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Abstract: The effects of precipitation pH values on the electrochemical properties of β-nickel hydroxide 

materials synthesized by co-precipitation method have been investigated. . The β-phase of the synthesized nickel 

hydroxide materials have been confirmed by x-ray diffraction studies. The structural characteristics such as 

crystallite size, degree of crystallinity, and capacitance of the electrode of the synthesized β-Ni(OH)2 are 

strongly dependent on the pH values of the co-precipitation reaction. The cyclic voltammetry (CV) studies 

clearly indicate the success of the pH factor by increasing the reversibility of the electrode reaction with a raise 

in the proton diffusion co-efficient within the nickel electrode. The Rct and capacitance of the electrodes have 

been fit to the equivalent circuit in the EIS spectrum. An attempt has also been made to examine the relationship 

between structural characteristics and the electrochemical activity of Ni(OH)2. Finally, at pH 10, the β-Ni(OH)2 

electrode sample exhibits a lesser Rct value compared to its capacitance. 
Keywords: β-Ni(OH)2; pH; cyclic voltammetry; diffusion co-efficient; electrochemical impedance 

spectroscopy; charge-transfer resistance; 

 

I.    Introduction 
Over the past five decades, electrochemical studies of nickel oxide materials have been carried out 

extensively because of their excellent conducting properties that are useful for secondary batteries. Among 

them, Ni-MH and Ni-Cd materials are recognized as ideal candidates for battery applications because of their 

specific energy, sensible cycle ability and high specific power. In addition, the reaction temperature, pH and 

methods of preparation also play a vital role in modifying the structure and crystallinity of Ni(OH)2. The 

changes in the structure, morphology and composition of Ni(OH)2 leads to the formation of polymorphic crystal 

structures, generally represented by the unit areas α and β [1]. Every structure has brucite-like layers that are 

ordered well within the β-phase and randomly stacked within the α-phase. Each structure has brucite-like layers 

that are requested well inside of the β-phase and arbitrarily stacked inside of the α-phase. Further, α-phase is 

significantly larger than the β-phase because of the oversized water molecules and anionic species that 

penetrates into the lattice spacing [2]. Conductor supported α-phase hydroxides unit area possess both lower 

charge and higher discharge voltages. Surprisingly, the basic media (e.g. KOH) used in batteries revert the α-

phase to the β-phase at frequent time intervals. The little auxiliary and electrochemical qualities of β-Ni(OH)2 

materials combined by the co-precipitation technique zone unit intently connected with the amalgamation 

system parameters, similar preparation temperature, pH of response blend, drying temperature, doping parts and 

expansion amount of dopant and so on [3].  Among these synthetic parameters, the precipitation pH is a key 

factor that affects the chemical structure of the crystal, and is subsequently expected to affect the 

electrochemical characteristics of nickel hydroxide. Therefore, an attempt is made through this paper to study 

the influence of chemical precipitation reaction pH values on the structure of β-nickel hydroxide materials 

which has been sparsely investigated in the past. Fig. 1 shows schematic representation of changing the different 

phases of Ni(OH)2 with interlayer distance including oxidation state of Nickel. In order to characterize the 

structure and electrochemical properties of β-Ni(OH)2 samples, x-ray diffraction (XRD), cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS) techniques have been used.  
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Fig. 1 Different phases of Ni(OH)2 with interlayer distance including oxidation state of Nickel. 

 
II.    Experimental 

2.1 Materials  
 Using the co-precipitation methodology, nickel hydroxides were obtained by dropping 4M NaOH 

solution into one hundred cubic centimeters of 1M NiSO4 solution. The samples were prepared at different pH 

(8, 9, 10 and 11) and the reaction temperature was kept constant at 50 
0
C. The precipitate was kept for ageing 

within the mother solution for fifteen hours at 50 
0
C. Further, by using distilled water, the precipitate was 

washed until the washed water reached a neutral pH and then the precipitate was dried for 15 hours at 90 
0
C. A 

fine powder was obtained by grinding the precipitate and these samples were labeled as given in Table. 1. 

 

Table 1 Name of β-Ni(OH)2 samples under different pH. 

 
Name of the samples pH 

A 8 

B 9 

C 10 

D 11 

 

80% of the Ni(OH)2 active material was mixed with 15% of carbon powder to obtain a good quality 

electrically conducting material. In order to extend the mechanical strength, 5 wt. % of polytetrafluoroethylene 

(PTFE) was added and ensured that the mixture was in the form of a paste when placed on a nickel mesh (1 cm 

× a pair of cm). The conductor material was coated by the paste and dried at 80 
0
C for 1 h. later; the pasted 

electrodes were compressed at 20 MPa for 3 minutes to assure smart tangency between the nickel mesh and the 

active material.  
 
2.2 Characterization 

A Philips X’pert-PRO X-ray diffractometer with black lead monochromatized Cu Kα (λ = 1.5418 Å) 

radiation was used to obtain the XRD patterns at a scan rate of a 10
0
 min

−1
 and 2θ steps of 0.05

0
. For cyclic 

voltammetry tests, the measurement was performed on a CHI604E potentiostat having a tri-electrode system, 

consisting of nickel hydroxide electrode, platinum wire and Ag/AgCl as working, counter and reference 

electrodes respectively. The solution with 6M KOH had a scan rate of 10 mV/s, 20 mV/s, 30 mV/s, 40 mV/s and 

50 mV/s and the potential was varied between -1.6 V to 0.6 V (vs. Ag/AgCl electrode). EIS studies were carried 

out at AC amplitude of 5 mV and a frequency range of 1 Hz to 1 MHz. 
 

III.   Result and discussion 
3.1 Scanning electron microscopy 

The surface of Ni(OH)2 powder was examined by scanning electron microscope (SEM). Fig. 2 shows 

the irregular particle shapes exhibited by the synthesized Ni(OH)2 powder in contrast to the industrial Ni(OH)2,  

that are spherical in shape. The irregular shapes could be due to grinding, that has resulted in a greater structural 

disorder. Nickel hydroxide powders with irregular shapes have a higher specific surface area which will offer a 

high density of active sites and therefore, promote intimate interaction between the active material and the 

adjacent electrolyte [4,5]. 
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Fig. 2 SEM images of β-Ni(OH)2 sample. 

 

 

3.2 X-ray diffraction 
The diffraction peaks of the samples at 2θ, 19.30

0
 (0 0 1), 33.10

0
 (1 0 0), 38.70

0
 (1 0 1), 52.10

0
 (1 0 2), 

59.10
0 

(1 1 0) and 62.60
0 

(1 1 1) were indexed well and matched with the representatives of nickel hydroxide 

samples exhibiting characteristics of β-phase with hexagonal brucite structure [3,6-7]. Fig. 3 represents the XRD 

pattern of the as prepared nickel hydroxide samples. All the x-ray diffraction peaks were indexed to a (space 

group: P3m1) crystal section of β-Ni(OH)2, with the lattice constants of a = 3.130 Å and c = 4.630 Å, that  

matches well with the standard literature   values (JCPDS card 74-2075). No alternative peaks for the impurities 

like α-Ni(OH)2 or alternative phases were determined within the pattern. The broadening of XRD peaks might 

have resulted from the minute grain sizes or structural small distortions within the crystal [8-9].Abnormal 

broadening of the (1 0 l) diffraction lines (l  0) within the x-ray pattern cannot be attributed to crystal size 

alone. Hence, structural defects like stacking faults, growth faults, and/or proton vacancies additionally play a 

vital role in explaining the effect of broadening [10-11].  Because of the existence of stacking faults within the 

crystalline lattice of nickel hydroxide powders, the (101) line shows a relationship with the electrochemical 

activity [12-16]. It was observed that the less ordered nickel hydroxide materials characterized by FWHM of the 

(101) line of 0.9 (2θ) exhibits an improved specific capability [12]. The FWHM of the (101) diffraction line of 

the as-prepared nickel hydroxide sample is 1.966 indicating that the sample possess a high density of structural 

disorder [4,17]. For the samples C and D synthesized with higher precipitation pH values, the XRD patterns 

show sharper reflection peaks indicating an increased degree of ordering and crystallinity.  

 

 
 

Fig. 3 XRD patterns of samples A, B, C and D. 
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3.3 Infrared spectra 

Fig. 4 presents the infrared spectra of the as-prepared samples A-D. Infrared spectra are helpful in 

identifying the short-range structure of nickel hydroxide that distinguishes it from the x-ray diffraction patterns 

resulting from long-range phenomena. As noticeable in IR spectra, all four samples show similar characteristics; 

the strong, sharp band targeted at 3640 cm
-1

 corresponds to the ν(OH) vibration, that is typical to IR spectral 

characteristic of β-Ni(OH)2 [18]. The broad bands around 3300 and 1650 cm
-1

are of the ν(H2O) stretching 

vibration and therefore, the δ(H2O) bending vibration of water molecules indicate the presence of a definite 

quantity of water molecules adsorbable on nickel hydroxide [19].These water molecules play a very important 

role in obtaining higher rate-capacity performance of the nickel hydroxide electrodes by providing the necessary 

passage for hydrogen diffusion on the molecular chain between the layers [20]. The two short bands at 1470 cm
-

1
 and 1380 cm

-1
 in each IR spectra may be assigned to the interference from the vibration of carbonate ions [21] 

because of the open system used for synthesis and the band at 1125 cm
-1

 corresponds to the vibration of SO4
2-

 

ion [22]. The strong, slightly IR optical phenomenon at 520 cm
-1

 can be assigned to ν(Ni-OH) vibration, and 

therefore the weak optical phenomenon at 460 cm
-1

 is that of the ν(Ni-O) stretching vibration mode [23]. 

 
Fig. 4 FT-IR spectra of samples A, B, C and D. 

 

3.4 Cyclic voltammetry 

Fig. 5 corresponds to the cyclic voltammograms of β-Ni(OH)2 samples at different pH. The form of the 

curve indicates that the determined characteristic capacitance is distinct from that of the electrical double layer 

capacitor, which might turn out to represent a CV curve that may sometimes be close to a perfect rectangle.  

According to the Randlese-Sevcik equation [24], the height current is symbolized by 

             ip = 2.69 × 10
5 
× n

3/2 
× A × D

1/2 
× C0 × ν

1/2                                                                
(1) 

where number of electron transferred in the reaction, extent of the electrode, diffusion co-efficient, scanning rate 

and initial concentration of the chemical are denoted by n, A, D, ν, and C0 severally.  For the β-Ni(OH)2 

electrode,  

C0 = ρ/M               (2) 

 

Where the theoretical density of β-Ni(OH)2 and also the molar mass of Ni(OH)2 are pictured by ρ and 

M severally. Exploitation the slope of the fitted line in Fig. 5 and Equation (1), the hydrogen diffusion co-

efficient for samples A, B, C and D, the hydrogen diffusion coefficients are calculated. 

Fig. 6 shows the association between the electrode peak current (ip) and also the square root of the scan 

rate (ν
1/2

) for all β-nickel hydroxide electrodes. The linear relationship between information processing and ν
1/2 

confirms that the electrode reaction of β-Ni(OH)2 is controlled by hydrogen diffusion [25]. The hydrogen 

diffusion co-efficient for sample C is calculated to be 5.415×10
-6

 cm
2
s

-1
 that is relatively larger than for samples 

A, B and D (2.022×10
-6

, 4.287×10
-6 

and 2.780×10
-6

 cm
2
s

-1
). The upper hydrogen diffusion co-efficient and 

lower charge transfer resistance in high-density nickel hydroxide is a result of fewer intercalated anions (e.g., 

SO4
2-

, CO3
2-

), additional compact structure, high structural disorder density, and high specific capacity. The high 

density of structural disorder for nickel hydroxide powder is helpful for the acceleration of solid-state hydrogen 

diffusion within the Ni(OH)2 lattice and can diminish the concentration polarization of protons throughout 

charge and discharge, resulting in higher charge-discharge physical behaviour [5]. Moreover, non-spherical 

nickel hydroxide with a high surface area will offers good interconnectivity network between the nickel 

hydroxide particles, and optimum degree of contact between the nickel electrode and the solution, which might 

facilitate the fast movement of electrons and ions within the electrode. 
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Fig. 5 Cyclic voltammograms of different β-Ni(OH)2 samples. 

 

 
 

Fig. 6 Relationship between the cathodic peak current (ip) and the square root of the scan rate for samples A, B, 

C and D. 

 

3.5 Electrochemical impedance spectroscopy 
The impedance spectra of these electrodes show a depressed two-dimensional figure ensuring charge 

transfer resistance within the high-frequency region, and a slope associated with Warburg resistance within the 

low-frequency region [25-27], Fig. 7 presents the electrochemical impedance spectra for electrodes A-D at 

steady state. The resistance of electrode C is far smaller than that of electrode A, B or D, which means that the 

electrochemical reaction on electrode C precedes a lot simpler than on electrode A, B or D. This can be 

additionally related to the charge transfer resistance (Rct) and double layer capacitance (C) values obtained from 

fitting circuits (Fig. 7) for impedance spectra, as given in Table 2.  

In Fig. 8, W represents Warburg part that is within the low-frequency region of impedance spectra; Q1 

represents the constant section that is parallel to the charge-transfer resistance (Rct) and also the low frequency 

capacitance (Q2), and is additionally parallel to the outflow resistance (Rl) [28]. In general, for a plate-like 

electrode, the Warburg slope is proportional to 1/CD
1/2

 and is about 45
0
 wherever C is the concentration of 

diffusive species and D is that the hydrogen diffusion co-efficient. This model is satisfactory for a straight 

forward reaction on plate-like electrodes however; it isn’t adequate for a lot of difficult reactions and porous 

electrodes [29]. The behavior of an electrode with a porous electrode is more complicated. The Warburg slope 

of a porous electrode is between about 22.5
0
 and 45

0
, based on characteristics of an electrode with semi-infinite 
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pores [30]. It is seen from Fig. 7 that the behavior of conductor C is comparable to a plate-like electrode. The 

charge transfer resistance (Rct) and double layer capacitance (C) values measures the two-dimensional figure at 

high frequencies as observed in the resistance plot. From these plots, it is clear that the charge transfer resistance 

is low in sample C compared to samples A, B and D, followed by a rise in the capacitance of the sample C. 

From these knowledge we will clarify that the electrochemical behavior is a lot of once β-Ni(OH)2 samples 

ready in pH scale 10. 

 

 
Fig. 7  Electrochemical impedance spectra of samples A, B, C and D. 

 

 
Fig. 8 Equivalent circuits of impedance spectra for samples A, B, C and D. 

 

 
Table 2 Impedance parameters of different β-Ni(OH)2 samples by using equivalent circuit. 

Name of the Samples RCt/Ω Cdl/F 

A 198.53 0.000358 

B 152.4 0.000585 

C 22.18 0.01742 

D 799.8 1.998 × 10-6 
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V. Conclusion 
β-nickel hydroxide was prepared by co-precipitation method at different pH values. The structure and 

property of the synthesized nickel hydroxide were characterized by SEM, XRD. XRD studies processed that the 

ready nickel hydroxide samples square measure in β-phase. The electrochemical properties of the synthesized β-

Ni(OH)2 materials were analyzed with cyclic voltammetry (CV) and electrochemical impedance spectrometry 

(EIS). The CV studies clearly indicate that the pH scale issue was pleasing in growing the changeability of the 

electrode reaction by increasing the hydrogen diffusion co-efficient at intervals the nickel electrode. The Rct and 

capacitance of the electrodes were recognized by fitting the equivalent circuit for EIS spectrum. Rct of β-

Ni(OH)2 electrode was found to be lower compared to the capacitance wherever pH of Ni(OH)2 sample was 10. 
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