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Abstract 
 

Spindle-like cobalt oxide (Co3O4)-zinc Oxide (ZnO) nanocomposites were synthesized by a facile low-temperature (~60 °C) 
solution process and well-characterized by several techniques which revealed the presence of Co3O4 along with ZnO in 
Spindle-like Co3O4-ZnO nanocomposites. The as-synthesized Spindle-like Co3O4-ZnO nanocomposites were analyzed for their 
photocatalytic and sensing properties. The photocatalytic degradation of the aqueous solution of Rhodamine B (RhB) was 
evaluated in the presence of Ultraviolet (UV) radiations. About 98% degradation of RhB was observed within just 50 min. The 
synthesized Co3O4-ZnO nanocomposites displayed prevalent photocatalytic behavior towards the photocatalytic dissociation 
of RhB under optimal experimental conditions than pure ZnO particles. The sensing studies were carried out by using Co3O4-
ZnO nanocomposites modified gold electrode for hydrazine. The modified sensor exhibited good sensitivity of 23.15 µA 
µM−1cm−2and a low-detection limit of 0.05 µM with a short response time of 2 s for hydrazine. The improved photocatalytic 
and sensing activities of the Co3O4-ZnO nanocomposites toward photodegradation of RhB and sensing of hydrazine were 
credited to the associated effects of improved surface area and charge separation efficiencies. 
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1. Introduction  

The accelerated and uncontrolled urbanization, 

industrialization, and population growth have caused serious 

environmental and ecological issues. Impressive intrigue has 

been centered on finding the solutions for effective, easy and 

low-cost detoxification and removal of contaminants from 

wastewater which are delivered into water bodies from 

plastics, textile, paint, pharmaceutical, and paper industries.[1–

4] In particular, the textile, chemical and pharmaceutical 

industries release a large amount of effluent enriched with 

non-biodegradable and highly hazardous organic matters, 

which not only disrupts ecosystems but also seriously 

threatens human health.[5–10] These chemicals are also 

carcinogenic and mutagenic. The consumption of these 

chemicals beyond a permissible limit leads to skin ulcers, 

mucous film ulcers, many skin diseases, severe damage to the 

respiratory and digestive systems and other countless side 

effects.[11–15] Thus, the designing of processes and techniques 

is highly desired to detect and degrade these toxic organic 

matters efficiently.  

Recently, semiconductor metal oxides have been explored 

for their chemical and gas sensing properties as well as for 

photocatalytic degradation of harmful chemicals and dyes 

which otherwise are considered to be non-biodegradable.[16–18] 

The performance of these oxides depends mainly on the 

surface–volume ratio and the presence of surface defects.[19–21] 

These two parameters can be easily tuned either by doping the 

metal oxides with a suitable dopant having excellent redox 

properties or by making composites with other semiconductor 

metal oxides.[22,23] One such metal oxide is ZnO, which is a n-

type semiconductor with bandgap energy of ~3.4  eV.[24,25] It is 

widely explored for its photocatalytic,[26,27] electrochemical 

sensing,[28,29] fluorescence sensing,[30] gas sensing,[31,32] bio-

sensing,[33,34] dye-sensitized solar cells,[35] light emitting diodes 
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(LED),[36] and antimicrobial,[37–39] applications.  

In contrast, Co3O4 is a p-type semiconductor metal oxide 

and is explored mainly as an active catalyst in various electro-

oxidation processes,[40–42] supercapacitors,[43] anodic material 

for Li-ion batteries,[44] etc, due to its excellent redox properties 

attributed to Co2+/3+redox couple.[45] Due to its p-type 

semiconducting nature Co3O4 forms hetero-interfaces with n-

type semiconducting metal oxides like ZnO. In these hetero-

structures, electron flow occurs from ZnO toward Co3O4 

leading to the formation of positively charged holes (h+) on 

ZnO until the attainment of the equilibrium at the hetero-

junctions.[46,47] The presence of e–– h+ pairs at the hetero-

junction improves the sensing and photocatalytic 

performances of the Co3O4/ZnO nanocomposites.[48,49] 

Literature reports a variety of methods for the formation of 

either the doped or composite heterostructures of Co3O4 and 

ZnO. Reda et al.[50] followed a surfactant/template free solid-

state synthetic route for the synthesis of the Co3O4/ZnO p-n 

heterostructure. This heterostructure, as photocatalyst resulted 

in 92.38% of photodegradation of RhB dye within 105 min of 

exposure to UV radiations. Co3O4/ZnO nanocomposites 

prepared via a greener microwave-assisted technique caused 

80% and 90% of the degradation of MB and RhB dyes, 

respectively.[51] Co3O4@ZnO core-shell nanocomposite photo-

electrodes were explored for their behavior toward photo-

induced cathodic protection under visible light. The excellent 

photoelectrochemical properties were due to the narrow 

bandgap p-n junction generated at the interface of Co3O4 and 

ZnO.[52] ZnO/Co3O4 nanocomposite prepared via solvothermal 

route showed better NO2 gas sensing performance than pure 

ZnO nanoparticles.[53] Co3O4 quantum dots/ZnO nanocages p-

n nano-heterojunctions synthesized through an innovative 

one-off processing ZIF-8@ZIF-67 under optimum heat 

treatments exhibited promising trimethylamine gas sensing 

characteristics.[54] Similarly, Co3O4/ZnO nanocomposite 

synthesized via a one-step hydrothermal route also showed 

excellent triethylamine sensing performance.[49] 

Though the photocatalytic activities of the Co3O4/ZnO 

nanocomposites have been exhaustively reported, however, 

the scope of improving the photocatalytic performance, in 

particular, the photodegradation time can still be significantly 

lowered by controlling the composition of the nanoparticles. 

Further reports for the electrochemical sensing of the 

hydrazine are rarely reported for Co3O4/ZnO nanoparticles. 

Herein, the Co3O4-ZnO nanocomposites were prepared 

through a low-temperature precipitation method followed by 

detailed characterization through different techniques. As-

synthesized Co3O4-ZnO nanocomposites were explored for 

their photocatalytic activities towards RhB dye, generally used 

as water tracer dye. Further, the Au electrode modified by 

Co3O4-ZnO nanocomposites was explored for electrochemical 

sensing of hydrazine. Hydrazine is a highly toxic ammonia 

derivative used for the preparation of polymer foams, as 

polymerization catalysts, and for the preparation of pesticides. 

As photocatalyst Co3O4-ZnO nanocomposites showed 

excellent degradation efficiencies towards RhB dye. 

Additionally, excellent electrochemical sensing behavior was 

reported for hydrazine. The possible photocatalytic and 

sensing mechanisms of the Co3O4-ZnO nanocomposites were 

also proposed. 

 

2. Materials and methods 

2.1 Materials 

Zinc nitrate hexahydrate [Zn(NO3)2·6H2O], Cobalt nitrate 

hexahydrate[Co(NO3)2·6H2O] and sodium hydroxide (NaOH) 

of AR grade were purchased from Sigma–Aldrich. Rhodamine 

B (RhB) was purchased from M.P. Biomedicals. All the 

chemicals were used as received without any further 

refinement. Deionized (DI) water was utilized for the 

preparation of analyte solutions for photocatalytic and sensing 

applications. 

2.2 Synthesis and characterization of spindle-Like Co3O4-

konggeZnO nanocomposites 

Synthesis of Co3O4-ZnO nanocomposites was carried out 

through a simple facile procedure in which100 ml of 0.025M 

Zn(NO3)2·6H2O was mixed with 100 ml of 0.00025M 

Co(NO3)2·6H2O solution. After that, 100 ml of 0.025M NaOH 

solution was added dropwise to the reaction mixture. The 

mixture was subjected to vigorous stirring for 30 minutes and 

then finally refluxed at an optimized reaction condition of 60 
oC for 6 h, followed by cooling to room temperature after the 

completion of the reaction. The obtained precipitates of 

Co3O4-ZnO nanocomposites were washed several times with 

DI water followed by ethanol and then dried at room 

temperature.  

The morphological investigations of as-synthesized 

spindle-like Co3O4-ZnO nanocomposites were done by field 

emission scanning electron microscopy (FESEM) JEOL-JSM-

7600F, whereas elemental analysis was conducted by using 

energy dispersive spectroscopy (EDS). The structural analysis 

of the sample was carried out by X-ray diffractometer (XRD; 

PANalytical X’Pert PRO) measured with Cu- Kα radiations 

(λ= 1.542 Å) in the range of 10–80◦ with a scan speed of 8◦/min. 

To examine the optical properties of as-synthesized Co3O4-

ZnO nanocomposites room-temperature UV–Vis spectrum 

(Carry 100 Bio UV–Vis spectrophotometer) was recorded. 

The detailed chemical analysis was done by using FTIR 

(Perkin Elmer-FTIRSpectrum-100) spectroscopy. 

2.3 Photocatalytic degradation of rhodamine B (RhB) 

using spindle-like Co3O4-ZnO nanocomposites 

To study the photocatalytic activity of as-synthesized Spindle-

like Co3O4-ZnO nanocomposites, the photocatalytic 

degradation of RhB was performed using different amounts of 

Co3O4-ZnO nanocomposites under UV irradiation. The 

degradation of RhB was analyzed by measuring the 

absorbance of the aliquots at regular time intervals using UV-

Visible spectrophotometer Cary 100 Bio at λ= 554 nm. The 

degradation reaction was performed in a 250 ml beaker, which 
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contained an aqueous solution of RhB and dispersed Co3O4-

ZnO nanocomposites through sonication, as photocatalyst. A 

125 W Mercury lamp was used as a source of the UV 

radiations. The rate of degradation for the decomposition of 

RhB was estimated by evaluating the change in absorbance. 

The photocatalytic percent degradation was calculated by 

using Eq. 1. 

Degradation = 
𝐴𝑜-A

𝐴𝑜
×100%     (1) 

where Ao=Initial absorbance of aqueous RhB solution in the 

absence of photocatalyst and UV exposure and A = absorbance 

of RhB in reaction suspensions containing the calculated 

amount of the photocatalyst under UV exposure for a definite 

time interval. 

2.4 Fabrication of hydrazine chemical sensor using 

spindle-like Co3O4-ZnO nanocomposites 

Au electrode was polished with 0.1 M alumina slurry, and 

then ultrasonicated in a mixed solution of DI water and ethanol 

for 10 min. The cleaned and dried Au electrode was modified 

by casting the slurry of Co3O4-ZnO nanocomposites prepared 

by adding an appropriate amount of prepared nanoparticles 

and butyl carbitol acetate as a binder. Further, the electrode 

was dried at 60 ± 5 ◦C for 4–6 h to get a uniform layer over the 

entire electrode surface. The electrochemical experiments 

were conducted with a Metrohm Autolab B.V. Type PGSTAT 

128N cyclic voltammeter using the three-electrode 

configuration in which the modified Au electrode, Pt wire and 

Ag/AgCl (sat. KCl) were used as working, counter and 

reference electrodes at room temperature. Phosphate buffer 

solution of concentration 0.1 M having pH 7.0 was used as a 

blank solution. This solution was used for the preparation of 

hydrazine analyte solution for cyclic voltammetric and 

amperometric studies. For amperometric analysis, a constant 

potential of 0.32 V was applied for different concentrations of 

hydrazine.  

3. Results and Discussion 

3.1 Structural and morphological characterization of 

spindle-like Co3O4-ZnO nanocomposites 

To examine the general morphology and size of as-synthesized 

Co3O4-ZnO nanoparticles, FESEM was used (Figs.1(a)-(c)). 

From low magnification FESEM images (Figs.1(a, b)) we can 

conclude that particles are grown in high density with 

spherical and spindle shapes. A high magnification FESEM 

image (Fig. 1(c)) reveals the agglomeration of the 

nanoparticles. Most of the nanoparticles possessed a spindle 

shape with tapered ends with lengths ranging from 100–120 

nm, whereas the thickness at the middle was about 100 nm. 

However, some other irregular shapes for Co3O4-ZnO 

nanoparticles were also observed in the FESEM images. To 

determine the chemical compositions and purity of Co3O4- 

ZnO nanoparticles, the EDS spectrum was recorded as shown 

in Fig. 1(d). There is a clear indication from the spectrum that 

the synthesized sample contains only Zn, O, Co, and no other 

impurity elements. The composition of Co3O4-ZnO 

nanocomposites was estimated to be at 67.87, 25.65, and 6.48 

wt% respectively for Zn, O, and Co as shown in the inset of 

Fig. 1(d). 

 
Fig. 1 Typical (a) and (b) low magnification FESEM images, (c) high magnification FESEM images and (d) EDS spectrum (Inset: 

Elemental composition) of Spindle-like Co3O4-ZnO nanocomposites. 
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Fig. 2(a) shows the XRD pattern of the spindle-like Co3O4- 

ZnO nanocomposites. The apparent diffraction peaks at 2θ 

values of 18.81o, 36.89o, 44.81o, 59.24o and 65.24o are 

assigned to the crystal planes (111), (311), (400), (511) and 

(440), respectively and are the characteristic peaks of the cubic 

spinel phase of Co3O4. The data is consistent with the JCPDS 

card No 42-1467 and the reported literature.[55,56] Other peaks 

at 2θ values 31.57o, 34.40o, 36.20o, 47.64o, 56.68o, 62.84o, 

66.31o, 67.99o, 69.06 o, 72.41o and 76.91o correspond to the 

crystal planes of (100), (002), (101), (102), (110), (103), (200), 

(112), (201), (004) and (202), respectively and are the 

characteristic peaks of wurtzite hexagonal phase of ZnO, 

which can be confirmed from the reported literature.[57–59] and 

the JCPDS card No 36-1451. The sharpness and intensity of 

the observed peaks indicate the high crystallinity of 

synthesized Co3O4-ZnO nanoparticles. The crystallite size (d) 

of the Co3O4-ZnO nanoparticles was calculated using the 

Debye-Scherer equation (Eq. 2).[60]  

𝑑 =
0.90 λ

β cosθ
                    (2) 

where λ = 1.542 Å (Source wavelength), θ = Diffraction angle, 

β = full width half maximum (FWHM). Five high-intensity 

diffraction peaks were considered for the calculation of 

FWHM values. The corresponding crystal parameters are 

portrayed in Table 1. The average particle size for Co3O4-ZnO 

nanocomposites was 19.95 nm. 

Table 1. Crystalline parameters for Spindle-like Co3O4- ZnO nanocomposites. 

Diffraction planes (hkl) Diffraction angles (o) FWHM (β) The crystallite size (nm) 

ZnO (100) 31.57 0.40501 20.40 

ZnO (002) 34.40 0.40038 20.79 

ZnO (101) 36.20 0.50053 16.71 

ZnO (102) 47.64 0.39830 21.82 

ZnO (110) 56.68 0.45095 20.03 

 
Fig. 2 (a) Typical XRD pattern, (b) UV-Vis., (c) FTIR, and (d) Fluorescence spectra of Spindle-like Co3O4-ZnO nanocomposites. 
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Fig. 2(b) shows the room temperature optical absorption 

spectra of spindle-like Co3O4-ZnO nanocomposites. We 

observe a sharp absorption peak in the UV region with a broad 

absorption range in the visible region, which can be attributed 

to the doping of Co3O4 in the ZnO matrix within the employed 

concentration range of dopant. The optical energy gap (Eg) of 

the Co3O4-ZnO nanocomposites was calculated by using 

Plank’s equation (Eq. 3). 
34 8 1

9 19 1

6.626  10  3  10
3.08 

max 403  10  1.6 x 10 .
g

hc Js ms
E eV

m J eV

− −

− − −

  
= = =

 
  (3) 

where Eg is the bandgap energy, h is the Planks’ constant 

(6.626×10-34 Js), c is the velocity of light (3×108 m/s), and λmax 

= 403 nm. The calculated optical band gap of as-synthesized 

Co3O4-ZnO nanocomposites was found to be 3.03 eV. Further, 

the direct band gaps of pure Co3O4 and ZnO are estimated to 

be 2.76 and 3.40 eV respectively, whereas the presence of a 

single peak at 403 nm corresponding to 3.08 eV bandgap in 

the case of spindle-like Co3O4-ZnO nanocomposites, indicates 

well mixing of the cubic phase of the Co3O4 and Wurtzite 

hexagonal phase of ZnO. 

The chemical composition of Co3O4-ZnO nanocomposites 

was investigated by FTIR spectroscopy carried out at room 

temperature between 450–4000 cm−1 shown in Fig. 2(c). 

Several peaks at 490, 992, 1390, 1497 and 3416 cm−1 were 

found in the FTIR spectrum. The vibrational peak near 490 

cm−1corresponds to the M-O bond which arises from the 

stretching mode of the Zn-O and Co-O bonds.[24,25] The small 

but sharp peak at 1457 cm−1is due to the bending vibration 

mode water. A well-defined absorption band at 3416 cm−1 is 

related to the O-H stretching vibrations for the physisorbed 

water molecules.[28,32] 

To obtain information regarding defects and recombination 

of charge carriers present in pure ZnO and Co3O4-ZnO 

nanocomposites, we recorded the fluorescence spectra at an 

excitation wavelength of 390 nm of pure ZnO and Co3O4-ZnO 

nanocomposites. It is clear from Fig. 2(d) that pure and Co3O4-

ZnO samples exhibit strong emission peaks around 400 nm 

corresponds to zinc vacancy-related defects. A sharp decrease 

in peak intensity was observed in the presence of spindle-like 

Co3O4-ZnO nanocomposites compared to pure ZnO signifies 

the lower recombination rate of charge carriers. We can thus 

conclude that doping of ZnO nanomaterials with Co3O4 will 

significantly enhance the photocatalytic and sensing efficiency. 

 

3.2 Photocatalytic degradation of RhB dye using Co3O4-

ZnO nanocomposites 

The organic dyes released by textile industries are considered 

as one of the major water pollutants because of their high 

resistance to chemical, biological, and photochemical 

degradation. The degradation efficiency of spindle-like 

Co3O4-ZnO nanocomposites was studied using RhB as a 

model dye under UV radiations. To evaluate the photocatalytic 

performances, a mixture of 100 ml of 10 ppm RhB dye and 

different amounts of Co3O4-ZnO photocatalyst for various 

time intervals was irradiated with UV radiation. The change in 

absorbance value is observed as a function of UV radiation 

exposure time and the photocatalyst concentration to 

determine the percent rate of degradation. 

 

Effect of Co3O4-ZnO nanocomposites dosage of 

photodegradation of RhB 

After establishing the synthesis and characterization of 

spindle-like Co3O4-ZnO nanocomposites, the synthesized 

nanoparticles were studied for their photocatalytic abilities for 

RhB degradation as a function of UV radiations. In a typical 

reaction procedure, various concentrations of spindle-like 

Co3O4-ZnO nanocomposites (0.05, 0.10, and 0.15 g) were 

individually mixed with 100ml of RhB solution (10 ppm) then 

stirred for 1 hr to attain the absorption ⇌ desorption 

equilibrium. The reaction mixture was then exposed to a UV 

light source maintained at a constant distance of 20 cm from 

the beaker and was continuously stirred to ensure full 

suspension of the particles throughout the experiment. The 

absorption intensities of the aliquots were measured with the 

help of a UV-visible spectrophotometer at λmax 554 nm. Fig. 

3(a) represents the change in absorption intensity (A/Ao) while 

Fig. 3(b) gives the percentage photodegradation of RhB as a 

function of photocatalyst dosages. Scrutiny of the obtained 

results revealed that up to 98% degradation was observed 

within 50 minutes using 0.15g of Co3O4-ZnO against 10ppm 

RhB, however about 88 and 80% photodegradations were 

observed using 0.10 and 0.05g of the photocatalyst. It was 

observed that the spindle-like Co3O4-ZnO nanocomposites 

showed better photocatalytic performances compare to the 

pure ZnO nanoparticles (Fig. 3(c)). From these results, it is 

concluded that Co3O4 as a dopant efficiently improved the 

photocatalytic degradation of the RhB. Based upon Langmuir-

Hinshelwood pseudo-first-order kinetic, Eq. 4 was used to 

analyze the kinetics of the photodegradation of the RhB dye 

by spindle-like Co3O4-ZnO nanocomposites.[25,37,58,61] The 

kinetics graph was plotted between ln
𝐶𝑜

𝐶
  and radiation time 

exposure (t) keeping the intercept = 0.  

ln
𝐶𝑜

𝐶
= kt +  0        (4) 

where Co = initial dye concentration, C = dye concentration 

after UV radiation exposure time (t), k = rate constant (min-1). 

The photodegradation of RhB followed pseudo-first-order 

kinetics in the presence of spindle-like Co3O4-ZnO 

nanocomposites as a photocatalyst, since a straight-line is 

obtained. The value of the k is equal to the slope i.e.  

6.869×10-2 min-1 of the linear plot (Fig. 3(d)). The 

corresponding half lifetime t1/2 was as low as 10.08 min. This 

indicates a very fast degradation of RhB dye and highly 

efficient photocatalytic activity of the spindle-like Co3O4-ZnO 

nanocomposites. 

Fig. 4(a) is representing the molecular structure of the RhB 

dye whereas Fig. 4(b) is exhibiting the real-time changes of 

the absorption intensities as a function of UV radiation 

exposure time for the photodegradation of RhB in the presence  
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Fig. 3 (a) A/Ao variations for RhB dye, (b) Percentage photodegradation as a function of spindle-like Co3O4-ZnO nanocomposites 

dosage, (c) Comparative percent photodegradation by pure ZnO and spindle-like Co3O4-ZnO nanocomposites vs. irradiation time 

and(d) Pseudo-first order kinetics for RhB dye in presence of spindle-like Co3O4-ZnO nanocomposites as photocatalyst. 

 

of spindle-like Co3O4-ZnO nanocomposites. For all the 

absorbance plots a strong absorption band λmax. 554 nm can be 

seen. The decrease in the absorption maxima with irradiation 

time confirms the degradation of the RhB dye and the efficient 

photocatalytic activity of spindle-like Co3O4-ZnO 

nanocomposites. 

The state-of-art comparison of the photocatalytic 

efficiency of the spindle-like Co3O4-ZnO nanocomposites for 

RhB as compared to recently reported other metal oxide 

photocatalysts is shown in Table 2.[62-70] 

The better photocatalytic activity of spindle-like Co3O4- 

ZnO nanocomposites as photocatalyst than pure ZnO is due to 

the synergism between Co3O4 and ZnO metal oxides along 

with better charge separation than pure ZnO. Under photo-

induction, electrons from the valance band (VB) are excited to 

the conduction band (CB).[71] For better photocatalytic effects, 

there should be the presence of a sufficient number of free 

electrons in CB and positively charged holes (h+) in the VB of 

the semiconductor metal oxide.[72,73] These species are 

responsible for the formation of oxygenated free radicals and 

anions which cause the photocatalytic degradation of the dyes. 

The low bandgap of Co3O4 (2.76 eV) results in fast e–– h+ 

recombination while a large bandgap of 3.40 for ZnO forbids 

the transitions of the electrons from the VB to the CB.[74] This 

reduces the sufficient number of h+ in the VB and free 

electrons in the CB. In contrast, an intermediate bandgap of 

3.08 eV for spindle-like Co3O4-ZnO nanocomposites is quite 

appropriate and avoids both these limitations. The photo-

induced electrons and holes relocate at the surface of the 

spindle-like Co3O4-ZnO nanocomposites to react with the 

adsorbed O2 and result in the formation of highly reactive free 

radicals such as 𝑂2
−•, HO2

• , and HO•  through a series of 

reactions (Eqs. 5-10).[75] There is a fast electron transfer from 

the CB of the p-type Co3O4 into the CB of n-type ZnO while 

holes are transferred from the VB of ZnO to the VB of the 

Co3O4 (Fig. 5).[76] 
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Table 2. Comparative analysis of the photodegradation efficiency of spindle-like Co3O4-ZnO nanocomposites for RhB as compared 

to other reported photocatalysts. 
Photocatalyst [Dye] 

(ppm) 

Catalyst dosage 

(g/100 mL) 

Irradiation time (min) Degradation (%) Ref. 

Co3O4/ZnO nanocomposite 10 0.01 400 89.0 [51] 

CeO2/Y2O3 heterostructures 20 0.04 60 98.0 [62] 

TiO2/ZrO2 composites 10 0.05 270 90.5 [63] 

ZnO nano/micro materials 2.5 0.005 180 100.0 [64] 

3D flower sphere-like BiOI/Fe3O4 

microspheres 

20 0.05 30 96.5 [65] 

Nanostructured Zn doped Cobalt 

ferrite 

10 0.031 180 100.0 [66] 

CdS/ZnO nanorod 5.0×10−5 M 0.001 480 85.0 [67] 

ZnO nanostructures 10 0.1 120 97.0 [68] 

ZnO nanoparticles 10 0.15 70 95.0 [69] 

ZnO–Ag nanocomposite 5 0.05 30 100.0 [70] 

Spindle-like Co3O4- ZnO 

nanocomposites 

10 0.15 50 98.0 This work 

 

 
Fig. 4 (a) Molecular structure of RhB dye and (b) UV-Visible 

spectra of RhB (10ppm) containing 0.15g of spindle-like Co3O4- 

ZnO nanocomposites at different intervals of time. 

 

H2O2 +  O2
- • → OH

•
+OH

-
+O2   (8) 

Co3O4(hVB
+

) +H2O →  OH
•
+Co3O4  (9) 

OH
•
+RhB → Degradation products   (10) 

 

3.3 Voltammetric response of Co3O4-ZnO nanocomposites 

modified gold electrode towards oxidation of hydrazine 

The electrocatalytic behavior of spindle-like Co3O4-ZnO 

nanocomposites was evaluated by carrying out a hydrazine 

oxidation reaction. The CV responses of the Au modified 

hydrazine chemical sensor are shown in Fig. 6 in the absence 

and presence of 1.0 mM hydrazine at the scan rate of 100 mV/s. 

There was no obvious redox peak observed in the case of 0.1M 

PBS solution (pH=7). However, a dramatic enhancement in 

anodic peak (Ipa=13.02 µA) was observed at the potential of 

0.32 V with 1.0 mM hydrazine under the same experimental 

conditions. This rapid increase in current exhibits the faster 

electron exchange in the case of spindle-like Co3O4-ZnO 

nanocomposites modified Au electrode. Therefore, spindle-

like Co3O4- ZnO nanocomposites can be served as a potential 

scaffold for electrochemical detection of hydrazine. 

 
Fig. 5 The proposed photocatalytic mechanism for the RhB dye 

degradation by spindle-like Co3O4-ZnO nanocomposites. 
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3.3.1 Effect of scan rates on electro-oxidation of hydrazine 

The influence of increasing scan rates, varying from 50-1000 

mV/s on the anodic peak current was investigated and is 

illustrated in Fig. 7(a). It exhibited a linear relationship 

between anodic peak current vs. square root of the scan rate 

(ν1/2) with R2 = 0.99184 (Fig. 7(b)). Hence electro-catalytic 

oxidation of hydrazine on the modified electrode is controlled 

by diffusion. 

 
Fig. 7 (a) CV curves for 1.0 mM hydrazine in 0.1M PBS at 

different scan rates 50-1000 mV/s and (b) Plot for the dependence 

of anodic peak current with the square root of scan rate (ν1/2). 

 

3.3.2 Amperometric behavior of Co3O4-ZnO 

nanocomposites modified Au electrode for hydrazine 

To further investigate the performance of as-synthesized 

spindle-like Co3O4-ZnO nanocomposites towards hydrazine  

sensing in detail, amperometric analysis was examined under 

stirred conditions since amperometry under stirred conditions 

gives better current sensitivity as compared to voltammetry. 

Fig. 8(a) illustrates the current-time response of the as-

fabricated electrode with the successive additions of hydrazine 

in 0.1M PBS (pH=7) in the time interval of 100 sec. at 0.34 V. 

With the addition of hydrazine, the electrocatalytic current 

increased abruptly and obtained a steady-state within 2s, 

manifesting a quick response time for the as-fabricated sensor. 

A corresponding calibration curve is plotted in Fig. 8(b). The 

sensitivity of the as-fabricated electrode was evaluated from 

the slope of the calibration curve. It showed a high and 

reproducible sensitivity value of 23.15 µA·µM−1·cm−2 with 

R2=0.97487. The detection limit was calculated to be 0.05 µM 

based on the signal-to-noise ratio (S/N). Moreover, the 

response current is linear with increased hydrazine 

concentration (0.05 µM – 2.35 µM). 

 
Fig. 8 (a) The amperometric response of the fabricated Au 

electrode with successive additions of hydrazine into 0.1 M PBS 

buffer solution (pH 7.0) at the time gap of 100 sec. and (b) 

Calibration plot between current vs. hydrazine concentrations. 

 

The electrochemical hydrazine detection parameters such as 

sensitivity, response time, the limit of detection, and linear 

dynamic range are compared with earlier reported hydrazine 

sensors (Table 3). The data reveals that the spindle-like Co3O4-

ZnO nanocomposites modified Au electrode is a superior 

electrochemical sensor as compared to other hydrazine sensors. 

Owing to the superior sensing parameters, spindle-like 

Co3O4- ZnO nanocomposites is a quite promising pathway for 

developing non-enzymatic hydrazine sensors. 

-1.0 -0.5 0.0 0.5 1.0

-20

-10

0

10

20

30

40

50

60
1000 mV/s

 

 

C
u

r
r
e
n

t 
(

A
)

Potential (V) vs. Ag/AgCl

50 mV/s

0.2 0.4 0.6 0.8 1.0

10

20

30

40

50

60

 

 

P
e
a

k
 c

u
r
r
e
n

t 
(

A
)

1/2

Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

29.10917

Pearson's r 0.9962

Adj. R-Square 0.99184

Value Standard Error

B Intercept -1.49354 0.88208

B Slope 58.2887 1.41245

(a)

(b)
0 300 600 900 1200

1.0

1.5

2.0

2.5

3.0

2
.3

5
 

M

2
.1

0
 

M

1
.8

5
 

M

1
.5

9
 

M

1
.3

3
 

M

1
.1

0
 

M

0
.8

8
 

M

0
.6

6
 

M

0
.4

6
 

M

0
.2

9
 

M

0
.1

4
 

M

 

 

C
u

rr
en

t 
(

A
)

Time (sec)
0
.0

5
 

M

0.0 0.5 1.0 1.5 2.0 2.5

0.9

1.2

1.5

1.8

2.1

2.4

2.7

 

 

C
u

rr
en

t 
(

A
)

[Hydrazine] (M)

Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

0.08332

Pearson's r 0.98851

Adj. R-Squar 0.97487

Value Standard Erro

B
Intercept 1.03583 0.04584

Slope 0.72735 0.03517

(a)

(b)



Research article                                                                                                          Engineered Science 

296 | Eng. Sci., 2021, 16, 288-300                                                                     © Engineered Science Publisher LLC 2021 

Table 3. Comparison of amperometric responses of modified electrodes for electrocatalytic detection of hydrazine.
Electrode Material Sensitivity 

(µA µM−1cm−2) 

LDR 

(µM) 

LOD 

(µM) 

Ref. 

PEDOT:PSS/ZnO 0.14 10–500 5.0 [77] 

ZnO nanorods/Au 0.0038 3.0–300 2.0 [78] 

Ag-doped ZnO nanoellipsoids 9.46 0.07-1.0 0.07 [79] 

Nano-Au ZnO-MWCNT 0.0428 0.5–1800 0.15 [80] 

ZnO nanoparticles/Au 1.6 0.066–425 0.066 [81] 

Polythiophene (PTh)/mesoporous ZnO 1.22 0.5 – 48 0.207 [82] 

Sn/ZnO NPs 5.0108 0.002–200 18.95 [83] 

Mesoporous Au/ZnO 0.873 0.2–14.2 0.242 [84] 

ZrO2 NPs/Au electrode 8.99 - 1.05 [85] 

Spindel shaped Co3O4 -ZnO 

nanocomposites /Au 

23.15 0.05-2.35 0.05 This work 

 

3.4 Proposed mechanism for sensing behavior of spindle-

like Co3O4-ZnO nanocomposites 

The formation of p-n heterojunctions in Spindle-like Co3O4- 

ZnO nanocomposites lowers the conductance and enhances 

the resistance of the nanomaterials in the air (O2).[54,86] This is 

attributed to the consumption of the CB electrons for the 

formation of oxygenated anionic and free radical species 

like 𝑂2
−•, HO2

• , O2
− , O2

2−, O2−and HO•  from the adsorbed O2 

on the surface of the nanomaterials as mentioned earlier in the 

photocatalytic mechanism.[87,88] Though, the density of these 

species is much more under UV light irradiation which is 

favorable for the fast degradation of the dyes. Additionally, the 

electron-depletion layer and hole-accumulation layers are also 

formed near the surfaces of the Co3O4 and ZnO components, 

respectively.[89–91] The surface adsorbed oxygenated species 

oxidize the hydrazine as soon as it comes in contact with the 

nanoparticles. The H• radical abstraction has also been 

reported from the N2H4 molecules by the OH• radicals.[92] This 

oxidation discharges the electrons which are moved back to 

the CB of the Co3O4 and ZnO leading to decreased resistance 

and increased conductivity. Thus, an increase in the 

concentration of the N2H4 increases the current potentials of 

the nanomaterials as is observed in this study. 

N2H4+O2
-
 → N2+2H2O+e-    (11) 

N2H4+2O
2-

 → N2+2H2O+4e-             (12) 

N2H4+O2
2-

 → N2+2H2O+2e-             (13) 

N2H4+OH
•
 → N2H3

• +2H2O              (14) 

The proposed sensing mechanism for the electrochemical 

sensing of N2H4 is shown in Fig. 9. 

 

4. Conclusion 

In conclusion, we have successfully grown spindle-like 

Co3O4-ZnO nanocomposites via the facile solution process. 

Various characterization techniques viz (XRD, FESEM, EDS, 

FTIR, and UV) confirm the successful incorporation of cubic 

Co3O4 in the hexagonal ZnO matrix. Spindle-like Co3O4- ZnO 

nanocomposites showed excellent photocatalytic as well as 

electrochemical sensing properties. We observed that the 

incorporation of Co3O4 to the enhancement of surface area and 

hence increase in photocatalytic as well as chemical sensing 

efficiency. Hence it can be concluded that optimal Co3O4 

doping in ZnO results in a remarkable increase in 

photocatalytic as well as sensing applications owing to 

separation of charge carriers resulting in restricting their 

recombination. Therefore, spindle-like Co3O4-ZnO 

nanomaterials are a promising candidate for photocatalytic 

degradation of hazardous substances as well as for 

electrochemical sensing applications. 

 
Fig. 9 Proposed mechanism of electrochemical sensing of 

hydrazine by spindle-like Co3O4- ZnO nanocomposites modified 

Au electrode. 
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