
Page | 5895  

 

 

Low temperature fabrication of SnO2, ZnO and Zn2SnO4 nanostructures for the 

degradation of Rhodamine 6G: characterization 

Nazma BiBi 1, Sirajul Haq 1,*  , Wajid Rehman 2, Muhammad Waseem 3 , Mahfooz Ur Rehman 2, 

Amreen Shah 4, Basharat Khan 2, Parsa Rasheed 1 
1Department of Chemistry, University of Azad Jammu and Kashmir, Muzaffarabad 13100, Pakistan 

2Department of Chemistry, Hazara University Mansehra, 21300 Pakistan 
3Department of Chemistry, COMSATS University Islamabad (CUI), Islamabad, Pakistan 
4Department of Microbiology, Hazara University Mansehra, 21300 Pakistan 

*corresponding author e-mail address: cii_raj@yahoo.com | Scopus ID 56218392500 

ABSTRACT 

The SnO2, ZnO and Zn2SnO4 nanostructures (NSs) were prepared using sol-gel method and different techniques were used to investigate 

their physicochemical properties. The crystalline nature of the NSs was evaluated using X-ray diffractometer (XRD) technique and the 

calculated crystallite sizes are 24.68, 29.13 and 31.74 nm. To explore the surface properties, scanning electron microscope (SEM) was 

utilized and the particles were found to exhibit smooth surface with varied morphology. Energy dispersive X-ray (EDX) spectroscopy was 

used for the determination of purity and percentage composition of the NSs. The band gap energy was calculated from Tauc’s plot using 

diffuse reflectance spectroscopy (DRS). The Fourier transform infrared (FTIR) spectroscopy spotted the surface functional groups. As-

synthesized nanostructures were applied as photocatalysts for the degradation of Rhodamine 6g (Rh-6G) by irradiating under simulated 

solar light. The percentage degradation and degradation rate constant was deduced by using a set of equations, which shows that the 

photocatalytic performance of Zn2SnO4 was significantly high than their counterparts.  
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1. INTRODUCTION 

 In modern world, the frequent contamination of water with 

industrial wastes is one of the merging problems that becomes a 

serious threat to both aquatic and human life [1]. The extreme and 

unselective usage of organic dyes in industries released to the 

environment creates many environmental issues and proves 

hazardous to biotic components of ecosystem [2]. The dyes 

discharge to aquatic environment from drug, food, cosmetics, 

fabric, and dyestuff factories are highly stable in water and are 

difficult to eliminate from the aqueous environment [3]. The Rh-6G 

is a stable organic dye, is regularly utilized to trace the path and 

flow rate of water. The Rh-6G is widely used in biotechnology 

applications such as fluorescence and biochemistry laboratories to 

identify the occurrence of substances, typically an antigen, in a wet 

or dry sample [4]. Thus, it is essential to find a suitable route to 

eliminate the Rh-6G to smaller decomposable products or 

ultimately mineralize it, due to its high stability [5]. In order to 

eliminate the toxic dyes from aqueous environment, an ever 

growing demand arises for an efficient and eco-friendly method to 

overcome these problems [6].  

 The fast development of technology and materials for water 

purification are performed over a long period of time. Researchers 

are persistently cautious for some affable methods which are potent 

enough to eliminate pollutants. The photocatalysis has the potential 

to fill the gap providing a relatively simple, effective and low cost 

solution. It is a chemical method that is catalyzed by a solid in the 

presence of radiations from the external source which has 

wavelength in the infrared, visible or ultraviolet region [7].  

 The photocatalytic action depends on the production and 

effective separation of electrons-holes pairs, where shifting of 

electron from outer most band to the conduction band and generate 

hole in the valence band [8]. 

 The nano-sized ZnO has been focused as a favorable 

photocatalysts for the breakdown of biological contaminants due to 

its wide band gap (3.36 eV) and the ability to adsorbed onto the 

surface of the photocatalysts [9–11]. The SnO2 is an n-type 

semiconductor with the band gap of 3.6 eV and high chemical 

stability, use for the wastewater treatment for the past few decades 

[12,13].  

 It is extensively used for the photocatalytic degradation of 

carbon based dyes, as photocatalysts in rechargeable lithium 

batteries and photovoltaic devices [11]. The Zn2SnO4 is a class of 

bimetallic oxide possess unique chemical and physical properties 

and are stable under extreme conditions [14,15]. The Zn2SnO4 NSs 

are suitable for extensive applications including solar cells, as the 

sensors for the recognition of dampness, several flammable gases, 

negative electrodes for Li-ion batteries and are also used as an 

adsorbent for adsorption of the heavy metals [16]. The Zn2SnO4 

NSs get much attention due to their attractive optical properties, 

high electrical conductivity and high electron mobility [14]. The 

nanostructures are synthesized via co-precipitation, auto 

combustion, thermal plasma, hydrothermal, spray pyrolysis and sol-

gel methods [16]. However, some of these methods are to be 

operated at very strict condition, expensive and time-consuming 

whereas the sol-gel method is simple and time saving which control 

the stoichiometry and growth of the crystal [13].   

 This research work was planned to synthesize SnO2, ZnO 

and Zn2SnO4 NSs through sol-gel method and was characterized 

using FTIR, XRD, SEM, EDX and DRS spectroscopy. The as-

prepared NSs were used as photocatalysts to degrade Rh-6G in 
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aqueous solution under irradiation of simulated solar light. The data 

was manipulated using a set of equations for the determination of 

degradation rate constant and percentage degradation. 

 

2. MATERIALS AND METHODS 

2.1. Materials.  

 The analytical grade chemicals obtained from Sigma-

Aldrich including Sn(NO3)2.2H2O, Zn(NO3)2.2H2O, NH4OH and 

C2H5OH and were used as received. Deionized water was utilized 

for the preparation of all working solutions while the 15% HNO3 

solution along with deionized water was utilized for washing 

glasswares. 

2.2. Synthesis of SnO2 NSs. 

 For the synthesis of SnO2 NPs, 10 mM solution of Sn(NO3)2 

was prepared by dissolved 1.21 g in 500 mL of deionized water and 

80 mL this solution was mixed with 20 mL ethanol. The mixture 

was stirred (250 rpm) and heated for 40 min at 50 °C at its natural 

pH (2.5). A white gel formed was washed with deionized water and 

dried in at 100 °C after aging for 24 h. The white powder obtained 

was kept in air tight polyethylene bottle for further work. 

2.3. Synthesis of ZnO NSs. 

 The calculated amount (0.95 g) of Zn(NO3)2 was dissolved 

in 500 mL deionized water in order prepared 10 mM solution and 

80 mL of the solution was taken into a beaker having 20 mL ethanol 

whereas NH4OH solution was added dropwise to attend pH 10. This 

mixture was stirred (250 rpm) and heated (50 °C) till the formation 

of gel, which was then kept for overnight cooling. Afterward, it was 

washed using deionized water and then the oven dried powder was 

stored in polyethylene bottle for further experiment. 

2.4. Synthesis of Zn2SnO4 NSs. 

 For the preparation of Zn2SnO4 NSs, 0.5 g of the synthesized 

SnO2 and ZnO NSs was dispersed in 30 mL nitric acid solution (15 

%) individually, to form stable suspensions. Both the suspensions 

were then mixed with vigorous stirring and heating at room 

temperature and the pH was attuned to 10 through dropwise 

addition of NH4OH solution. The gel formed after 4 h was cooled 

at room temperature for 24 h and washed three times with deionized 

water. The final product was dehydrated in the electric oven at 120 

°C and kept in polyethylene vial.   

2.5. Characterization.  

 The Panalytical X-Pert Pro model of X-ray diffraction 

(XRD) was used to investigate the crystal property, where the XRD 

analysis was done in 2θ range of 20˚-80˚ and the crystallite size was 

calculated using Debye-Scherrer equation. The morphological 

analysis and the particle size distribution were obtained from the 

SEM micrograph using JEOL 5910 (Japan) model of scanning 

electron micrograph (SEM) using ImageJ software. The EDX 

model INCA 200 (UK) was employed at 20 keV to study the 

percentage composition and purity. The band gap energies were 

calculated for the reflectance spectra recorded on diffuse 

reflectance spectroscopy (DRS) model lambda 950 with the 

integrating sphere of the wavelength range 200-2500 nm. The FTIR 

spectra were recorded in the range of 4000-400 cm-1, utilizing 

Nicolet 6700 (USA) spectrometer for the detection of surface 

functional groups.  

2.6. Photocatalytic activity. 

 The photocatalytic degradation reaction of Rh-6G in 

aqueous solution was carried out in the presence of SnO2, ZnO and 

Zn2SnO4 NSs under the illumination of simulated solar light. The 

experiment was performed in double walled Pyrex reactor 

connected with water inlet and outlet under solar light source (US-

800 (250 W)). For each reaction, 50 mL of Rh-6G solution (15 ppm) 

and 20 mg of the catalyst (0.4 g/L) were transferred into reactor 

wrapped with aluminum foil to avoid solar light interaction and 

stirred to establish adsorption/desorption equilibrium for 30 min. 

After that reaction was exposed to simulated solar light and after a 

regular interval of time, 3 mL of the sample was centrifuged for 4 

min at 4000 rpm and was examined by Thermo Spectronic UV 500 

and the decrease in absorbance maxima was observed as a function 

of time.  

3. RESULTS AND DISCUSSION

3.1. Physicochemical study. 

 The Fig. 1(a) shows the XRD pattern of SnO2 NSs exhibits 

characteristic peaks along with corresponding hkl values at 2θ 

26.45(110), 33.79(101), 37.86(200), 51.99(211) and 65.34(301), 

matched with the diffraction bands recorded in JCPDS card (01-

077-0449) assigned to cubic geometry of crystals. The XRD 

spectrum of ZnO NSs (Fig. 1(b)) possesses diffraction bands at 2θ 

position with corresponding hkl values 31.77(100), 34.41(002), 

36.27(101), 47.50(102), 56.88(110), 63.10(103) and 67.99(112) 

matched with reference card 01-079-0205. These reflections were 

assigned to hexagonal geometry of ZnO NSs. The diffractogram 

shown in Fig. 1(c) possess characteristics Bragg’s reflections at 2θ 

positions with hkl values 30.05(220), 37.32(222), 47.63(331), 

56.75(511), 62.70(440), 68.12(620), 70.10(533), 79.35(622).  

 These bands correspond to those listed in JCPDS card 00-

024-1470, which confirm the synthesis of Zn2SnO4 NSs having 

Fd3m space group and cubic geometry. The intense and sharp 

diffraction bands confirm the formation of well crystalline 

nanostructures and all peaks were assigned to the desired elements, 

suggesting the synthesized samples are highly pure. The crystallite 

sizes for SnO2, ZnO and Zn2SnO4 NSs were calculated by Debye-

Scherrer equation are 24.68, 29.13 and 31.74 nm along with 0.47, 

0.33 and  0.36 % imperfection was also found in the crystal 

respectively.  

 The peak at 0.3 keV in the EDX spectrum of SnO2 NSs (Fig. 

2(a)) accredited to O while a group of intense bands in the range of 

3.5-4 keV attributed to Sn along with a very small signal at 2.6 is 

due to the presence of Cl. The EDX study shows that the 

synthesized SnO2 NSs exhibits stoichiometric composition of O and 

Sn along with small amount Cl as an impurity. The weight 

percentage weight for O, Sn and Cl estimated from EDX data are 

20.2, 78.7 and 1.1% respectively. The EDX spectrum of ZnO NSs 

(Fig. 2(b) possess 3 peaks at 0.9, 8.8 and 9.7 keV confirms the 

existence of Zn in the sample, while the peak at 0.25 keV attributed 

O and presence of no other peak suggest that ZnO sample is highly 

pure. The weight percentage derived by the EDX analysis for O and 
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Zn are 19.7 % and 80.3% and respectively. The Fig. 2(c) exhibits 

the bands assigned to Sn, Zn and O, which confirm the synthesis of 

highly pure Zn2SnO4 NSs. The peaks in the range of 3.4 to 3.9 keV 

are attributed to Sn along with a sharp signal at 0.4 keV is credited 

to O in the sample. The three bands at 1, 8.7 and 9.6 keV are due to 

the Zn and weight percentages derived from the EDX data for Zn, 

Sn, and O are 42.95, 36.33 and 20.71 % respectively.  

 The morphological study of the synthesized NSs was 

conducted through SEM analysis as shown as inset in Fig. 2(a-c). 

The micrograph (inset: Fig. 2(a)) reveals that the majority of the 

SnO2 NSs are highly agglomerated, though some particles with 

distinct boundaries were also spotted with varied in size and shape. 

The particle size determined from SEM image is in the range from 

46.92 to 52.35 nm with the mean-size of 49.72 nm. The SEM image 

of ZnO NSs (inset: Fig. 2(b) shows a high degree of agglomeration 

along with very few individual particles, which exhibits a difference 

in shape and size. The particles size estimated are ranging from 

62.95 to 66.98 nm with average size of 64.37 nm. The SEM 

micrograph (inset: Fig. 2(c) reveals that the mono-dispersed 

particles of Zn2SnO4 are unified with each other vanishing the 

visible boundaries. The particles size measured from the particles 

with clear boundaries ranging 68.39 to 73 nm with an approximate 

size of 70.86 nm. 

 The electronic state of the SnO2, ZnO and Zn2SnO4 NSs 

were determined from the transmittance spectra as given as inset in 

Fig. 3, shows that all the samples are translucent in a wide range of 

wavelength. The optical band gap energies were calculated by using 

Tauc relation (eq.1), where hv is the intensity of light, B is constant, 

α is the absorption coefficient, and exponent n depends upon the 

type of transition; direct, forbiddden direct, indirect or forbidden 

indirect and it may have values ½, 2, 3/2 or 3 respectively [17]. 

𝛼ℎ𝑣 = 𝐵(ℎ𝑣 − 𝐸𝑔)
𝑛

  (eq.1) 

 The α and transmittance are correlated as given in eq. 2, 

where L is the thickness of the sample for direct allowed transition 

(n=1/2), by combining eq 1 and 2, we have;  

𝑇 = exp(−𝛼𝐿)              𝑂𝑅             𝛼 = − 𝑙𝑛𝑇
𝐿⁄   (eq.2) 

(ℎ𝑣𝑙𝑛𝑇)2 = 𝐵2𝐿2(ℎ𝑣 − 𝐸𝑔)   (eq.3) 

 The direct band gap energies were calculated for SnO2, ZnO 

and Zn2SnO4 NSs from Tauc plots by joining sharp rising portion 

with horizontal axis of the (hvlnT)2 against hv are 3.72, 3.39 and 

3.13 eV respectively [8,18]. The band gap energy for Zn2SnO4 NSs 

is divergent from that of SnO2 NSs and ZnO NSs suggesting that 

the production of new species and all the deduced band gap energies 

are in accordance with the reported data [19–24]. The FTIR analysis 

was done to examine the chemical nature of the synthesized SnO2, 

ZnO and Zn2SnO4 NSs. The FTIR spectrum of SnO2 NSs (Fig. 3(a) 

possess a wide band in the range 3347-3088 cm-1 along with another 

peak at 1629.40 cm-1 are due to the  stretching and bending vibration 

of hydroxyl group. The presence of NO3 in the sample was 

confirmed by the peak at 1385.34 cm-1, which may due to the use 

of Sn(NO3)2.2H2O as a precursor in the synthesis. The peaks at 

1140.44 and 1015.11 cm-1 are the result of vibrations of Sn-OH in 

the crystal lattice [25]. The wide band in the range of 711-512 cm-1 

is formed because of the combination of two bands at  538 and 686 

cm-1 are assigned to the vibration of Sn-O-Sn and Sn-O respectively 

[26]. The FTIR spectrum of ZnO NSs shown in Fig.4 (b) possesses 

a sharp band at 3636.20 and 1385.34 cm-1 assigned to N-H and NO3 

moieties, which may be due to the use of NH4OH and 

Zn(NO3)2.2H2O in the synthetic process. The broad band in the 

range of 749-505 cm-1 attributed to the stretching vibration of Zn-O 

[27]. In the FTIR spectrum of Zn2SnO4 NSs (Fig.4 (c)), a broad 

band centered at 3430.23 cm-1 along with a peak at 1524.69 cm-1 is 

due to the stretching and deformation vibration of adsorbed water 

molecules. A small broad peak at in the range 916-854 cm-1 are 

formed by grouping two bands at 902 and 886 cm-1, which ascribed 

to the stretching vibration of O-Sn-O in the lattice structure and 

possible bonding of Zn in ZnO respectively [22]. The peaks at 

666.34 cm-1 and 456.86 cm-1 are due to the stretching vibrations of 

ZnO and SnO2 groups and this could be assigned to Sn-O-Zn 

bonding in Zn2SnO4 [28]. 

3.2. Photocatalytic study. 

 Photocatalytic performance of fabricated NSs was 

investigated in the photodegradation of Rh-6G in aqueous solution 

by illumination in the simulated solar light. The degradation profile 

is given in the Fig.5 (a), shows a moderate decrease in the 

absorbance maxima at 526 nm reveals the degradation of Rh-6G. 

The percentage degradation of was derived by using eq. 4, where 

Co and Ce are the initial and final concentrations of Rh-6G [29]. The 

percentage degradation of Rh-6G (Fig.5 (b)) in the presence of 

SnO2, ZnO and Zn2SnO4 NSs are 94.18, 96.71 and 99.39 % 

respectively. The kinetics of the photocatalytic reaction was studied 

by applying Langmuir-Hinshelwood kinetic model (eq.5), where Co 

and Ce are the initial and final concentrations of Rh-6G and k and t 

are apparent constants [16]. The straight line obtained by plotting 

lnCo/Ce versus time as shown in Fig. 5 (c) with r2 values of 0.839, 

0.925 and 0.954 for SnO2, ZnO and Zn2SnO4 NSs suggest that the 

pseudo-first-order kinetics is followed by the photocatalytic 

reaction. The degradation rate constants for the photo-degradation 

of Rh-6G via SnO2, ZnO and Zn2SnO4 NSs derived from the slope 

of linear plots are 0.0096, 0.00938 and 0.013 min-1 respectively.  

% 𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 =
𝐶𝑜−𝐶𝑡

𝐶𝑜
× 100   (eq.4) 

ln (𝐶
𝐶𝑜

⁄ ) = −𝑘𝑡   (eq.5) 

 

 
Figure 1. X-ray diffractograms of SnO2, ZnO and Zn2SnO4 NSs 

 

 The photocatalytic performance of the prepared 

photocatalysts varied due to the difference in nature and 

physiochemical properties. The photocatalytic performance of 
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SnO2 NSs was low due to the wide band gap and recombination of 

electron-hole pair.  

 
Figure 2. EDX spectra (inset: SEM) of SnO2 (a), ZnO (b) and Zn2SnO4 

(c) NSs 

 
Figure 3. Tauc’s plots (inset: DRS spectra) of SnO2, ZnO and Zn2SnO4 

NSs 

 But owing to strong chemical and physical interaction with 

absorbed molecules it is the most important material. The 

photocatalytic activity of ZnO NSs is greater than the SnO2 NSs due 

to the narrow band gap, thus less amount energy is required to excite 

the outer most electron into the conduction band. The photocatalytic 

efficacy of Zn2SnO4 NSs was higher than both counterparts 

attributed to the lower band gap energy and synergistic effect of 

both counterparts. The accumulation of the excited electrons in the 

conduction band of SnO2 NSs created holes in valance band of ZnO 

NSs. The accumulation process of electrons and holes to either side 

suggests the holes and electrons are decently separated, which 

enhances the photocatalytic effect of the Zn2SnO4 NSs [28]. 

 

 
Figure 4. FTIR spectra of SnO2, ZnO and Zn2SnO4 NSs 

 

 The mechanistic approach towards the photocatalytic 

performance of Zn2SnO4 NSs is shown in Fig. 5(d). When a photon 

with the same or higher band gap energy than the band gap of  

photocatalysts falls on the catalyst surface, the valance band 

electrons of both oxides get excited to conduction band and 

generate an equal amount of holes (h+) in the valence band 

instantaneously. The excited electrons transferred to the conduction 

band of SnO2 NSs from the conduction band of ZnO while photo-

generated holes created in the valence band of SnO2 gathered in the 

valence band of ZnO, suggest that the holes and electrons are 

adequately separated. Afterward, hydroxyl radicals (•OH) were 

produced by the reaction of the h+ with the surface -OH/H2O 

whereas, the superoxide anion radicals (•O2
-) are formed by the 

reaction of excited electrons with absorbed oxygen, which is an 

extra source for producing •OH, which is very strong oxidizing 

agents [30]. These hydroxyl radicals (•OH) were than react with Rh-

6G and produce organic intermediates, which are then converted 

into CO2 and H2O. 

 

4. CONCLUSIONS 

 The sol-gel process was used for the preparation of SnO2, 

ZnO and Zn2SnO4 NSs and the physicochemical properties were 

investigated by applying several techniques shows the formation of 

well-crystalline nanomaterials having different morphological 

shapes. The EDX analysis confirms the desired nanostructures are 

highly pure with no impurity. The band gap of Zn2SnO4 was 

successfully reduced by the conjugation of SnO2 and ZnO NPs, 

which play an effective role in the degradation of Rh-6G. The 

photocatalytic activity of the as-synthesized NSs was governed by 

the band gap energies and other physicochemical properties. The 

activity of SnO2 NSs was lower than ZnO NSs due to their larger 

band gap, however, the conjugation of these two NSs led the 

(a)

(b)

(c)
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formation of new material (Zn2SnO4) with low band gap. Thus, the 

higher photocatalytic activity credited to the lower band gap of the 

Zn2SnO4 NSs.    

 

 
Figure 5. Degradation profile (a), percentage degradation (b), degradation rate constant (c) and schematic mechanism (d) of the photo-degradation of 

Rh-6G in the presence of synthesized nano-sized catalysts. 
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