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The impacts of addition of organic compound (anionic surfactant) dodecylbenzenesulphonate (DBS) 

on the electrodeposition of nickel oxide (NiOx) nanoparticles and on the electrocatalytic oxidation of 

glucose from alkaline solution are studied. NiOx nanoparticles are electrodeposited on the surface of a 

glassy carbon (GC) electrode in the presence and absence of the DBS. Cyclic voltammetry (CV), field 

emission-scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) are 

used for characterization of the above electrodes.  The peak current of the redox couple Ni(II)/Ni(III) 

increases with the [DBS] before it decreases at [DBS] > 1×10-4 M. The electrocatalytic activity of the 

NiOx/GC electrode towards the electrochemical oxidation of glucose is affected by the same manner. 

An attempt to correlate this electrocatalytic enhancement with the addition of the DBS is introduced. 

Optimum concentration of the DBS is obtained that gives the best enhancement in the electrochemical 

and electrocatalytic properties.  
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1. INTRODUCTION 

Surface active molecules or surfactants have long been known for their importance from 

technological and academic point of view. It has serious impacts on electrochemical systems which has 

been documented several times [1–4]. The unique chemical and structural features of the surfactants 

such as the hydrophilic moiety of the molecule (the polar head group) which may be positive, negative, 

neutral or zwitterionic and the hydrophobic moiety (the tail) that consists of one or more hydrocarbon 

chains, usually with 6–22 carbon atoms. Two important properties of surfactants are well known. 

Adsorption at interface and aggregation into supramolecular structures are advantageously used in 

electrochemistry. Surfactants are able to modify and control the properties of electrode/electrolyte 
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interfaces. In this context, surfactants in general have been used for different applications which 

include: electroplating [5], fuel cells [6], electrocatalytic and energy conversion systems [7-10]. In 

electrocatalysis, surfactant can be added in situ with the electrochemical reactant [10, 11] or can be 

used during the electrodeposition of the catalyst [12, 13]. For instance, an anionic surfactant was used 

in the electrodeposition bath of MnO2 and obtained a significant increase of the supercapacitance 

performance of MnO2 nanoparticles modified electrode [14]. On the other hand, some authors used 

surfactant as an addition to the electrochemical reaction bath to enhance the electrochemical reaction 

of certain catalyst [15].  

Ni and Ni-based electrocatalysts (e.g., NiO) represents an important category of 

electrocatalysts that have been used in many technological applications.  Most of these applications 

rely on the properties of the redox couple Ni(II)/Ni(III). These applications can be from 

electrocatalysis to supercapacitor and from battery to sensors [16-23].  The electrochemical 

preparation, in specific, is mostly achieved on glassy carbon electrodes. The morphology of the used 

NiOx nanoparticles affects the electrochemical performance of the modified electrode by those 

nanoparticles [24,25]. Many studies on glucose oxidation via different metal oxides with different sizes 

(bulk and nano-scale) including nickel oxide have been reported [26-30]. It is notable that nickel and 

nickel oxides display good electrocatalytic properties in aqueous solutions [31-33]. 

In the present work we aimed to study the impacts of addition of anionic surfactant (DBS) 

during the NiOx electrodeposition in the electroplating bath on the GC surface and on the 

electrochemical characteristic of the GC/NiOx. The impacts of different concentrations of the DBS 

added in the Ni deposition bath will be studied using surface analysis (FE-SEM) and electrochemical 

(CV) techniques. The electrocatalytic oxidation of glucose from alkaline medium will be used as a 

probe reaction to evaluate the impacts of the above factors on the electrocatalytic properties of the 

fabricated NiOx nanoparticles.   

 

 

 

2. EXPERIMENTAL 

All used materials are purchased from Sigma-Aldrich and have been utilized as obtained. All 

solutions were prepared using bi-distilled water. 

 

2.1. Measurements 

Conventional electrochemical cell has been utilized for the experimental study.  This consists 

of a platinum wire and an Ag/AgCl/KCl (sat.) as the counter and reference electrode, respectively. 

Electrochemical measurements were performed using Gamrypotentiostat/galvanostat supported with 

Gamry electrochemical analysis technique. All potentials will be presented with respect to this 

reference electrode. The working electrode was a glassy carbon (d = 3.0 mm). It was cleaned by 

mechanical polishing with aqueous slurries of successively finer alumina powder (down to 0.06 μm) 
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then washed thoroughly with second distilled water. Scanning electron microscope (SEM) images 

were taken using field emission scanning electron microscope, FE-SEM (FEI, QUANTA FEG 250). 

 

2.2. Electrode modification 

GC modification with NiOx was achieved as the following: the potentiostatic deposition of 

metallic nickel on the working electrode (i.e., GC, d = 3 mm) from an aqueous solution of 0.1 M 

acetate buffer solution (ABS, pH = 4.0) containing 1 mM Ni(NO3)2·6H2O with and without the 

addition of different concentration of DBS by using a fixed potential of −1.0 V. Second is the 

passivation of the obtained Ni surface in 0.1 M phosphate buffer solution (PBS, pH = 7) by potential 

cycling in the range of −0.5 to 1 V for 10 cycles at a scan rate of 200 mV/s.  Then activation for 20 

cycles in 0.5 M NaOH solution in the potential range −0.2 to 0.6 V. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical study 

As discussed in the experimental section, the GC/NiOx was prepared in the absence and 

presence of the DBS in the Ni-deposition bath. Two electrodes have been prepared, GC/NiOx and 

GC/NiOx-An. In the first one, NiOx was fabricated such that no surfactant was added to the Ni 

deposition bath while in case of the other electrode (GC/NiOx-An), the NiOx nanoparticles was 

fabricated in different DBS concentrations during the Ni deposition bath in the acetate buffer (pH = 4). 

In all cases, a fixed amount of charge (Q = 25 mC, i.e., 5 min deposition) was passed in order to obtain 

an equal Ni loading upon deposition. In such a case, different time periods will be used to obtain such 

amount of charge. Table 1 shows the time period, tdep required for the deposition or passing 25 mC at 

different DBS concentrations.The table reveals that tdep decreases with the [DBS] before it increases at 

[BDS] > 1×10-4 M.  It implies that the rate of electrodeposition of Ni is faster in presence of DBS 

([DBS] < 1×10-4 M) than in absence of the DBS. The conductivity of the DBS solution increases 

linearly with the [DBS] up to it critical micelle concentration, CMC. The cited value of the CMC of 

the DBS at similar conditions is ~ 5×10-4 M [34].  

 

Table 1. Time required (tdep) for electrodeposition of fixed amount of Ni (Q = 25 mC in all cases) on 

GC using different concentrations of DBS in the nickel bath. 

 

 

[DBS]/ M 

 

0 

 

10-6 

 

5×10-6 

 

 

10-5 

 

 

5×10-5 

 

 

10-4 

 

5×10-4 

 

10-3 

tdep / s 300 223 201 189 173 162 307 

 

332 
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Figure 1 depicts CV responses of GC/NiOx and GC/NiOx-An in 0.5 M NaOH (blank) at scan 

rate of 100 mV s-1. Note that the GC/NiOx and GC/NiOx-An are the NiOx modified GC electrode where 

NiOx was prepared in absence and presence of DBS, respectively. Curve “a” shows the CV response of 

the GC bare electrode and it appears to have no features at the used potential range. Curve “b” shows 

that of GC/NiOx and it reveals the peaks of the redox couple Ni(II)/Ni(III) conversion. The GC/NiOx-An 

was prepared in different concentrations of the DBS that added during the Ni deposition in the range 

between 1×10-6 M DBS (curve c) to 1×10-3 M DBS (curve i). The CVs shows the normal features that 

characterize the redox couple of Ni(OH)2/NiOOH (i.e., Ni2+/Ni3+) according to the reaction below; 

  -

2

-

2 e OH  NiOOH    OHOHNi         (1) 

All CVs reveal the common redox peaks of the conversion, Ni(OH)2 ↔ NiOOH but with a 

height dependent on the DBS concentration. As the DBS concentration increases, the peak current of 

both the anodic and cathodic sweeps increases before it decreases at [DBS] > 1×10-4 M (see Fig. 1). 

Also, a negative shift in the onset potential, Eonst of the redox couple is observed.  Figure 2 (curve A) 

shows the relation of peak current, Ip of the anodic sweep of the Ni(II)/Ni(III) redox conversion as a 

function of the [DBS] concentration. The peak current increases up to [DBS] = 1×10-4 M after which Ip 

decreases to lowers values. At these high concentrations, the DBS tends to form micelles rather than 

adsorbing on the electrode surface. 
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Figure 1. CV responses of GC/NiOx and GC/NiOx-An in 0.5 M NaOH (blank) at scan rate of 100 mV s-

1. Curves: (a) GC, (b) GC/NiOx (without DBS) and (c-i) GC/NiOx-An where the [DBS] is 0, 

1×10-6, 5×10-6, 1×10-5, 5×10-5, 1×10-4, 5×10-4, 10-3, respectively.  
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Figure 2A. The relation of peak current, Ip of the Ni(II)/Ni(III) redox conversion as a function of the 

[DBS] in blank (data taken from Fig. 1). B: The relation of the Ip of glucose oxidation as a 

function of the [DBS] (data taken from Fig. 4). 

 

The reversibility of the Ni(OH)2/NiOOH couple can be illustrated by estimating the CV 

parameters of the above redox couple at different conditions for the GC/NiOx and GC/NiOx-An 

electrodes. Table 2 lists these parameters at different [DBS] concentrations. Those parameters are; the 

anodic and cathodic peak potentials (Epa and Epc, respectively), anodic and cathodic peak currents (Ipa 

and Ipc, respectively), the peak separation, ΔEp and the ratio of the peak anodic current to the peak 

cathodic current.  

 

Table 2. CV parameters of GC/NiOx-An in 0.5 M NaOH at different [DBS] concentrations at scan rate 

100 mV s-1.  The GC/NiOx-An was prepared by adding different concentrations of DBS in the Ni 

deposition bath. 

 

Electrode [DBS]/ 

M 

Epa/ 

mV 

Epc/ 

mV 

ΔEp/ 

mV 

Ipa/ μA Ipc/ μA Ipc/Ipa 

 

 

 

GC/NiOx-An 

0 415 350 65 50 21.9 0.43 

10-6 420 347 73 82.2 36.5 0.44 

5×10-6 425 342 83 91.2 49 0.54 

10-5 430 332 98 113.5 63.5 0.56 

5×10-5 417 327.5 85 146 83.3 0.57 

10-4 420 325 95 170 104 0.62 

5×10-4 412 342.6 69 30 16.7 0.56 

10-3 410 345 65 21 10.4 0.50 
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Figure 3. The effects of potential scan rate, ν on the CV response of the GC/NiOx (A) and GC/NiOx-An 

(B) electrodes in blank 0.5 M NaOH solution (ν: 10. 25, 50, 100 and 200 mV s-1). (C) A plot of 

the peak current for both anodic and cathodic sweeps, Ip with the scan rate, ν (a, b for 

GC/NiOxand a’, b’for GC/NiOx-An).  

 

The results in Table 2 demonstrate that ΔEp are almost equal in all cases with an average value 

of 85 mV. Meanwhile, the ratio Ipc/Ipa is much closer to unity in case of GC/NiOx-An at [DBS] = 1×10-4 

M. This demonstrates that the reversibility in case of the GC/NiOx-An is improved on adding the DBS 
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during the Ni deposition process and is in agreement with the above obtained results. The data in Table 

1 and 2 and in Fig. 2 point to that an optimum DBS concentration of 1×10-4 M is concluded.  

The effects of potential scan rate, ν on the CV response of Ni2+/Ni3+ redox couple of the 

GC/NiOx and GC/NiOx-An (electrodeposited in 1×10-4 M DBS) electrodes in blank 0.5 M NaOH 

solution are shown respectively in Fig. 3A,B.The peak current increases with the scan rate in both 

cases. A plot of the peak current for both anodic and cathodic sweeps, Ip with the scan rate, ν gives a 

straight line in both cases (Fig. 3C) pointing to a surface-confined process in both electrodes. It is 

concluded that there is no change in the nature of the redox the Ni(OH)2 ↔ NiOOH couple on both 

electrodes.  

 

3.2. Glucose oxidation 

In this section the impacts of the above enhancement of the electrochemical characteristics of 

the GC/NiOx on its electrocatalytic activity towards electrooxidation of glucose from alkaline solution 

are studied.  
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Figure 4. CV responses of GC/NiOx and GC/NiOx-An in 0.5 M NaOH containing 20 mM glucose at 

scan rate of 100 mV s-1. Curves: (a) GC, (b) GC/NiOx (without DBS) and (c-i) GC/NiOx-An 

where the [DBS] is 0, 1×10-6, 5×10-6, 1×10-5, 5×10-5, 1×10-4, 5×10-4, 10-3, respectively.  

 

Figure 4 shows CV responses for glucose oxidation on GC/NiOx and GC/NiOx-An using 20 mM 

glucose in 0.5 M NaOH. The GC/NiOx-An was prepared by using different concentrations of DBS (CVs 

from “c” to “i”). The peak current of the glucose oxidation increases with the DBS concentration 

before it decreases at [DBS] > 1×10-4 M (see Fig. 2B). The trend of the Ip with the [DBS] in Fig. 2B in 

presence of glucose is coincidence with that found in Fig. 2A in the blank. It means that the 
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enhancement of the Ni(OH)2 ↔ NiOOH accompanying by an enhancement of the glucose 

electrooxidation. This confirms the rule of the NiOOH species on the mediation of glucose 

electrooxidation. It is worthy to mention that a fixed amount of charge (25 mC) is used in the nickel 

deposition on the underlying electrode for all cases. Hence, the increase in the peak current of glucose 

oxidation is not attributed to a difference in the NiOx amount but rather to the modification upon 

addition of the anionic surfactant in the nickel bath.Figure 5 depicts SEM images of the GC/NiOx (A) 

and GC/NiOx-An (B) and the EDX chart. The GC/NiOx-An was prepared by using [DBS] = 1×10-4 M. 

The two images show similar features and size of the NiOx particles. Semispherical shape with an 

average size of the particles of ~ 80 nm are obtained. It may be concluded that the difference in 

electrochemical activity of the GC/NiOx (A) and GC/NiOx-An is due to adsorption of the DBS onto the 

NiOx particles in case of GC/NiOx-An. The latter adsorption process may facilitate the adsorption of the 

glucose molecules on the electrode surface (GC/NiOx-An) leading to higher rates of the glucose 

electrochemical oxidation reaction.  

 

 

 

Figure 5. SEM images of the GC/NiOx (A) and GC/NiOx-An (B) and the EDX chart. 

 

Figures 6A, B depict the CV responses of GC/NiOx and GC/NiOx-An, respectively at different 

scan rates using 20 mM glucose in 0.5 M NaOH. As the scan rate, ν increases the peak current 

increases. At scan rate > 100 mV s-1,  thecathodic peak of the conversion, NiOOH→ Ni(OH)2 becomes 

more obvious in case of the GC/NiOx-An electrode (Fig. 6B). As it was discussed above that the 

Ni2+/Ni3+ transform is faster than on GC/NiOx-An. As discussed in Figs. 2 and 3, the concentration of 

the nickel species in case of GC/NiOx-An is higher than that of GC/NiOx. Consequently, the cathodic 

peak of the conversion Ni3+ → Ni2+ appears in the cathodic sweep on the GC/NiOx-An electrode. Figure 

6C represents the plot of Ip/ν
0.5 with the scan rate, ν for glucose electrooxidation from 20 mM glucose 

in 0.5 M NaOH on GC/NiOx (A) and GC/NiOx-An (B), respectively. The features of the curves A and B 

are the characteristics for electrocatalytic oxidation process. Note that at lower scan rates there are 

larger differences between the peak currents of GC/NiOx-An than on GC/NiOx. This can be discussed in 
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the light of the larger amount of redox species NiOOH and Ni(OH)2 (see Fig. 1) and hence a lower 

scan rates are needed for glucose oxidation to consume all the available NiOOH.  The above 

enhancement of electrocatalytic activity of Ni-based electrocatalysts have been observed also in 

literatures [35-37]. For instance, Hu et al. found greater electrocatalytic oxidation of 

hydrodehalogenation of 2,4-dichlorophenol on Ni-based catalyst prepared in presence of surfactant 

[38]. The effect of sodium dodecyl sulfate on electrocatalytic characterizations of PPAA/Ni modified 

electrode toward electrocatalytic oxidation of ethylene glycol [39]. 

By considering some literatures for studying the mechanisms of glucose oxidation on Ni-based 

electrocatalysts [40-46], two possible mechanisms for the electrooxidation of glucose molecules on the 

NiOOH catalyst in alkaline medium were proposed. One is the direct oxidation and the other is indirect 

or catalyst regeneration (EC’) mechanism. In the direct oxidation mechanism glucose is oxidized on 

the NiOOH electrode surface (Eqs. (2) and (3)). Several studies discussed the possible mechanisms 

and accordingly the direct mechanism is still valid at the prevailed conditions can be given by; [40-46] 

Ni(III)-glucose → Ni(III)-intermediate     (2) 

Ni(III)- intermediate → Ni(III)-products     (3) 
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Figure 6. The effects of potential scan rate, ν on the CV response of the GC/NiOx (A) and GC/NiOx-An 

(B) electrodes in 0.5 M NaOH containing 20 mM glucose solution (ν: 10. 25, 50, 100 and 200 

mV s-1). (C) A plot Ip/ν
0.5 the scan rate, ν (A:  GC/NiOxand B: for GC/NiOx-An). 

 

The indirect oxidation or catalyst regeneration (EC’) mechanism of glucose on NiOOH catalyst 

is shown below [40-46]. Accordingly, Ni(OH)2 is electrochemically oxidized to NiOOH and then the  

catalytically active NiOOH is chemically reduced to the inactive Ni(OH)2 by glucose oxidation. 

Meanwhile, glucose is chemically oxidized to products. The inactive Ni(OH)2 will be 

electrochemically oxidized to NiOOH due to the prevailing high oxidation potential thus regenerating 

the catalyst for further oxidation of glucose molecules. This can be given by; 

Ni(OH)2(s) + OH- NiOOH(s) + H2O(l) + e-    (4) 

NiOOH(s) + glucose (aq)  Ni(OH)2(s) + products    (5) 

The above two equations imply the catalyst regeneration as per the indirect oxidation of 

glucose. Gluconolactone as well as methanoates and oxalates have been reported as the oxidation 

products of glucose electrooxidation [40-45]. 

Tafel plots for both GC/NiOx (A) and GC/NiOx-An (B) are given in Fig. 7 (A and B) at scan rate 

of 5 mV s-1.  The above results show an increase in the activity of the glucose oxidation on the 

GC/NiOx-An compared to GC/NiOx. Tafel slopes calculated from the above figures to be 120 and 131 

mV dec-1 for GC/NiOx and GC/NiOx-An, respectively. This may imply a similar mechanisms of the 

analyte oxidation on both electrodes and hence it is controlled by one-electron step (see Eq. 3). 
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Figure 7. Tafel plots of A:  GC/NiOxand B: for GC/NiOx-An in 0.5 M NaOH containing 10 mM 

glucose. 
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Figure 8. Effect of [glucose] on the CV response of A:  GC/NiOxand B: for GC/NiOx-An at scan rate of 

100 mV s-1. (C) Ip of glucose oxidation as a function of [glucose].  

 

Figure 8A and 8B show CV responses for glucose electrooxidation at scan rate 100 mV s-1 

from different glucose concentrations in 0.5 M NaOH on GC/NiOx, and GC/NiOx-An, respectively. As 

the [glucose] increases, the peak current increases and the onset potential of glucose electrooxidation 

shifts to more negative values. This demonstrates that glucose oxidation is a diffusion-controlled 

process on both electrodes. A plot of Ip with the [glucose] is given in Fig. 8C for GC/NiOx(a), and 

GC/NiOx-An (b), respectively. A reasonable straight line is obtained up to [glucose] = 10 mM on both 

electrodes which indicates a diffusion-controlled process. The sensitivity of GC/NiOx-An electrode to 

glucose concentrationis higher (higher slope) than that of GC/NiOx. The peak current for glucose 

oxidation on GC/NiOx-An is higher than that obtained on the GC/NiOx electrode which confirms the 

above conclusion of the better electroactivity of the GC/NiOx-An, towards electrocatalytic oxidation of 

glucose.  

 

 

 

4. CONCLUSIONS 

Nickel oxide nanoparticles were fabricated in presence of different concentrations of anionic 

surfactant (DBS) on a GC electrode. In presence of the DBS during nickel deposition, the NiOx 

nanoparticles revealed enhancement of the electrochemical properties. The activity and reversibility of 

GC/NiOx-An in blank 0.5 M NaOH is better than of GC/NiOx. The impacts of the above modification 

on the electrooxidation of glucose as a probe reaction were studied. Optimum concentration of DBS of 

10-4 M was found to give the best activity of GC/NiOx-An in blank (0.5 M NaOH) and in presence of 

glucose.  The SEM images and electrochemical characteristics enabled to discuss the above impacts.  
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