998.65 70.6 -508.89 9.9 0.09739 0.20139 0.13099 

100 -1018.63 84.1 -518.55 8.4 0.09538 0.17120 0.00517 

150 -1046.22 90.8 -526.33 7.4 0.09175 0.15406 0.00585 

200 -1073.83 100.2 -501.80 7.0 0.08339 0.15444 0.00830 

250 -1139.35 121.8 -479.81 7.7 0.07232 0.18031 0.01332 

 

 

7 

50 -1117.21 164.0 -558.55 20.0 0.08539 0.49961 0.01081 

100 -1156.60 200.2 -569.72 20.2 0.08128 0.44202 0.01393 

150 -1191.89 244.2 -583.93 18.2 0.07846 0.44807 0.01733 

200 -1202.61 272.7 -589.80 19.1 0.07784 0.43505 0.01928 

250 -1238.21 311.0 -556.25 18.7 0.06995 0.46813 0.02888 
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TABLE 3: EFFECT OF SWEEP RATE ON VOLTAMMETRIC PARAMETERS OF GLYCINE 4-BROMO 

ACETOPHENONIMINE     IN DMF –PHOSPHATE BUFFER AT DIFFERENT pH (5.8, 7 AND 8) 

pH ν 

(mVs
-1

) 

Epc 

(mV) 

Ipc 

(µA) 

Ep/2 

(mV) 

Ipc/ ν
1/2

 αn D0
1/2

x10
3 

(cm
2
s

-1
 

k°f,h 

(cm.s
-1

) 

 

5.8 

50 -893.10 17.5 -813.17 2.47 0.59677 26.31541 0.004570 

100 -939.82 23.0 -801.17 2.31 0.34403 22.03035 0.000212 

150 -940.20 27.7 -849.02 2.26 0.51299 24.48208 0.0050207 

200 -959.78 29.01 -833.90 2.05 0.37893 23.57746 0.005540 

250 -964.35 29.41 -811.75 1.86 0.31258 32.20845 0.000634 

 

 

7.0 

50 -980 36.7 -832.71 5.19 0.32385 25.14186 0.000426 

100 -990.01 40.2 -830 4.02 0.29813 22.54883 0.001108 

150 -1000 42.4 -831.3 3.43 0.28225 21.34328 0.00173 

200 -1010 45.9 -840 3.24 0.28059 21.80868 0.001792 

250 -1020 46.7 -842 2.95 0.26798 25.71511 0.002711 

 

 

8.0 

50 -800.38 28.0 -648.5 3.96 0.31581 17.86783 0.00404 

100 -1029.03 39.6 -769.6 3.97 0.18386 17.04609 0.067645 

150 -1050 48.2 -800.38 3.93 0.19109 22.57557 0.052717 

200 -1060.8 65.1 -843.21 4.60 0.21931 22.37031 0.020473 

250 -1103.23 92.1 -886.9 5.82 0.220 24.76793 0.019193 

 

TABLE 4: EFFECT OF SWEEP RATE ON VOLTAMMETRIC PARAMETERS OF GLYCINE 4-BROMO 

ACETOPHENONIMINE IN METHANOL-PHOSPHATE BUFFER AT DIFFERENT pH (5.8, 7 AND 8) 

pH ν 

(mVs
-1

) 

Epc 

(mV) 

Ipc 

(µA) 

Ep/2 

(mV) 

Ipc/ ν
1/2

 αn D0
1/2

x10
3 

(cm
2
s

-1
) 

k°f,h 

(cm.s
-1

) 

 

5.8 

50 -640.56 0.0221 -391.38 0.0031 0.19143 0.044966 0.000505 

100 -675.07 0.0237 -420.16 0.0023 0.18712 0.034502 0.000469 

150 -696.46 0.0308 -422.94 0.0025 0.17439 0.037907 0.000736 

200 -701.66 0.0362 -441.12 0.0024 0.18308 0.037657 0.000659 

250 -713.89 0.0420 -480.54 0.0026 0.20441 0.036983 0.000387 

 

 

7.0 

50 -767.24 0.0532 -474.50 0.007 0.16294 0.117325 0.001107 

100 -785.97 0.0545 -476.86 0.0054 0.15431 0.087333 0.001312 

150 -806.36 0.0655 -496.03 0.0053 0.15371 0.085866 0.001421 

200 -829.51 0.0678 -498.36 0.0049 0.14404 0.079515 0.00175 

250 -857.48 0.0698 -502.83 0.0044 0.1345 0.075771 0.002118 

 

 

8.0 

50 -889.03 0.0921 -541.51 0.0132 0.13726 0.221299 0.002153 

100 -893.84 0.0878 -528.20 0.0081 0.13046 0.153015 0.002535 

150 -930.24 0.0913 -543.31 0.0074 0.12328 0.133646 0.002841 

200 -967.45 0.1005 -578.90 0.0071 0.12276 0.127673 0.002668 

250 -966.78 0.1168 -612.98 0.0073 0.13482 0.126641 0.001975 

 

TABLE 5: EFFECT OF SWEEP RATE ON VOLTAMMETRIC PARAMETERS OF Ni(II) COMPLEX OF GLYCINE 

4-BROMO ACETOPHENONIMINE IN METHANOL-NaClO4 AT DIFFERENT CONCENTRATION 

Complex conc. ν 

(mVs
-1

) 

Epc 

(mV) 

Ep1/2 

(mV) 

Ip,c 

(µA) 

Ip,c/ ν
1/2

 

 

 

1mM 

50 -507.90 -271.65 0.0190 0.0026 

100 -528.21 -282.51 0.0210 0.0043 

150 -548.75 -293.81 0.0270 0.0044 

200 -549.34 -261.32 0.0240 0.0034 

250 -571.31 -274.31 0.0264 0.0031 

 

 

2 mM 

50 -582.11 -301.25 0.0311 0.0081 

100 -605.39 -335.15 0.0336 0.0067 

150 -617.50 -353.21 0.0352 0.0057 

200 -636.03 -361.05 0.0371 0.0052 

250 -695.30 -371.81 0.0385 0.0048 

 

 

3 mM 

50 -668.28 -383.03 0.0442 0.0124 

100 -688.32 -386.80 0.0468 0.0093 

150 -708.97 -390.73 0.0501 0.0081 

200 -752.47 -402.45 0.0486 0.0068 

250 -775.04 -414.53 0.0521 0.0065 
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FIG. 5: CYCLIC VOLTAMMOGRAMS OF Ni(II)  

COMPLEX (1mM) OF GBAPI IN METHANOLIC MEDIUM  

AT DIFFERENT SCAN RATE 

 

In all the electrochemical experiments, GBAPI 

gave one well defined reduction wave which is 

ascribed to the reduction of the azomethine group (-

C=N- is reduced to the corresponding amino group 

NH3
+
or NH2

+
) in two electrone process 

27
. The 

voltammetric parameters measured over the range 

of scan rates investigated are presented in 

irreversible systems. The peak potential value 

shifted more negatively with an increase in the scan 

rate indicating the electrochemical process was 

irreversible. This means that under these conditions 

the electrochemical process is more irreversible. 

Peak current also increases as the scan rate 

increased for all the compounds. The linear nature 

of Ipc v/s ν
1/2 

plot with an intercept different to zero 

shows Fig. 6 that the reduction of GBAPI is 

diffusion controlled 
28 - 29

. 

Effect of pH: The peak potential value of GBAPI 

is found pH dependent and shift towards more 

negative potentials indicating the involvement of 

protons in the electrode process. The consequence 

increase in the pH value increases the dissociation 

constant of the protonated species and these factors 

FIG. 1: CYCLIC VOLTAMMOGRAMS OF GBAPI IN  

METHANOLIC MEDIUM CONTAINING PHOSPHATE  

BUFFER (pH 5.8) 

 

FIG. 2: CYCLIC VOLTAMMOGRAMS OF GBAPI IN 

METHANOLIC MEDIUM CONTAINING PHOSPHATE 

BUFFER (pH 7) 

 

FIG. 3: CYCLIC VOLTAMMOGRAMS OF GBAPI IN 

METHANOLIC MEDIUM CONTAINING PHOSPHATE 

BUFFER (pH 8) 

 

FIG. 4: CYCLIC VOLTAMMOGRAMS OF Ni(II)  

COMPLEX OF GBAPI IN METHANOLIC MEDIUM  

1- 3mM CONC. AT 50 m Vs-1 SCAN RATE 
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affect the protonation rate and consequently the 

peak potential values of the reduction wave shifts 

to more negative values. The pH (3 - 9) dependence 

of peak potential suggests that a fast proton transfer 

precede main electrode process. 

  
 

 

 

 

Effect of Solvent: The effect of solvent upon the 

reduction of GBAPI was investigated in two 

different medium DMF-phosphate buffer and 

CH3OH - phosphate buffer. It was observed that the 

peak potential shifted to more negative values in 

presence of aprotic solvent (DMF) and magnitude 

of shift depends on the nature of solvent. The order 

of shift observed in present study is DMF-

phosphate> CH3OH-phosphate buffer consequently 

as in DMF- phosphate (-893.10 to -1100.3) and in 

CH3OH-phosphate buffer (-640.56 to -966.78). 

This trend parallels to trend in viscosity of solvent 

(DMF - 0.796 > methanol - 0.544) 
30 - 31

. 
 

Effect of Buffer: Cyclic voltammograms were 

recorded in two different buffer solutions (BR 

buffer and phosphate buffer). Peak potential values 

of the compound are found to be changed with the 

buffer solution. Phosphate buffer is more polar than 

BR buffer because of more ionization of 

components of phosphate buffer. Phosphate buffer 

consists of strong acid and strong base solution and 

BR buffer consists of comparatively weak acid (i.e. 

Acetic acid) so phosphate buffer is more polar than 

BR buffer. This dependence of the peak potential 

on buffer solution indicates that ionization of buffer 

also takes place in the electrode reaction as evident 

from the voltammetric parameters shown in Tables 

2 - 4. Total potential shown in phosphate buffer (-

640.56 shifted to -1103.23) and in BR buffer (-

902.40 shifted to 1238.21). The peak potential 

shifts to less negative values suggesting easy 

reduction in polar solution.   
 

In this process imine group (-C=N-) 4-bromo 

acetophenone glycine amino acid is reduced into 

amine group (-C=NH2
+
) in protic solvent such as 

CH3OH. Since all steps involved in reaction 

mechanism take place at the same potential, there 

occurs a single reduction peak corresponding to 

transfer of two electrons Scheme 3. 

 
SCHEME 3: PROPOSED REDUCTION MECHANISM FOR 

GLYCINE-4-BROMOACETOPHENONIMINE (GBAPI) 

 

In the case complex anodic peak could not be 

realized, which indicated that the electrode process 

is irreversible in nature. The nature of electrode 

process was also confirmed from the peak potential 

values which shifted in the more negative direction 

with an increase in the scan rate. Peak current also 

increases as the scan rate increased for the 

compounds (from 0.0190 to 0.0521 µA). 

 

FIG. 6: CURRENT (Ipc) v/s ν1/2 OF GBAPI IN METHANOLIC 

MEDIUM CONTAINING PHOSPHATE BUFFER AT pH 5.8 

 

FIG. 7: POTENTIAL v/s SCAN RATE IN METHANOLIC 

MEDIUM CONTAINING PHOSPHATE BUFFER AT  

pH 5.8, 7.0 AND 8 
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Effect of Concentration: Effect of concentration 

on the reduction potential was studies by varying 

the concentration of compound from 1mM to 3mM 

at different scan rate. It was observed that the peak 

potential (Epc) shifted towards more negative values 

and the cathodic peak current was found to increase 

linearly as the compound concentration increased. 

The plot of Ipc v/s concentration shows linearity, 

further indicating the electrode process diffusion 

controlled. This kind of shift in Epc in the cathodic 

direction with increasing concentration (-507.90 

shifted to -775.045) indicating that the reduction 

products are adsorbed over the electrode surface, 

this kind of shift has been predicted theoretically 

and observed experimentally 
32

.  

In-vitro Antimicrobial Assay: The growth 

inhibition potential of GBPAI Ni II complex and its 

corresponding ligand towards the test organisms as 

discussed previously was studied. The results are 

summarized in Table 6 - 7. The complex is more 

growth inhibitory then its ligand. The presence of 

nickel in the complex is the main contributor to the 

activity. This enhancement in the activity of the 

metal complex can be explained on the basis of 

chelation theory. It is however, known that the 

chelating tends to make the ketimine act as more 

powerful and potent antimicrobial agents, thus 

inhibiting the growth of bacteria and fungi more 

than the parent ketimine (GBAPI) 
33 - 34

. 

 

TABLE 5: ANTIFUNGAL STUDIES OF KETIMINE GBAPI AND ITS Ni(II) COMPLEX 

Aspergillus niger P. Crysogenum 

Anti-fungal GBAPI Ni(II) complex GBAPI Ni(II) complex 

Stock Conc. 

µg/ml 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

20 15 0.68 14 0.636 04 0.17 06 0.27 

40 18 0.81 17 0.82 06 0.28 09 0.36 

60 24 1.15 24 1.09 09 0.39 12 0.51 

80 26 1.25 28 1.30 11 0.5 14 0.62 

 

TABLE 6: ANTIBACTERIAL STUDIES OF KETIMINE GBAPI AND ITS Ni (II) COMPLEX 

Pseudomonas aeruginosa Escherichia coli 

Anti-bacterial GBAPI Ni(II) complex GBAPI Ni(II) complex 

Stock Conc. 

µg/ml 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

Zone of 

Inhibition 

(mm) 

Activity 

index 

20 15 0.70 14 0.60 04 0.20 08 0.40 

40 10 0.50 15 0.70 08 0.40 06 0.30 

60 14 0.65 15 0.75 10 0.45 012 0.20 

80 16 0.80 18 0.85 11 0.45 12 0.55 

CONCLUSION: Keeping in view of feasibility of 

the site of reduction and on the basis of cyclic 

voltammetric results, the reduction mechanism 

shown in Scheme 3 may be suggested for electro 

reduction of above studied glycine 4-bromo 

acetophenonimine (GBAPI). The mechanism finds 

supports from the Epc and Ep1/2 shift towards 

negative potential with pH, scan rate and 

concentration of compounds. GBAPI as well as its 

Ni(II) complex showed the irreversible nature of 

the reduction.  

Antimicrobial activities of the complex is more as 

comparison of GBAPI, which indicate that’s 

metallation increases the biological activity. 
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