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Abstract 
The electrochemical behavior of 1,2-dihydroxy benzene in presence of different 

concentration of L-Valine in aqueous solution with various pH values (5-11), different 

electrodes (Pt, Au, GC) were studied by using cyclic voltammetry, controlled potential 

Coulometry and differential pulse voltammetry. Electro-oxidation of 1,2-dihydroxy 

benzene generates o-benzoquinone which acts as Michael acceptor. L-Valine acts as a 

nucleophile and undergoes 1,4-Michael addition reaction with 1,2-dihydroxy benzene. 

The reaction of o-benzoquinone with L-Valine at moderately high concentration of 

nucleophiles was observed in second scan of potential. After occurring electro-oxidation 

the product is assumed to be 2-((3,4-dioxocyclohexa-1,5-dien-1-yl)amino)-3-

methylbutanoic acid that undergoes electron transfer at more negative potentials than the 

1,2-dihydroxy benzene. The reaction was strongly influenced by pH as well as 

concentration of L-Valine. The concentration effect of nucleophile with fixed 

concentration of 1,2-dihydroxy benzene (2 mM) was measured from 30 mM to 200 mM. 

This nucleophilic addition reaction was most suitable in 100 mM of L-Valine and 2 mM 

of 1,2-dihydroxy benzene at pH 7. The behavior of the reaction was of ECE type 

followed by diffusion mechanism. 

1. Introduction 

Electrooxidation in chemistry is the oxidation of chemical compounds in an 

electrochemical cell. These techniques are based on the application of an electrical 

current between an anode and cathode (different materials are used for each case) in 

order to provide the electromotive force required to generate a series of chemical 

reactions. It is widely used for studying in science and industrial applications. The basic 

setup in electrooxidation is a galvanic cell, a potentiostat and three electrodes. This 

procedure has been used for electrochemical oxidation of 1,2-dihydroxy benzene with L-

Valine. 

1,2-dihydroxy benzene is a colorless compound known as pyro 1,2-dihydroxy benzene 

or 1,2-dihydroxy benzene. This is an organic compound with molecular formula 

C6H4(OH)2. It is ortho isomer of the three isomeric benzenediols. This is found naturally 

in trace amount. At first it was discovered by heavy distillation of the plant extract 

catechin. Approximately 50% of synthetic 1,2-dihydroxy benzene is consumed in the 

production of pesticides, the remainder being used as a precursor to fine chemicals such  
 



 American Journal of Chemistry and Application 2018; 5(1): 8-16 9 

 

 

as perfumes and pharmaceuticals [1]. It is a common building 

block in organic synthesis [2]. The most well-known 

characteristic of the 1,2-dihydroxy benzenes is that they can 

be easily oxidized mainly due to their antioxidant activity 

and low oxidation potentials [3]. The product of oxidation is 

the corresponding reactive and electron-deficient o-quinone. 

One of the most successful in situ generations of reactive o-

quinone species is the electrochemical oxidation [4]. There 

are many reports on electro-oxidation of 1,2-dihydroxy 

benzenes to produce o-quinone as reactive intermediate in 

many useful homogeneous reactions [5]. 

L-Valine is an α-amino acid that is used in the biosynthesis 

of proteins. It contains an α-amino group, an α-carboxylic 

acid group and a side chain isopropyl variable group, 

classifying it as a non-polar amino acid. It is essential in 

humans, meaning the body cannot synthesize it and thus it 

must be obtained from the diet. Human dietary sources are 

any proteinaceous foods such as meats, dairy products, soy 

products, beans and legumes. Along with leucine and 

isoleucine, L-Valine is a branched-chain amino acid. In 

sickle-cell disease, L-Valine substitutes for the hydrophilic 

amino acid glutamic acid in β-globin. Because L-Valine is 

hydrophobic, the hemoglobin is prone to abnormal 

aggregation. L-Valine was first isolated from casein in 1901 

by Hermann Emil Fischer. The name L-Valine comes from 

valeric acid, which in turn is named after the plant valerian 

due to the presence of the acid in the roots of the plant [6-8]. 

Its chemical formula is CH3CH(CH3) CH(NH2)COOH. 

The electrochemical oxidation of 1,2-dihydroxy benzenes 

in the presence of some other nucleophiles such as methanol, 

4-hydroxycoumarin, ethanol, 2-thiobarbituric acid, 4-

hydroxy-6-methyl-2-pyrone, 2-thiouracil, dimedone, 4,7-

dihydroxycoumarin, 4,5,7-trihydroxycoumarin, 4-hydroxy-6-

bromocoumarin, 3-hydroxy coumarin, 4-hydroxy-6-methyl-

a-pyrone, 4-hydroxy-6-methyl-2-pyridone and 4-

hydroxycarbostyrile were studied [9-17]. A few papers have 

been published on electrochemical oxidation of 1,2-

dihydroxy benzenes with some nucleophiles [18]. So far we 

know that the electrochemical behavior of 1,2-dihydroxy 

benzene with L-Valine has yet not been investigated. So, it 

demands detail electrochemical studies of 1,2-dihydroxy 

benzene in the presence L-Valine. In this paper, we have 

studied the electrochemical properties of 1,2-dihydroxy 

benzene in presence of L-Valine with three different 

electrodes (Au, Gc and Pt), different concentration of L-

Valine (30-200 mM), various pH and different scan rate. 

2. Experimental 

1,2-dihydroxy benzene, L-Valine, acetic acid, sodium 

acetate, potassium chloride, sodium di hydrogen ortho 

phosphate and di-sodium hydrogen ortho phosphate were of 

analytical grade (E-Merck). 1,2-dihydroxy benzene and 1,2-

dihydroxy benzene with L-Valine solutions of different 

concentrations were prepared in different pH by using acetate 

or phosphate buffer solutions. Platinum and gold disks of 1.6 

mm in diameter (BASi) and Glassy Carbon disks of 3 mm in 

diameter (BASi) were used as a working electrode for 

voltammetry. The working electrode used in controlled 

potential coulometry was an assembly of three carbon rods 

(6mm diameter, 4cm length). The electrode surface was 

polished with 0.05 µm alumina before each run. The 

auxiliary electrode was a platinum coil (BASi). The reference 

electrode was an Ag|AgCl electrode (BASi). The working 

electrode was then polished on this surface by softly pressing 

the electrode against the polishing surface in the end for 5-10 

minutes. The electrode was then thoroughly washed with 

deionized water. At this point the electrode surface would 

look like a shiny mirror. The Potentiostat/Galvanostat was 

µStat 400 (DropSens, Spain). Nitrogen gas was bubbled from 

the one-compartment cell before electrochemical run. 

3. Results and Discussion 

3.1. Electrochemical Behavior of  

1,2-Dihydroxy Benzene with L-Valine 

Figure 1 shows the electrochemical nature of 1,2-

dihydroxy benzene in absence and presence of L-Valine by 

applying cyclic voltammetry (CV), controlled potential 

coulometry (CPC) and differential pulse voltammetry (DPV) 

analytical techniques. Dashed line indicates the cyclic 

voltammogram of 2 mM 1,2-dihydroxy benzene of Gc (3 

mm) electrode in buffer solution of pH 7 and scan rate 

0.1V/s. The cyclic voltammogram of 1,2-dihydroxy benzene 

exhibits one anodic peak at (0.46V) and corresponding 

cathodic peak at (0.1V) related to its transformation to o-

quinone and vice versa. Solid line shows the CV of pure L-

Valine. Pure L-Valine electrochemically inert hence no sharp 

redox couple was found in the potential range investigated. 

Deep solid line in Figure exhibits the CV of 1,2-dihydroxy 

benzene (2 mM) in the presence of L-Valine (100 mM) in the 

second scan of potential at the same condition. After the first 

scan of potential, Michael acceptor reacts with L-Valine 

hence two anodic peaks at 0.01V and 0.3V and two cathodic 

peaks at -0.31V and 0.8V were observed. The anodic peak A1 

and cathodic peak C1 declined when L-Valine introduced into 

1,2-dihydroxy benzene solution and newly appeared anodic 

peak A0 cathodic peak Co were raised gradually. The increase 

and decrease of anodic and cathodic peak was due to follow 

up reaction of 1,2-dihydroxy benzene with L-Valine. This is 

due to the nucleophilic attack of L-Valine to o-benzoquinone. 

Consequently the concentration of o-benzoquinone in the 

reaction layer was decreased by nucleophilic substitution 

reaction of L-Valine to Michel acceptor, A1 and C1 peaks 

reduced and A0 peak appeared. The anodic peak of 1,2-

dihydroxy benzene in presence of L-Valine was very similar 

to only 1,2-dihydroxy benzene in first scan of potential. But 

in the second scan of potential the peak current of A1 (deep 

solid line) decreased significantly compared with that of free 

1,2-dihydroxy benzene (dashed line). 



10 Firoz Ahmed et al.:  Investigation of Electrochemical Behavior of 1,2-Dihydroxy Benzene in Presence of L-Valine  

 

 

Figure 1. Cyclic voltammogram of 2 mM 1,2-dihydroxy benzene (dashed 

line), 100 mM L-Valine (solid line) and 2 mM 1,2-dihydroxy benzene with 

100 mM L-Valine (deep solid line) of Gc electrode in buffer solution (pH 7) 

at scan rate 0.1V/s (2nd cycle). A0 and A1 are appeared anodic peak and 

anodic peak, C0 and C1 corresponding cathodic peaks. 

From this observations it can be imposed that the 

formation of 2-((3,4-dioxocyclohexa-1,5-dien-1-yl)amino)-3-

methylbutanoic acid through nucleophilic substitution 

reaction (Figure 3). If the constituent is such that the 

potential for the oxidation of product is lower, then further 

oxidation of the product is lower, the further oxidation and 

further addition may occur [19]. From this concept one can 

say that, the oxidation of 1,2-dihydroxy benzene-L-Valine is 

easier than the oxidation of ancestor 1,2-dihydroxy benzene 

in presence of excess amount of nucleophile and this 

substituted product can be further attacked by L-Valine. 

Though, it was not noticed in cyclic voltammogram because 

of the low activity of o-quinone 4 toward 2 but a slight signal 

was seen at differential pulse voltammogram. This behavior 

is in agreement with that reported by other research groups 

for similar electrochemically generated compounds such as 

1,2-dihydroxy benzene and different nucleophiles [9-17, 19-

21]. In absence of other nucleophiles, water or hydroxide ion 

often adds to the o-benzoquinone [22]. 

 

Figure 2. a) Cyclic voltammogram of 2 mM 1,2-dihydroxy benzene with 100 mM L-Valine in the second scan of potential at Gc electrode in buffer solution 

(pH 7) at scan rate 0.05V/s to 0.5V/s. b) Plots of peak current vs square root of scan rate in the same condition. Legend shows the symbol of oxidation and 

reduction peaks. c) Variation of peak current ratio of corresponding peak (Ipa1/Ipc1) and anodic peak (Ipa0/Ipc0) vs scan rate in the same condition. d) Current 

function (Ip/v
1/2) vs scan rate (v). 

Figure 2 (a) demonstrates the CV of second cycle of 2 mM 

1,2-dihydroxy benzene in presence of 100 mM L-Valine of 

Gc (3mm) electrode in buffer solution (pH 7) at different 

scan rates. The peak currents of newly appeared peak were 
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increased by increasing scan rates. At the time of increasing 

scan rate the cathodic peaks were moved towards left 

whereas the anodic peaks were transferred to the right 

direction. The cathodic peak for reduction of o-benzoquinone 

was almost disappeared at the scan rate of 0.05 V/s. By 

increasing the scan rate, the cathodic peak for reduction of o-

benzoquinone begins to appear and increase. Figure 2(b) 

exhibited plots of the anodic and cathodic net peak currents 

of 2 mM 1,2-dihydroxy benzene with 100 mM L-Valine for 

second cycle against the square-root of the scan rates where 

the net current means the second peak subtracted from the 

first one by the scan-stopped method [19]. The nearly 

proportional ratio of anodic and cathodic peaks was 

indicative that the peak current of the reactant at each redox 

reaction was controlled by diffusion process. The 

corresponding peak current ratio (Ipa1/Ipc1) vs scan rate for a 

mixture of 1,2-dihydroxy benzene and L-Valine decreased 

with increasing scan rate firstly and then after 0.3V/s, it was 

almost unchanged (Figure 2c). The appeared peak current 

ratio (Ipa0/Ipc0) vs scan rate for a mixture of 1,2-dihydroxy 

benzene and L-Valinewas firstly increased and then after 

0.4V/s it was almost remain constant (Figure 2c). On the 

other hand, the value of current function (Ip/v
1/2

) was found 

to be decreased with increasing scan rate (Figure 2d). The 

exponential nature of the current function versus the scan rate 

plot indicates the ECE mechanism for electrode process [14]. 

This confirms the reactivity of o-benzoquinone (1a) towards 

L-Valine (2) firstly increases at slow scan rate and then at 

higher scan rate it decreases. 

According to the investigation, it was assumed that L-

Valine (2) undergoes the 1,4-Michael addition reaction with 

o-benzoquinone (1a) leads to product 3. The oxidation of this 

compound (3) was observed easier than the oxidation of 

parent molecule (1) by virtue of the presence of electron 

donating amine group. 

The Cyclic voltammogram of pure 1,2-dihydroxy benzene 

was also observed in buffer solution (pH 7) by varying scan 

rates. The proportionality of the anodic and cathodic peak 

current against the square-root of the scan rates suggests that 

the peak current of the reactant at each redox reaction is also 

controlled by diffusion process. 

Reaction schemes:  

 

Figure 3. Preparation of (S)-2-((3,4-dioxocyclohexa-1,5-dien-1-yl)amino)-3-methylbutanoic acid from Catechol over intermediate reaction between L-Valine 

and O-Benzoquinone. 
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3.2. Influence of pH 

Figure 4(a) shows the CV of 1,2-dihydroxy benzene in 

presence of 100 mM L-Valine with Gc (3mm) electrode at pH 5 

to 11 and scan rate 0.1V/s. The anodic peak potential of 1,2-

dihydroxy benzene shifted towards left with the increase of pH. 

At pH 5 and 11 no new anodic peak were observed and small 

anodic peaks was observed at pH 9 for 1,2-dihydroxy benzene-

L-Valine adduct. From observation it was decided that the 

reaction between o-benzoquinone and L-Valine was not favored 

at these pH. From this observation it can be attributed that at 

acidic medium, the nucleophilic property of amine group was 

diminished through protonation and in basic medium the OH¯ 

acts as strong nucleophile than L-Valine to o-benzoquinone. At 

pH 7 amine group was susceptible for the nucleophilic attack. In 

neutral medium o-benzoquinone undergoes nucleophilic 

substitution by the amine group through 1, 4-Michael addition 

reaction, which reflected that voltammetric new anodic peak 

appeared after repetitive cycling. The peak position of the redox 

couple is found to be dependent upon pH. 

Figure 4(b) shows the plot of peak potential, Ep vs pH. 

The slope of the plot was determined graphically. The slope 

of second oxidation peak was 54.5 mV/pH, which 

corresponded to one electron, one proton transfer process at 

scan rate 0.1V (Figure 3). During the course of reaction not 

only electron but also proton were released from 1,2-

dihydroxy benzene. Other research groups also reported 

similar behavior for 1,2-dihydroxy benzene and its 

derivatives [18, 28]. In both acidic and basic medium the 

peak current ratio decreased. 

The plot of oxidation peak (A0) current, Ip versus pH of 

solution was shown in Figure 4(c). From the Figure 4(c), it 

was seen that the maximum peak current was obtained at pH 

7. Consequently, pH 7 was selected as optimum condition for 

electrochemical study of 1,2-dihydroxy benzene, at which the 

electro oxidation was facilitated in neutral media and hence 

the rate of electron transfer was facile. 

 

Figure 4. a) Cyclic voltammogram of 2 mM 1,2-dihydroxy benzene with 100 mM L-Valine of Gc (3mm) electrode in different pH (5, 7, 9 and 11) at scan rate 

0.1 V/s. b) Plots of peak potential vs pH in the same condition. c) Plots of peak current vs pH in the same condition. 

 

Figure 5. Differential pulse voltammogram (DPV) of 2 mM 1,2-dihydroxy 

benzene with 100 mM L-Valine of Gc electrode in second scan of different 

pH (5, 7, 9 and 11) and scan rate 0.1V/s. 

Differential pulse voltammetry (DPV) technique was 

employed to make the evident of nucleophilic substitution 

reaction of L-Valine on 1,2-dihydroxy benzene. Figure 5 

shows the voltammogram of 2 mM 1,2-dihydroxy benzene in 

presence of 100 mM L-Valine in second scan at different pH 

(5-11). Two well-developed peaks were observed in presence 

of L-Valine on 1,2-dihydroxy benzene solution at pH 7 

(Figure 5). In neutral media, the first and second anodic 

peaks were shown at ~ -0.04, and 0.25V, respectively. A 

weak peak was observed at ~ -0.31V. According to our 

observation peak at ~ -0.31V could be due to the side 

reaction like polymerization or nucleophilic attack on newly 

appeared adduct which had been reported by a group of 

research worker [19]. From Figure 5, it was seen two 

completely separated anodic peaks with high current 

intensity were observed in pH 7, due to the oxidation of o-

benzoquinone-L-Valine derivative and 1,2-dihydroxy 

benzene, respectively. 

3.3. Concentration Effect of L-Valine 

Figure 6(a) shows the CV of different concentration of L-

Valine (30, 50, 100, 150 and 200 mM) with fixed 2 mM 1,2-

dihydroxy benzene of Gc electrode at pH 7 and scan rate 

0.1V/s. The anodic peak shifted positively and a new peak 

appeared at ∼ 0.04V after addition of L-Valine to 1,2-

dihydroxy benzene solution, which suggests the nucleophilic 
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attack of L-Valine on 1,2-dihydroxy benzene and formation 

of 1,2-dihydroxy benzene-L-Valine adduct. After increasing 

L-Valine concentration up to ~100 mM the peak current 

intensity of the newly appeared anodic and cathodic peaks 

were increased. The anodic and cathodic peak current was 

started to decrease after addition of L-Valine more >100 mM 

(Figure 6b) and the nucleophilic substitution reaction of 1,2-

dihydroxy benzene in presence of L-Valine was maximum 

favorable up to 100 mM of L-Valine at pH 7. This was 

related to the increase of the homogenous reaction rate of 

following chemical reaction between o-benzoquinone 1a and 

L-Valine 2 with increasing concentration of L-Valine up to 

100 mM. At higher concentration of L-Valine (>100 mM), 

the excess electro-inactive L-Valine may be deposited on the 

electrode surface and consequently the peak current 

decreased. 

 

Figure 6. a) CV of composition changes of L-Valine (30, 50, 100, 150 and 200 mM) with fixed 2 mM 1,2-dihydroxy benzene of Gc electrode at pH 7 and scan 

rate 0.1V/s. b) Plots of anodic peak current, Ip vs concentration of (30, 50, 100, 150 and 200 mM) L-Valine with (fixed 2 mM 1,2-dihydroxy benzene) in same 

condition. The meaning of A0 is similar to Figure 1. 

 

Figure 7. Differential pulse voltammogram (DPV) of composition change of L-Valine (30, 50, 100, 150 and 200 mM) with the fixed composition of 2 mM 1,2-

dihydroxy benzene in second scan of pH 7 at Epuls 0.02V, tpuls 20ms of Gc electrode and scan rate 0.1Vs-1. 

The concentration effect of L-Valine on 1,2-dihydroxy 

benzene was studied in differential pulse voltammogram. 

DPV of 2 mM 1,2-dihydroxy benzene with 30 to 200mM L-

Valine at pH 7 was studied. There we observed again three 

separated anodic peaks appeared after addition of L-Valine 

into 1,2-dihydroxy benzene similar to Figure 5. In this case, 

the gradual increasing of the concentration of L-Valine up to 

100 mM lead to the increase of first anodic peak current. For 

further increase in concentration from 150 to 200 mM, all 

anodic peaks decreased gradually. In lower concentration of 

L-Valine (<90 mM), the nucleophilic substitution reaction 

took place in comparable degree, whereas increasing the 
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concentration of L-Valine (>90mM) make favorable 

nucleophilic attack of L-Valine toward o-benzoquinone 

generated at the surface of electrode. For further addition of 

L-Valine (>100 mM) into 1,2-dihydroxy benzene solution, 

the excess electroinactive L-Valine deposited on the electrode 

surface and hence the peak current decreases 

3.4. Effect of Electrode Materials 

With the help of CV and DPV, the impact of electrode 

material on electrochemical nature of 1,2-dihydroxy benzene 

in absence and presence of L-Valine was studied by using 

different electrodes like Gc, Au and Pt at different pH and 

scan rate 0.1V/s. Figure 8 shows the Cyclic voltammograms 

of 2 mM 1,2-dihydroxy benzene with 100 mM L-Valine at 

different electrode Gc, Au and Pt electrodes. The current 

height, nature of voltammogram and peak position for the 

studied systems were dissimilar for different electrodes 

although the diameter of Gc electrode (3mm) was higher than 

Au and Pt (1.6mm). Considering peak current, the CV at Au 

electrode was significantly different from those of the Gc and 

Pt electrodes. Gc and Pt electrodes show two redox couple of 

adduct at 0.03/-0.33V and 0.01/-0.3V respectively whereas in 

Au electrode no significant redox couple was observed. The 

voltammetric response and peak current of Gc electrode was 

found much better than Au and Pt electrode under 

investigation of electrochemical properties of 1,2-dihydroxy 

benzene with L-Valine for example change of pH, 

concentration, scan rate etc. Therefore, Gc electrode was 

selected as electrode material to investigate the nature of 1,2-

dihydroxy benzene in presence of L-Valine. 

 

Figure 8. a) Cyclic voltammogram (CV) and b) Differential pulse voltammogram (DPV) of 2 mM 1,2-dihydroxy benzene with 100 mM L-Valine in Gc 

electrode (3.0mm), Gold electrode (1.6mm) and Platinum electrode (1.6mm) at pH 7 and scan rate 0.1V/s. 

3.5. CV of Subsequent Cycles of  

1,2-Dihydroxy Benzene-L-Valine 

Derivative 

Figure 9(a) shows the cyclic voltammogram of the first 15 

cycles of 2 mM 1,2-dihydroxy benzene with 100 mM L-

Valine in buffer solution of pH 7 when the potential range 

lies between -0.8V to 0.9V at Gc (3.0mm) electrode. One 

anodic peak at 0.27V and corresponding cathodic peak at 

0.06V was observed in first cycle with scan rate 0.1 Vs
-1 

which was indicated by dashed line. In subsequent potential 

cycles a new anodic peak appeared at ~ 0.01V and the 

intensity of the first anodic peak current increased 

progressively on cycling but the second anodic peak current 

decreased and shifted positively on cycling. 1,2-dihydroxy 

benzene-L-Valine adduct was formed and consequently the 

intensity of redox couple of 1,2-dihydroxy benzene was 

decreased successively through nucleophilic substitution 

reaction in the surface of electrode (Figure 3). At the time of 

increasing number of cycles the first anodic peak current 

increased up to 10 cycles and then the peak current almost 

unchanged with subsequent cycle. The positive shift of the 

second anodic peak in presence of L-Valine was probably 

due to the formation of a thin film of product at the surface of 

the electrode, inhibiting to a certain extent the performance 

of electrode process. This may be due to the block of 

electrode surface by the newly formed electro-inactive 

species after more cycling. 

Figure 9(b) shows the cyclic voltammogram of the first 15 

cycles of 2 mM 1,2-dihydroxy benzene of Gc (3mm) 

electrode in buffer solution of pH 7 at Gc electrode. The 

voltammogram shows one anodic peak at 0.46V and one 

cathodic peak at 0.09V at scan rate 0.1v/s (dashed line). In 

the rest of cycles no new anodic peak was appeared. This can 

be attributed that 1,2-dihydroxy benzene showed one anodic 

and corresponding cathodic peak related to its transformation 

to o-quinone (Figure 3). During the repetitive cycling, the 

anodic and cathodic peak current ratio was nearly unity 

(Figure 9b) that can be considered as criteria for the stability 

of o-quinone produced at the surface of electrode [22] were 

too slow. In other words, any hydroxylation [23-26] or 

dimerization [27, 28] reactions were too slow that cannot be 

observed in the time-scale of cyclic voltammetry [25]. At 

first cycle no new reduction peak appeared after addition of 

100 mM L-Valine to the solution (Figure 9a). The reduction 

peak shifted due to decrease of 1,2-dihydroxy benzene 

species by addition of L-Valine. A new oxidation peak also 
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appeared at ~0.01V in successive potential cycles (Figure 9a) 

which could be attributed to the oxidation of adduct formed 

between the o-benzoquinone and L-Valine according to 

Figure 3. 

 

Figure 9. a) Cyclic voltammogram of 100 mM L-Valine with 2 mM 1,2-dihydroxy benzene of Gc (3mm) electrode in the buffer solution of pH 7 at scan rate 0.1 

V/s (15 cycles). b) CV of 2 mM 1,2-dihydroxy benzene in the buffer solution of pH 7 at scan rate 0.1Vs-1 (15 cycles). For Figure (a) and (b) first cycle (dashed 

line) and the rest of the cycles (solid line). 

Controlled-potential coulometry was accomplished in 

aqueous solution containing 1 mM of 1,2-dihydroxy benzene 

and 50 mM of L-Valine at 0.35V in pH 7. This technique was 

monitored by CV and DPV (Figure 10). During the time of 

coulometry the height of anodic peak A1 decreased, 

consequently the peaks A0 and C0 appeared. After passing 

some hours, both redox couple of appeared peak did not 

increase with the successive decrease of 1,2-dihydroxy 

benzene which had been shown by both CV and DPV in 

(Figure 10). From this observation, we can conclude that the 

capacitive current was increased or side reactions were taken 

place. These observations allow us to propose the pathway in 

Figure 3 for the electro-oxidation of 1,2-dihydroxy benzene 

(1) in the presence of L-Valine (2). According to our results, 

it seems that the 1,4 addition reaction of 2 to o-quinone (1a), 

reaction (2) was faster than other secondary reactions, 

leading to the intermediate 3. The oxidation of this 

compound (3) was easier than the oxidation of parent starting 

molecule (1) by virtue of the presence of electron-donating 

group. Like o-quinone 1a, o-quinone 4 can also be attacked 

from the C-5 position by L-Valine (2). However, no over 

reaction was observed during the voltammetric experiments 

because of the low activity of the o-quinone 4 toward 1,4-

(Michael) addition reaction with L-Valine (2). 

 

Figure 10. a) Cyclic voltammogram and b) Differential pulse voltammogram (DPV) of 1mM 1,2-dihydroxy benzene in presence of 50mM L-Valine of Gc 

electrode during controlled potential coulometry at 0.3V in pH 7 at scan rate 0.1V/s after consumption of 0-100C. 
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3.6. Effect of Deposition Time in DPV 

Figure 11 shows the DPV of deposition time change (0, 30, 

60, 120 and 180s) of 2 mM 1,2-dihydroxy benzene with 100 

mM L-Valine of pH 7. From the Figure it is clear that, the 

increasing in deposition time leads to develop a new peak at -

0.005V. After increasing deposition time 10s, more 

nucleophilic attack occurred and consequently more 1,2-

dihydroxy benzene-L-Valine adduct was formed, resulting the 

concentration of o-benzoquinone decreased and concentration 

of 1,2-dihydroxy benzene-L-Valine adduct increased at the 

surface of electrode. Maximum peak intensity was obtained up 

to 60s. For further increasing of deposition time from 120 to 

180s, both first and second anodic peak current decreased. 

From this it can be concluded that after increasing of time 

causes a decrease of concentration of o-benzoquinone. 

 

Figure 11. Differential pulse voltammogram (DPV) of deposition time 

change (0, 30, 60, 120 and 180s) of 2 mM 1,2-dihydroxy benzene with 100 

mM L-Valine of pH 7 at Epuls 0.02V, tpuls 20ms and scan rate 0.1Vs-1. 

4. Conclusions 

Cyclic voltammetry, controlled potential coulometry and 

differential pulse voltammetry techniques were employed to 

investigate the electrochemical nature of 1,2-dihydroxy 

benzene in absence and presence of L-Valine. The electro-

oxidation of 1,2-dihydroxy benzene formed Michale acceptor 

which was capable for nucleophilic attack by L-Valine. The 

reaction products transferred electron at more negative 

potential than the 1,2-dihydroxy benzene. The peak current 

of the 1,2-dihydroxy benzene-L-Valine adduct at each redox 

reaction was controlled by diffusion process. The 

nucleophilic substitution reaction of 1,2-dihydroxy benzene 

in presence of L-Valine was maximum favorable at 100 mM 

of L-Valine and at pH 7 in Gc electrode. In this condition it 

can be concluded that the nucleophilic addition of L-Valine 

occurs through an ECE mechanism. 
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