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SnO2/ZnO nanocomposites were prepared by sol-gel technique in the presence of polyethylene glycol, 

followed by annealing at various temperatures ranging from 600 to 1000 °C. The prepared SnO2/ZnO 

were studied by XRD, FTIR, FT-Raman,TEM, UV–vis DR spectroscopy, photoluminescence 

spectroscopy, and nitrogen adsorption-desorption isotherm analysis. The crystal phases and energy 

gap of the SnO2/ZnO nanocomposites were modified with annealing temperatures. The photocatalytic 

activity of the prepared SnO2/ZnO nanocomposites for the decomposition of methylene blue (MB) dye 

was examined under visible light illumination. It was found that photodegradation rate of the prepared 

photocatalysts for the decomposition of MB decreased linearly upon increasing the annealing 

temperature from 600 to 1000 °C. The maximum photocatalytic efficiency (100%) was obtained for 

the SnO2/ZnO nanocomposite annealed at 600 oC. The photocatalytic activity of the SnO2/ZnO 

nanocomposite was dependent on their surface areas and bandgap values. The optimal SnO2/ZnO 

nanocomposite annealed at 600 oC was also used for the electrochemical sensing of liquid ethanol 

showing significant sensing response with a high sensitivity of 20.09 µAmM-1cm-2 and a limit of 

detection of 25.2 μM ethanol concentration. 
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1. INTRODUCTION 

In past few decades, the metal oxide semiconductor nanocomposites have studied as one of the 

most important research topics due to important applications in the field of environmental purification 

and solar energy applications [1,2]. Among different semiconductor metal oxides, SnO2 and ZnO are 

the most favorable candidates for high-performance sensors and photocatalysts. When SnO2 and ZnO 

are merged, the heterojunction nanostructures can greatly enhance their physical properties [2]. 

Further, electron transportation properties, the composite materials established on zinc and/or tin oxide 

find interesting use in photovoltaic applications, photo/-catalysis, and in transparent conducting oxides 

as solar electrodes [3,4].  

ZnO  is a well-known material with wide Eg  of 3.37 eV at room temperature and possess large 

60 meV exciton energy. In addition, ZnO has high transmission entire UV-Vis region, and exhibits 

important properties like low toxicity, photocatalytic efficiency, and good stability in reductive 

chemical environments [5]. Furthermore, it also exhibit exclusive electro-optical properties for various 

applications [6, 7] like fuel cells [8], gas sensors [9], and photocatalysts [10] among a host of others. 

Several studies have reported on different form of ZnO for photodegradation process for water 

treatment applications [11, 12]. On the other hand, SnO2 is belonging to tetragonal structure with 

oxygen deficiency and shows Eg of 3.6 eV. Its high optical transparency and electrical conductivity 

leads to extremely appealing applications in spintronic devices [13]. On the other hand, SnO2 is 

employed in a variety of fields [14] like white pigments for conductive coatings, TCO’s for electrodes, 

surge arrestors [15], catalysts [16], optoconducting coatings for solar cells [17]. Minami et al. [18] in 

their study reported that SnO2/ZnO binary oxides could combine the benefits of both ZnO and SnO2. 

SnO2/ZnO composites, in spite of having difficulties in chemical etching particularly at higher 

concentrations of metallic Sn, may substitute the existing transparent conductive oxides in certain 

applications. As both Zn and Sn are more abundant than indium, SnO2/ZnO composites can emerge as 

the low-cost alternatives. These two materials have the combined advantage of possessing excellent 

thermal and mechanical strength can be used as electrodes in batteries [19], solar cells [20], sensors 

[21], transistors [22], and photocatalysts [23]. The combination of these two materials provides high 

photocatalytic activity than the single material by extending the photoresponsive range and increasing 

the charge separation rate [24]. 

The SnO2 nanoparticles are prepared by different methods like precipitation [25], hydrothermal 

synthesis [26], sol-gel [27], hydrolytic [28], carbothermal reduction [29], and polymeric precursor 

method [30]. Similarly, for the preparation of ZnO nanoparticle, many techniques have been used such 

as PLD [31], CVD [32], MBE [33], magnetron sputtering [34], and sol-gel [35]. The sol-gel method is 

most common, as it enables the development of low-cost films and provides large surface area and 

high-quality films for many applications.  

In present work, we report synthesis of SnO2/ZnO nanocomposites by sol-gel technique using 

polyethylene glycol and annealed at 600- 1000 °C. The photocatalytic activity of these prepared 

nanaocomposites was studied by photodegradation MB dye under visible light irradiation. In addition, 

the as-synthesized SnO2/ZnO nanocomposite was empolyed as a sensing active material for the 
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electrochemical sensing of ethanol in aqueous solutions with a high sensitivity of 20.09 µAmM-1cm-

2 and a limit of detection of 25.2 μM ethanol concentration. 

 

 

 

2. EXPERIMENTAL DETAILS 

2.1 Sample Preparation 

SnO2/ZnO nanocomposite was synthesized by the sol-gel technique using polyethylene glycol 

(PEG). The precursor solution was obtained by mixing PEG, distilled water, and zinc acetate 

(Zn(CH3COO)2.2H2O). The mixed solutions of these were stirred for about 30 min to complete the 

hydrolysis resulting in the formation of the sol. The desired amount of Tin tetrachloride 5-hydrate 

(SnCl4.5H2O) was added to ZnO sol and magnetically stirred for 2 h to obtain the 0.1 SnO2/1.0 ZnO 

molar ratio. The white suspension was then dried at 120 oC for 24 h. Finally, the prepared samples 

were annealed at different temperatures (600, 800, 900, and 1000oC).  

 

2.2 Characterization 

To identify the structural properties of SnO2/ZnO nanocomposites XRD technique is employed 

with Cu Kα radiation (λ= 1.5406 Ǻ).  FT-Raman spectroscopy employed to record the Raman spectra 

of SnO2/ZnO nanocomposites. The vibrational studies were carried out by usual method of pressing 

nanopowders into KBr pellets and were recorded in the range of 400 to 4000 cm–1. The Diffuse 

reflectance spectra of the preparesd samples were recorded in the range of 200 to 800 nm using a 

UV/Vis spectrometer. The photoluminescence (PL) spectra of all the samples were determined in the 

UV to the near-IR region at excitation λ = 230 nm. The nitrogen adsorption-desorption isotherms were 

obtained using a NOVA2000e (Quantachrome, USA) instrument. A JEM–2100F field emission 

transmission electron microscope with the highest analytical performance in the 200 kV class with a 

probe size under 0.5 nm was used.  

 

2.3 Photocatalytic Testing      

Photocatalytic experiments of SnO2/ZnO nanocomposites were conducted by the degradation 

of methylene blue (MB) as probe molecule under visible light irradiation (250 W visible lamps). In 

each experiment, before illumination 1 g/L of synthesized SnO2/ZnO nanocomposite per 100 mL of 

MB (0.02 mM) as a model pollutant was stirred in the dark for 120 minutes to obtain adsorption 

equilibrium. The suspension solution was withdrawn at regular intervals and centrifuged to remove the 

photocatalyst before analysis. The MB ( λmax = 663 nm) was analyzed by measuring a change in the 

absorbance using UV-visible spectrophotometer (Lambda 950, Perkin Elmer). 
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2.4 Electrochemical Sensing of Liquid Ethanol  

 

 The nanocomposite with optimal composition of 0.1 SnO2/1.0 ZnO (annealed at 600 oC) was 

smoothly coated onto glassy carbon electrodes (GCE) (Bio-Logic SAS) after its initial pretreatment 

using 1µm and 0.05 µm polishing diamond and alumina slurry respectively. The coating process was 

conducted via mixing the nanocomposite with a butyl carbitol acetate and ethyl acetate as binders. The 

as-coated, modified electrodes were dried at 65 ºC for 5 h. An electrochemical workstation, 

ZahnerZennium, Germany was used for the electrochemical measurements using either a two electrode 

system or a three electrode set-up. The SnO2/ZnO modified GCE acts as a working electrode, a Pt wire 

serves as a counter electrode, whereas Ag/AgCl reference electrode is used in case of cyclic 

voltammetric measurements only. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Morphological, Structural, Optical, and Photocatalytic Properties 
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Figure 1. XRD patterns of SnO2/ZnO nanocomposite annealed at different temperatures. 

  

The XRD spectra of the SnO2/ZnO nanocomposites are displayed in Fig. 1.  Fig. 1 shows 

hexagonal wurtzite structures polycrystalline nature as established by the diffraction peaks equivalent 

to (100), (002), and (101) planes at the angles 31.2o, 33.95o and 36.19o, respectively [33]. The intensity 

of the main diffraction peak (equivalent to (101) plane at ~36.19o) increased with increasing the 

annealing temperature. The patterns also displayed the representative SnO2 peaks centered at 2θ = 

(33.77o, 51.56o and 54.92o) due to (101), (211), and (220) planes, respectively. In other words, the 

polycrystalline structure of the SnO2/ZnO nanocomposite was considered to be a mixture of ZnO 

(wurtzite) and SnO2 (tetragonal rutile structure). With the increasing annealing temperature, the 

crystallinity is generally improved, thus an increase in the peak intensity indicated an enhancement in 
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the crystallinity of the SnO2/ZnO nanocomposite [36]. The intensity of SnO2 (220) increased while that 

of SnO2 (211) decreased on increasing the annealing temperature, which may have resulted due to the 

development of SnO2/ZnO microstructure, caused by excessive annealing temperature. The 

observation of a strong ZnO (101) peak indicates a highly orientated growth.  

To identify the functional groups of all the nanocomposites, the FT-IR spectroscopy was 

recorded at different annealed temperatures (Fig. 2). A distinct band appear about 542 cm–1 could be 

attributed to the vibrational modes of Zn-O bonds, and confirmed the formation of the metal oxide 

nanostructures [37,38]. The intensity of this band decreased with the rising annealing temperatures. 

The band at 437 cm–1 observed at 600 oC corresponded to ZnO. The position of this band shifted to 

smaller wavenumbers at high annealing temperatures. Porotnikov et al. [39] observed IR modes of 

159, 266, 380, 430, 535, 575 and 650 cm–1 for two forms of zinc-stannate.  The modes between 150 

and 420 cm–1 were attributed to Zn-O bonds, while the frequency modes at 692 cm–1 were a 

characteristic of the Sn-O bonds [39]. The FT-IR results obtained by Lutz et al. [40] represented 

typical lattice vibrations with contributions from all the atoms and bonds of the spinel structure. The 

decrease in the FT-IR band intensity with the increase of annealing temperatures may be explained by 

the strong interaction between the lattice phonons and a higher charge carrier concentration [41]. 
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Figure 2. FTIR of SnO2/ZnO nanocomposite annealed at different temperatures. 

 

Fig. 3 shows the Raman spectra of SnO2/ZnO nanocomposite measured at different annealing 

temperatures. The Raman peaks located at 228, 324, 438, 570 and 640 cm–1 corresponded to the 

optical phonons of SnO2 and ZnO.  The peak at 438 cm–1 was of a nonpolar optical phonon E2 (high) 

of wurtzite  ZnO and the peaks at 228 and 324 cm–1 were attributed to the second-order Raman 

spectrum of zone boundary phonons 2-TA(M) and 2-E2(M),of the hexagonal ZnO [43]. The peak 

observed at 570 cm–1 was due to the A1(LO) mode of the hexagonal ZnO. The peak at 640 cm–1 was 

assigned to the A1g vibrational mode of SnO2 [44]. It can be seen from Fig. 3 that the intensities of 

E2(high) (438 cm–1) and A1(LO) (570 cm–1) peaks decreased with annealing temperatures whereas that 

of A1g (640 cm–1) peak increased. The observed peaks confirmed the wurtzite structure for ZnO 
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nanostructures and tetragonal structure for SnO2 nanocomposite and provide evidence of both metal 

oxides within the mixed metal oxide materials with composite nature of the mixtures. The observed 

results are in good agreement with XRD studies.   

To understand the pore structure of SnO2/ZnO nanocomposite, their N2 adsorption and 

desorption isotherms were also measured (Fig. 4). The adsorption amount of N2 on SnO2/ZnO 

annealed at 1000 oC (Fig. 4(d)) was smaller than other samples annealed at 600 oC (Fig. 4 (a)), 800 oC 

(Fig. 4(b)), and 900 oC (Fig. 9(c), indicating that SnO2/ZnO had a lower surface area than other 

samples. At 600 oC, SnO2/ZnO had a BET surface area of 11.26 m2/g which was higher than the 

others. The insets in Fig. 4 correspond to the pore size distribution (PSD) curves were measured by the 

Barret-Joyner-Halenda (BJH) method. The surface area decreased while the pore size increased with 

the increasing annealing temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Raman spectroscopy of SnO2/ZnO nanocomposite annealed at different temperatures. 

 

Fig. 5 shows the typical TEM images of 0.1 SnO2/1.0 ZnO nanocomposite after annealing at 

600 °C, 800 °C, 900 °C and 1000 °C for 4 h. The results exhibited that the prepared nanoparticles and 

nanorods were formed at 600 °C, Fig. 5(a). The diameter of the prepared nanorods was around 10 nm 

and length was 100 nm whereas the nanoparticle size was around 10 nm. In addition, a change in the 

annealing temperature led to a dramatic modification in the diameter (which observed a boost, Fig. 

5(b) and Fig. 5(c)) and length of the rods. The prepared nanoparticles were seen to be irregular (Fig. 

5(b) & Fig. 5(c)). At high annealing temperature (1000 °C), the results showed that the nanoparticles 

were agglomerated to large particle sizes. The inset of Fig. 5(c) and Fig. 5(d) show the selected area 
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electron diffraction (SAED) patterns for the 0.1 SnO2/1.0 ZnO crystalline structures. The EDX 

analysis confirms the even intensity of the Sn and Zn signs all over the particles, showing the 

homogeneous distribution of both the components within the inorganic framework (Fig. 5e). Also, the 

final content of the atomic percentage of Zn, Sn, and O in the prepared 0.1 SnO2/1.0 ZnO 

nanocomposite confirmed that Zn and Sn were determined and the final content was consistent with 

the starting precursors of the ZnO and SnO2. 

Fig. 6 depicts a diffuse reflectance (DR) micrograph of the SnO2/ZnO nanocomposite. The 

reflectance spectra at 600, 800, 900 and 1000 oC showed similar shapes. In addition, from figure 6 it is 

understood that with increasing the annealing temperature absorption edge is shifts from the UV to the 

near visible region which is important in solar efficiency. The Kubelka-Munk (K-M) function F(R) 

against reflectivity R is plotted using the following relation F(R) = (1-R)2/2R.  The band gap (Eg) of 

the SnO2/ZnO material was calculated from [45-49]; 

F(R)=A(hυ-Eg)
n/hυ                                                                       (1) 

where A, hν and n have their usual meanings and the value of n depends on the probability of 

transition it is equal to 2 for a direct band gap or 1/2 for an indirect band gap. The Eg can be calculated 

from the tangent lines of the [F(R) E] 2 Vs photon energy as shown in Fig. 7. 

 

 

 
 

Figure 4. N2 adsorption isotherms of SnO2/ZnO nanocomposite annealed at 600 oC (a) 800 oC (b) 900 

oC (c) and 1000 oC (d). 
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Generally, an increase in the annealing temperature indications to a rise in the mean grain size 

and a decrease in the energy gap (Eg) [50]. It is concluded that in case of particle size is small in 

semiconductors it is not evident. Sheng et al. [51] reported that when calcination of ZnO particles at   

500 to 700 oC, the mean grain size increased from 60.3 nm to 215 nm and the Eg is increased from 

3.17 eV to 3.19 eV [51]. In the present work, the Eg of SnO2/ZnO nanocomposite was found to be 

2.98, 3.01, 3.02, and 3.01 eV at annealing temperature  600 oC , 800 oC , 900 oC and 1000 oC (Fig. 7(a, 

b, c, d)), respectively. These values were very less compare to both the pure oxides SnO2 and ZnO. 

This relative variation in the Eg after increasing the annealing temperature could be explained by the 

variation of the particle size in the nanoregime. 

 

 
 

Figure 5. TEM images of 0.1 SnO2/1.0 ZnO nanocomposite after annealing at 600 °C  (a), 800 °C (b), 

900 °C  (c) and 1000 °C  (d) for 4 h. The insets in (c) and (d) show the SAED patterns for the 

0.1 SnO2/1.0 ZnO crystalline structures, Energy dispersive X-ray spectra (EDX) of 0.1 

SnO2/1.0 ZnO nanocomposite after annealing at 600 oC (e). 

 

The photocatalytic reaction was done under visible light in the absence of the photocatalyst to 

estimate the methylene blue (MB) degradation. It was found that there was no loss in the content of 

MB in the absence of the photocatalyst after 2 h which indicated that it was not easy to degrade 

methylene blue under visible light illumination. This degradation of methylene blue was followed by 

absorption spectra measurement at regular intervals by a UV/vis spectrophotometer. Fig. 8 displays the 

variation in absorption spectra of methylene blue in the existence of (SnO2/ZnO) for different 

annealing temperatures under visible light at different time intervals.  
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Figure 6. UV-visible spectra of SnO2/ZnO nanocomposite annealed at different temperatures. 

 
 

Figure 7. The plot of transferred Kubelka-Munk versus energy of the light absorbed of the SnO2/ZnO 

nanocomposite annealed at different temperatures. 
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For all the temperatures, a strong absorption band located at λ=245 nm, λ=291 nm, and λ=663 

nm was observed for a gradual decrease in the MB dyes with increasing irradiation times that 

completely vanished after 120 min. The absorption band located at λ=245 nm disappeared after 60 

min. methylene blue can be decolorized into colorless form i.e., lecuo-MB, either by the oxidative 

degradation of the dye or by the two-electron reduction. 

The absence of an absorption band at λ=245 nm of leuco-MB clearly indicated that a 

decoloration of methylene blue can be mainly attributed to the oxidative degradation of the dye in the 

presence of photocatalyst. The absorbance of λ=663 nm (i) at 600 oC: was observed to decrease from 

1.40 to 0.03 (Fig. 8(a)), (ii) at 800 oC:  from 1.34 to 0.58 (Fig. 8(b)), (iii) at 900 oC: from 1.34 to 0.06 

(Fig. 8(c)) and (iv) at 1000 oC: from 1.26 to 0.1 (Fig. 8(d)), all after (about) 2 h of illumination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Absorbance vs. wavelength as a function of illumination time for the photocatalytic 

degradation of methylene blue (MB) on SnO2/ZnO nanocomposite annealed at different 

temperatures. 

 

 

Fig 9 shows the relationship between C/Co and irradiation time for SnO2/ZnO nanocomposite 

annealed at different temperatures. From this figure the degradation rate of MB was decreased with the 

increase of annealing temperature of SnO2/ZnO nanocomposite. The photocatalytic activity was 
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significantly reduced at higher annealing temperature as a result of the variation in phase composition 

and particle size. Wang et al. [53] reported that SnO2/ZnO nanocomposite annealed at low temperature 

consisted of only of ZnO and SnO2 with no observation of the Zn2SnO4 phase. In addition, Zn2SnO4 

emerged only at high annealing temperatures and comparatively exhibited a poor photocatalytic 

activity [53]. Moreover, higher annealing temperature caused the growth of particles, an observation 

supported by XRD, leading to a decrease in the surface areas resulting in a decrease in the 

photocatalytic activity [54,55]. 
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Figure 9. Concentration vs. irradiation time for SnO2/ZnO nanocomposites with different annealing   

temperatures. 

 

The photodegradation rate of MB was found to decrease with the increase of annealing 

temperatures (Fig. 10). This phenomena is explained due to growing size of the particles leading to a 

low surface area and increase in crystallinity with temperature.  As shown at the sample annealed at 

600 oC, it is shown  the highest specific surface area (11.26 m2/g) with less crystalline than others 

annealed at 1000 oC with the lowest specific surface area (0.429 m2/g) is in good agreement with TEM 

results (Fig. 5). The specific surface area plays a key role in the photocatalytic degradation of the dye 

molecules. On the basis of the photocatalytic mechanism [56], the highly reactive OH● and O2
●- are 

produced on the surface of sample under visible light illumination. Therefore, the surface 

characteristics of nanocomoposites will greatly influence their photocatalytic activity. On the basis of 

above analysis, the SnO2/ZnO catalyst showed the best photocatalytic activity due to its superior 

morphology and better crystallinity. The second reason for improving the photocatalytic performance a 

transfer of charge carriers from a semiconductor to another is possible, leading to a more efficient 

electron-hole separation and a higher photocatalytic activity. Since both ZnO and SnO2 are n-type 

semiconductors, it is possible to locate their valence band edge by adding the band gap energy to the 

flat-band potential value. The corresponding results indicated that the valence and conduction bands of 
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ZnO (EVB = 2.84 eV, ECB = −0.36 eV) were lower than that of SnO2 (EVB = 3.44 eV, ECB = −0.11 eV) 

[52]. 

Photoluminescence (PL) spectrometer is an important instrument to understand the  most 

charge carrier trapping, migration, and transfer, i.e., to explain photo generated e-/h+ pairs in particular 

material  created recombination of the mentioned photo generated pairs [56]. PL spectra of the 

SnO2/ZnO nanocomposite at the excitation λ=325 nm (3.83 eV) is shown in Fig. 11.   
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Figure 10. Degradation rate of the SnO2/ZnO nanocomposites with MB at different annealing 

temperatures. 
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Figure 11. Photoluminescence (PL) of SnO2/ZnO nanocomposite annealed at different temperatures. 
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A high emission band was observed at 391 nm (3.17 eV) and 468 nm (2.65 eV). The two 

unknown broad peaks located at 659 nm (1.88 eV) and 780 nm (1.59 eV) nm were also observed. PL 

mechanism of SnO2 is still unclear and hard to be observed [52]. The direct gap transitions are produce 

due to oxygen vacancy defects and provide possible PL [57]. 

In the SnO2/ZnO structure all the SnO2 molecules are surrounded by ZnO.  When this structure 

is exposed to excitation wavelength, the excitation wavelength was almost absorbed by ZnO and as a 

result, the PL peaks from the SnO2 could not emerge out. Li et al. [58] reported that SnO2 

nanostructures can break the dipole-forbidden rule and realize UV luminescence, from the SnO2 

nanowires [57]. Here, the UV emission band observed at 391 nm was attributed to the band edge 

recombination of the photo-generated carriers due to conduction band to acceptors and neutral-donor-

bound excitons. Moreover, the mechanism of the blue emission at 468 nm was unclearly established. 

Xu and Wang [59] reported a green, blue and near UV emissions at 437-455 nm, a band at 455 nm 

were attributed to a neutral oxygen vacancy [60] and the green emission of 468 nm, related to the 

intrinsic defect structures. The potential difference between ZnO and SnO2 allows photoelectrons to 

easily migrate from the ZnO surface to the SnO2 conduction band. This result leads to a decrease in the 

radiation combination of photoinduced electrons on the ZnO surfaces. In addition, the intensity of the 

emission bands increased as the annealing temperatures increased owing to the thermal generation of 

regional defects in the sample [60]. 

 

3.2 Electrochemical Sensing of Liquid Ethanol at Modified glassy carbon electrodes (GCE) 

  

As a first step, the electrochemical behavior of modified glassy carbon electrodes (GCE) 

working electrodes was examined by cyclic voltammetry (CV) technique. The electrochemical 

measurements were conducted in a redox couple composed of 5 mmol/L potassium hexacyanoferrate 

[Fe(CN)6]
3-/4- and 50 mmol/L KCl solution at a scan rate of 100 mV/s at room temperature and 

stagnant condition. Fig. 12 shows the CVs obtained at bare GCE, pure ZnO modified GCE and 

SnO2/ZnO modified GCE. A pair of small redox peaks was detected in case of using bare GCE with 

8.4 µA anodic current at 530 mV (black curve). Such a smallest redox peaks indicates sluggish 

electron transfer at the bare GCE interface. For pure ZnO modified GCE (blue curve), an increased in 

redox peaks was observed with 12.2 µA anodic current with a lower potential shift to 500 mV. Further 

enhancement in redox peaks was obtained in case of using SnO2/ZnO nanocomposite modified GCE 

(red curve), in which a current increment to 16.8 µA with a relatively potential shift to the value 490 

mV was detected. This result indicates a significant enhancement of the electrocatalytic activity of 

modified electrodes compared to bare electrode. Additionally, the peak current measured at the 

nanocomposite modified electrode was much larger than other electrodes, which suggests a faster 

electron transfer related reactions and hence would allow an efficient sensing behavior to liquid 

ethanol at the SnO2/ZnO modified GCE. 

The SnO2/ZnO nanocomposite modified GCE was then used for sensing ethanol in aqueous 

solution by applying a simple current-potential (I-V) approach. The as-recorded I-V characteristics in 

0.1M PBS of pH 7 at a scan rate of 50 mVs-1 in various ethanol concentrations (0.05 to 16 mM) are 

collectively shown in Fig. 13(a). As could be revealed, the recorded current response increased as the 
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ethanol concentration increased in solution. The enhanced current response is likely attributed to an 

increase in solution ionic strength. The calibration curve showing the relation between ethanol 

concentration and average current values of the above I-V data is plotted in Fig. 13(b). As could be 

noted, two different slope values for two different linear regions were obtained. The initial linear 

region corresponds to the lower ethanol concentration from 0.05 to 1.0 mM and the second one is 

related to the higher concentration range from 1.0 to 16 mM ethanol. Fitting of the linear equations (2) 

and (3) was done for both concentration regions as follows: 

Lower ethanol concentration (R2=0.9589):      I (µA) = 1.4263 [ethanol] (µA) + 0.2262           (2) 

Higher ethanol concentration (R2=0.9941):     I (µA) = 0.08497 [ethanol] (µA) + 1.4828          (3) 
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Figure 12. Cyclic voltammograms of bare GCE, pure ZnO modified GCE and 0.1 SnO2/1.0 ZnO 

modified GCE, in 5 mmol/L potassium hexacyanoferrate (1:1) [Fe(CN)6]
3-/4- and 50 mmol/L 

KCl solution at a scan rate 100 mV/s. 

 

The electrode sensitivity was accordingly calculated as the ratio (slope of calibration 

plot/electrode surface area: 0.071 cm2); the sensitivity values were estimated as 20.09 µAmM-1cm-2 at 

lower concentration region and 1.20 µAmM-1cm-2 at higher concentration regime. The significant 

decrease in sensitivity at higher ethanol concentration is probably attributed to the electrode surface 

saturation with ethanol. Such different sensitivity regions have been observed earlier during ethanol 

sensing at different modified electrodes [61,62]. The reason behind such different sensitivity regions 

was suggested to be related to different modes of ethanol adsorption onto the modified surface 
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electrode. At lower concentration region, the ethanol adsorption proceeds via a physisorption mode, 

whereas a chemisorption process dominates at higher concentration region [61]. As an important 

sensing parameter, the limit of detection (LOD) of the current electrode sensor was estimated based on 

signal-to-noise ratio (S/N=3) and according to the following equation [63]: 

LOD = 3 Sb/m                                                                   (4) 

where (Sb) is the standard deviation value measured in a blank sample for five current 

measurements and was found to be 0.012 μA, and m represents the slop at lower concentration region 

(1.42630 μAmM−1). The LOD value was then calculated as 25.2 μM. 

 

 

Figure 13. (a) Current-potential (I-V) characteristics as a function of various ethanol concentrations 

ranging from 0.05 to 16 mM, measured using 0.1 SnO2/1.0 ZnO modified GCE in PBS of pH 

7.  (b) The corresponding calibration plot. 

 

 

4. CONCLUSION 

In present study, the SnO2/ZnO nanomaterial was prepared by sol-gel method. The influence of 

annealing temperatures on the structural and optical properties of SnO2/ZnO nanocomposite was 

studied. The Eg of SnO2/ZnO was found to be 2.98, 3.01, 3.02, and 3.01 eV after annealing at 600, 800, 

900 and 1000 °C, respectively. The PL spectrum of the SnO2/ZnO nanocomposite was recorded at the 

excitation λ = 325 nm (3.83 eV), a high emission peak was observed at 391 nm (3.17 eV) with a broad 

emission band detected at 780 nm (1.59 eV). The photocatalytic activity of SnO2/ZnO nanocomposite 

reached the maximum at 600◦C. The order of photocatalytic performance at temperatures: 600 oC > 

800 oC > 900 oC >1000 oC may be due to a low surface area and increase in the crystallinity with 

temperature. With the optimal SnO2/ZnO nanocomposite, liquid ethanol was electrochemically 

detected over the concentration range 0.05-16 mM, giving a high sensitivity 20.09 µAmM-1cm-2 and 

lower detection limit 25.2 μM.   
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