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Ni:ZnO and (Ni:ZnO)/MWCNT thin films were prepared via chemical bath deposition onto in-doped SnO2 (ITO) 

substrates to investigate structural and electrochemical properties. An improving effect on the ZnO hexagonal würtzite 

structure due to a slight decrease in estimated grain sizes with nickel doping and multi-walled carbon nanotubes 

(MWCNTs) coating was established. Surface morphology transformed nanoflower to nanopetal with Ni doping and 

randomly distibuted tubes were observed after MWCNTs coating. Surface impurities caused by Ni doping and nature of 

multi-walled carbon nanotube electron transport capability were influential in improving electrode performance. As a 

cosequence, ZnO thin films can act as a substrate by using them as a seed layer with capacitive behaviour and high 

structural stability in electrochemical studies. 
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INTRODUCTİON 

Recently, as an alternative material to silicon, 

cheap metal oxides (MOs) have attracted attention in 

technological fields such as optoelectronic devices 

[1], gas sensors [2], Li-ion batteries [3] and catalytic 

devices [4]. Their physical and chemical properties 

can be altered by doping and/or C-based material 

nanocomposite. Energy levels of interstitial Zn2+ 

sites and oxygen vacancies, as well as surface shapes 

and particle sizes are effective in improving 

performance [5]. Relatively low-toxic NiO and ZnO 

exhibit rich redox reactions, high electrochemical 

stability and they are abundant in nature. Pure NiO 

and ZnO are p-type and n-type, respectively [6]. In 

addition, sp2 bonded cylindirical and chemically 

stable multi-walled carbon nanotubes (MWCNTs) 

have good mechanical, optical and electrical 

properties [7]. MWCNTs are well-suited to 

obtaining nanocomposites whose charge storage 

properties have been improved with metal oxides 

[8].  

Studies on ZnO as a seed layer have increased 

considerably since 2005, when it was first published 

in the literature [9]. The large majority of these 

studies aim at obtaining a large surface/volume ratio 

of ZnO nanowires or nanorods by benefitting from 

good ZnO seed layer crystallization and 

homogeneous surface morphology [10]. In other 

words, a ZnO seed layer with prevalable c-axis 

orientation, good crystallinity and low lattice stress 

has been shown to allow obtaining of well-aligned 

ZnO nanorods/nanowires with uniform diameters 

and narrow density distributions [11]. In our 

previous study, ZnS films have been produced on 

ZnO seed layers and the most obvious nanorod 

formations have been observed in S:7% films and 

photoluminescence spectra have yielded severely 

changed intensities with sulfur molar ratio [12].   

To our best knowledge, there has been no study 

on the electrochemical properties of Ni:ZnO and 

Ni:ZnO/MWCNTs so far. Only Saravanakkumar et 

al. reported an investigation of photocatalytic and 

antimicrobial applications of NiO doped 

ZnO/MWCNT nanoparticles [13]. My goal is to 

investigate Ni doping and MWCNTs coating effect 

on the defect levels and electrochemical properties 

of ZnO seed layers. 

MATERIAL AND METHODS 

All reagents were of analytical grade and no 

further purification was used. ITO (In-doped Sn2O3) 

substrates were ultrasonically rinsed for 15 min in 

ethanol and hexane. Nanoflower-like ZnO films 

were used as a seed layer from our previous study 

and the same deposition process was realized [14]. 

Then, a molar ratio of silica gel:NiSO4.6 H2O = 

[2:1] was arranged in 100 ml of distilled water. 

Ammonia was added in order to obtain a basic 

aqueous solution. ZnO seed layers were immersed 

in this solution so Ni:ZnO films were obtained. 

Tworking=75±5 ºC and t = 15 min were growth 

temperature and dipping time parameters. 

Thereafter, enough amount of pure MWCNTs 

(>99%) (Nanografi Company/METU) was added in 

this solution and the same growth temperature and 

dipping time parameters were used. Finally, films 

were dried at room temperature for one day and 

were annealed at 600 ºC for 2 h.  * To whom all correspondence should be sent: 
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X-ray patterns of the films were investigated by 

CuKα (1.5406 Å) Rigaku SmartLab X-ray 

diffractometer (XRD) adjusted to 40 mA and 45 kV. 

Film composition was observed by using JEOL-

JSM-7100 F scanning electron microscope (SEM). 

Cyclic voltammetry measurements were conducted 

with 0.1 M (Fe(CN)6)3-/4-/KCl as probe at a scan rate 

of 50 mV/s. Nyquist plots of the samples were 

obtained in the following conditions: 10.0 mM 

(Fe(CN)6)3-/4- solution containing 0.10 M KCl in 

Faradaic mode at a formal potential of +0.18 V with 

frequencies between 10000 and 0.1 Hz and signal 

amplitude of 5 mV at room temperature. All 

characterization studies were realized at room 

temperature.  

RESULTS AND DISCUSSION 

XRD patterns and structural parameters of all 

films are shown in Fig. 1 and Table 1, respectively. 

The lack of impurities or secondary phase indicated 

high-quality film production. However, substrate 

(ITO) related peaks were determined so the 

adhesion level of the coated layers was found to be 

low. All films had hexagonal würtzite ZnO structure 

according to JCPDS card no:36-1451 and they 

crystallized as polycrystalline. Diffraction peaks 

corresponding to (100), (002), (101), (102), (110) 

and (103) planes were observed from X-ray 

diffraction patterns. Ni2+(ionic radius 0.63 Å) ions 

were substituted by Zn2+ (ionic radius 0.74 Å) due 

to nucleation agent alteration because ZnO peaks 

slightly shifted to higher 2θ and there was no other 

secondary phases of Ni. ZnO crystal quality 

decreased with Ni doping which indicates that 

solubility limit of Ni in ZnO was very low at a 

temperature ≫100ºC, as explained by Mandal et al. 

[15]. (Ni:ZnO)/MWCNT samples could be indexed 

by two phases; one was hexagonal würtzite ZnO and 

another was hexagonal C (JCPDS card no:75-1621), 

as expected [16]. ZnO-related peaks intensity 

increase indicated that the chemical stability of 

MWCNTs could contribute to an increase in ZnO 

crystallinity. Grain size (D), lattice strain (ε) and 

dislocation density (δ) given in Table 1 were 

calculated by equations (1) – (3): 

D=0.94λ/βcosθ    (1)  

δ= 1/D2     (2)  

ε= (β/4)cot θ     (3) 

Estimated grain size of the samples (D) was 

calculated from the XRD diffraction patterns by the 

Debye Scherrer equation, as shown in equation (1). 

The lattice parameters (a and c) of the samples were 

measured by this equation using (hkl) Miller 

indices:  

1/d2=4/3(h2+hk+k2/a2)+1/c2.   (4) 

It was determined that the ZnO structure stability 

was enhanced by Ni doping and MWCNTs coating 

process with no relative change in dislocation 

density and lattice strain as shown in Table 1 [17]. 

This might be useful in electrochemical studies when 

ZnO will be used as a substrate. The decrease in 

lattice parameters compared to hexagonal ZnO was 

related to the decrease in unit cell volume and grain 

size [18]. 

 
Fig. 1. XRD patterns of ZnO, Ni:ZnO and (Ni:ZnO)/MWCNT films (* sign associated to ITO related peaks) 



F. Sarf: Structural and electrochemical properties of Ni doped and MWCNTs coated ZnO thin films 

376 

Table 1. Structural parameters of ZnO, Ni:ZnO and (Ni:ZnO)/MWCNT films 
 

 

 

 

Fig. 2. SEM images of a) ZnO, b) Ni:ZnO and c) 

(Ni:ZnO)/MWCNT films. 

SEM images of the films are illustrated in Fig. 2. 

All films have a relatively smooth and non-crack 

surface. Throughout the scanned area, there are no 

cluster forms, especially expected on the Ni:ZnO 

surface. Nanopetal formations are observed in the 

Ni doped ZnO samples, although ZnO films had 

nanoflower shapes due to incorporation of Ni2+ ions 

into ZnO [19]. While the dimensions of nanoflower 

ZnO forms are partially different from each other, 

homogeneous distribution of grain sizes is seen by 

Ni doping. Although the extra MWCNTs dispersion 

process was not implemented, random dispersed 

and relative non-agglomerative tube forms are 

found on the Ni: ZnO surface with MWCNTs 

coating. The cyclic voltammogram curves of ZnO, 

Ni:ZnO and (Zn,Ni)O/MWCNT electrodes to 

evaluate charge transfer properties are shown in Fig. 

3. All samples have capacitive behaviour. They 

show a pair of redox peaks that were attributed to 

the (Fe(CN)6)3-/(Fe(CN)6)4- redox process. The area 

surrounded by the CV curve was enhanced by Ni 

doping because Ni2+ (0.55 Å) ionic radius was 

smaller than Zn2+(0.74 Å) ionic radius so more 

surface impurities might occur. It caused an increase 

in the capacitive performance of ZnO electrode 

[20]. MWCNTs remarkably improved the reactivity 

of ZnO for oxidation process with their high current 

response, as shown in Table 2. Synergy between 

MWCNTs and ZnO/NiO caused an improved 

transport of electrons, therefore more electro-active 

sites might be created by MWCNTs coating due to 

the high conductive nature of MWCNTs [21]. These 

results were in aggrement with previous studies 

[22]. The specific capacity of the electrodes was 

measured by equation (5): 

C=iav/υxm     (5) 

where C is specific capacitance (F/g), iav is the 

average current (A), υ is the potential sweep rate 

(V/m) and m is the mass of the active electrode (g). 

values.  

 2θ  

(°) 

Lattice 

parameters 

(a, c) 

D 

(Å) 

D 

(nm) 

Dislocation 

density  

(δ)  

Lattice strain 

(ε)  

(%) 

ZnO 37.25 3.20, 5.06 2.4137 27.5 13×10-4 6.182 

Ni:ZnO 37.28 3.20, 5.06 2.4116 21.2 22×10-4 7.047 

(Ni:ZnO)/MWCNT 37.27 3.19, 5.06 2.4124 22.3 20×10-4 6.867 

(b) 

(a) 

(c) 
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Table 2. Cyclic voltammogram data of ZnO, Ni:ZnO and (Ni:ZnO)/MWCNT electrodes 

 

 

 
Fig.3. Cyclic voltammogram of ZnO, Ni:ZnO and (Ni:ZnO)/MWCNT electrode 

 

 

Fig. 4. Nyquist plot between a real impedance (Z´) and imaginary impedance (Z´´) of a) ZnO, b) Ni:ZnO and 

(Ni:ZnO)/MWCNT electrodes, c) the circuit used for fitting the impedance 

Although no dramatic change was observed, the 

specific capacitance values increased with Ni 

doping and MWCNTs coating which indicated that 

low concentration of doping element and coating 

material has no effect on the the specific 

capaticance. Electrochemical impedance 

spectroscopy (EIS) is an effective technique to 

investigate reactions at the electrolyte/electrode 

interface. Nyquist plots of the electrodes are shown 

in Fig. 4. There is a circuit diagram in Fig. 4 (c) 

where Rs, Ret, W and C are ohmic resistance, 

electron charge transfer resistance, Warburg 

impedance and double layer capacitance, 

respectively. Nyquist plots consist of two parts 

explaining charge transport and diffusion process 

corresponding to the semicircle in the high-

frequency region and the Warburg line in the low-

frequency region, respectively [23]. In the high-

Sample Anodic peak 

potential (V) 

Epa 

Cathodic peak 

potential (V) 

Epc 

Anodic peak 

current  

(10-4 A) Ipa 

Cathodic peak 

current (10-4 A) 

Ipc 

Peak 

potential 

separation 

ZnO 0.410  0.025 0.185 -0.118 193 mV  

(Zn,Ni)O 0.550  0.043 1.628  -1.429 253 mV 

(Zn,Ni)O/MWCNT 0.495  0.095 2.182 -1.923 200 mV 

(a) (b) 

(c) 
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frequency region, the electron charge transfer 

resistance (Ret) modified by Ni doping and 

MWCNT coating and resistance magnitudes can be 

sorted as RZnO> RNi:ZnO > RNi:ZnO/MWCNT. ZnO 

electrode interfacial electron transfer rate was lower 

than that of the other two electrodes. Grain size 

decrease was associated with decreasing resistances 

from the semicircle in the high-frequency region 

[24]. Grain boundaries of samples were effective in 

the low-frequency region with changing Warburg 

line extrapolation in the limit of low frequency that 

measured as the double layer capacitance [25]. 

Relative Warburg line extrapolation shift showed 

that Ni doping had a role at grain boundaries of 

Ni:ZnO and (Ni:ZnO)/MWCNT. In this 

phenomenon, surface impurities revealed by Ni2+ 

ions might have a major effect at grain boundaries 

and interfaces, as reported by other researchers [26]. 

CONCLUSION 

Polycrystalline nanoflower-shaped ZnO films 

were deposited by chemical bath to determine Ni 

doping and MWCNTs coating effect on the 

structural and electrochemical properties. All films 

have ZnO hexagonal structure while characteristic 

C(002) was observed in MWCNT coated Ni:ZnO 

films. Surface impurities occured by Ni2+ ions, Zn2+ 

sites and oxygen vacancies (VO). High electron 

transport character with MWCNTs coating 

contributed to improvement of electrochemical 

properties. It was shown that ZnO thin films used as 

a seed layer will supply high structural stability and 

electro-active surfaces for electrochemical studies. 

This paper may provide a new path for future 

electrochemical studies featuring ZnO seed layers to 

promote its use in the production of capacitors and 

Li-ion batteries.  
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