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Abstract: The enormous surface area and tunable shape of metal oxides have made them attractive 
candidates for energy storage applications. In this work, Zn2SnO4 (ZSnO) were prepared to find the 
electrochemical properties of the ultimate pseudocapacitive electrode using a CTAB-mediated one-step 
hydrothermal process that did not include calcination. To study the hydrothermal process, chemical 
pathways were followed step-by-step. Electrochemical measurement, XRD, SEM, FTIR, and DRS were used 
to analyze the structural, morphological, and electrochemical properties. The usual crystallite size of 
(ZSnO) in a spinel structure is roughly 13 nm, according to XRD measurements. Although electrochemical 
behavior was unaffected, FTIR research also verified that CTAB was removed during synthesis. During the 
electrochemical test, ZSnO displayed 27.49 Fg-1 specific capacitance, 0.0764 Wg-1 power density, and 
0.9545 Whg-1 energy density at a current density of 0.35A/g. These findings provide credence to the use of 
Zn2SnO4 (ZSnO) as a pseudo capacitor electrode and demonstrate the efficacy of morphological control 
by surfactant-assisted synthesis. 
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1. INTRODUCTION  
 
In response to the global energy crisis and the growing 
need for portable, reliable electronics, scientists set out to 
develop a sustainable energy storage system that could 
maximize power output while keeping the environment 
safe [1-2]. We need renewable, clean, alternative, and 
affordable energy sources to solve the energy and 
environmental crises [3-4]. Supercapacitors and lithium-
ion batteries are electrical energy storage devices that are 
necessary to maximize the use of renewable energy 
sources such as wind and solar [5-7], which are 
fundamentally unpredictable. 

An essential part of many energy storage systems, 
supercapacitors (SCS) outperform lithium-ion batteries 
in terms of power density, charging speed, and lifespan 
[8]. As a result, several studies are being conducted to 
discover new methods of enhancing the energy density 
values of supercapacitors, with a focus on exploring 
innovative electrode materials [9-10]. According to some 
sources, this is one way to get a high specific capacitance, 
leading to a high energy density [11-14]. Due to their 
superior power and energy density compared to 
conventional batteries and dielectric capacitors, 
electrochemical supercapacitors have piqued the 
attention of many researchers [15]. 

The selection of electroactive materials is influenced by 
the supercapacitor application, which requires a high-

power density, and the choice of electrode material 
significantly impacts the supercapacitor's performance 
[16-20]. The abundance, low cost, lack of toxicity, and 
ease of modifying the morphological and structural 
features of nanoparticles synthesized by metal oxides to 
suit their intended uses have piqued the interest of 
researchers throughout the globe [21]. Ternary metal 
oxides, including Zn2SnO4 and Zn2TiO3, have lately 
arisen as attractive substitutes for the more traditional 
binary metal oxides, commonly recognized as excellent 
semiconductor materials for these uses. Because of its 
appealing optoelectronic characteristics, low absorption 
of visible light, high electrical conductivity, and high 
electron mobility, the A2BO4 inverse spinel structure of 
zinc stannate (Zn2SnO4) opens up a world of possibilities 
in optics, photocatalysis, solar cells, photodegradation, 
gas sensing, and more [22-29]. There have been recent 
successes in developing hydrothermal synthesis 
techniques to create Zn2SnO4. This approach is 
auspicious for practical manufacturing since it is 
inexpensive and safe for the environment [30-34]. Given 
the general knowledge that ZnO evaporates quickly when 
heated, methods that operate with high temperatures 
cannot produce the Zn2SnO4 phase [35,36]. 

This work synthesized   CTAB assisted calcination free 
Zn2SnO4 (ZSnO) nanoparticles by a straightforward 
hydrothermal technique. The synthesized products have 
been characterized, and the electrochemical 
characteristics of the samples, have been examined and 
documented. To the best of our knowledge, it would be 
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the first report that describes effect of surfactant (CTAB) 
on morphology and its electrochemical behaviour 
without heating effect. 

2. MATERIALS AND METHODS 
 
High-purity ZnCl2 and SnCl2.2H2O are required in a 2:1 
ratio to make Zn2SnO4 (ZSnO). All reagents were 
analytical grade without purification. The first stage 
involves magnetically stirring ethanol with a 2M zinc 
chloride (ZnCl2) solution, 10 mM (NaOH) and 20ml 
CTAB at room temperature for 20 minutes.  
After that, 1 M SnCl2.2H2O is dissolved in ethanol and 
incorporated gradually into the mixture while being 
stirred magnetically to produce a whitish slurry. After 30 
minutes of stirring, the slurry was loaded to 80% capacity 
into a Teflon-coated stainless-steel autoclave. The 
autoclave was let to cool to ambient temperature after 
being heated to 200 °C for 24 hours. The precipitation 
was then removed and washed with distilled water and 
ethanol. Then, particles were washed and then dried at 80 
°C for 20 hours. 
The following reaction equation describes the production 
of ZSnO by using CTAB as surfactant that doesn’t take 

part in chemical reactions, enhance the morphology, 
during this hydrothermal treatment: 
 
2ZnCl₂ + SnCl₂·2H₂O + 6NaOH → Zn₂SnO₄ (solid) + 

6NaCl + 5H₂O                               ----------------(1) 
 
3. ELECTRODE PREPARATION AND  

ELECTROCHEMICAL 
MEASUREMENTS 
 

N-methyl-2-pyrrolidone was used to combine the 
powders with conductive reagents, active material, and 
PVDF, a binder. In certain situations, a lot of carbon 
reagent was employed to investigate the powders' 
electrochemical activity. It was rinsed with HCl and 
acetone and oven-dried to activate Ni Foam. The slurry 
was agitated with a magnetic plate at room temperature 
for 3–5 hours. A nickel foam (1 cm-2) current collector, 
for example, which serves as the electrode, is spread out 
uniformly across a conductive substrate before the slurry 
is added. The solvent is evaporated, and the active 
ingredient is solidified after 12 hours of drying the coated 
substrate at high temperatures. This substance's mass was 
estimated using a microbalance. Dry electrodes were 
built for electrochemical examination in the testing cell. 
 
In a standard three-electrode setup, electrochemical 
measurements were carried out utilizing GAMRY 
Station. These included a reference electrode made of 
Ag/AgCl, a high-purity platinum-wire counter electrode, 
and a sample-working electrode. The three-electrode 
cell's aqueous electrolyte and nickel foam current 
collector were both treated with the nanocomposite. 
Aqueous electrolytes are cheaper than organic or ionic 
solutions. The three-electrode cell arrangement has an 
active electrode material mass of about 20 mg. 
Impedance measurements was carried out with frequency 
range of 100 kHz to 0.1 Hz at room temperature, we 
calculated the specific capacitance, energy density, and 
power density using the formulae below: 

 
  Cp = I* Δt / m*ΔV       -------------------(2) 
 
The variables m, I, t, and V represent the mass of the 
active material, the potential window, the discharge time, 
and the current, respectively. 
 
 Eg = (1/2(Cp (ΔV)2) /3600  ---------------(3) 
Pg=(E *3600)/Δt    ----------------------------(4) 
 
Pg stands for power density in W/g, Δt for discharge time, 

ΔV for potential window, and Eg for energy density in 

Wh/g. 
 
4. MATERIAL CHARACTERIZATION 

 
The crystal phases were discovered with a scan rate of 
1°/min using X-ray diffraction analysis, namely the XRD 
Rigaku with Cu-Kα radiation and a λ value of 1.5418 Å, 

throughout the range of (2θ = 20-80°). A scanning 
electron microscope (FE-SEM-JEOL-2010) with an 
accelerating voltage of 100 kV was used to characterize 
the morphological material. To assess chemical bonding 
in the 4000-400 cm−1 range, the Jasco FT/IR 6600 
apparatus is used. A Perkin Elmer Lambda Diffuse 
Reflectance spectrometer produced the absorption 
spectra of Zn2SnO4 nanoparticles in the 200-800 nm 
wavelength range. 
 

 
Fig 01: Schematic illustration of hydrothermally synthesized 
Zn2SnO4 (ZSnO) 
 
5. RESULTS AND DISCUSSIONS 
 
Fig. 02 shows XRD patterns that analyze the products' 
crystallographic structure and phase purity. At 200 °C, 
Zn2SnO4 (ZSnO) is the predominant product owing to its 
decreased solubility in the reaction Eq. (9). Upon thermal 
breakdown of Zn(OH)4

2−, the precipitate of ZnO and 
Zn2SnO4 (spinel ZSnO) is produced (Eqs. (10)). Not only 
does the sample include Zn2SnO4 (ZSnO) nanoparticles 
with a lattice constant of 8.657 Å and a space group of 
Fd-3m, but it also contains wurtzite ZnO (ICSD 36–

1451). 
The peaks have an inverted spinel structure with half of 
the Zn2+ atoms coordinated tetrahedrally, and all of the 
Sn4+ atoms coordinated octahedral [41]. Nanoparticles 
are approaching the anticipated stoichiometric ratio, as 
seen by the XRD pattern, which indicates that the 
reaction is complete [42]. The XRD line broadening of 
firm peaks was used to measure the particles' crystallite 
size using Scherer's equation: 
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 Where λ is wavelength, β is full width half maxima, and 

K (0.94) is a constant. 
The average particle size is about 13 nm, which aligns 
with previous research [43]. The ZSnO nanowires have 
excellent crystallinity due to prominent, crisp X-ray 
diffraction peaks. When sodium hydroxide is present 
during the first stage of a hydrothermal process, 
complex forms such as ZnSn(OH)6 and Zn(OH)4

2− are 
produced. Hydrothermal treatment, which involves very 
high temperatures and pressures, further breaks down 
these complex structures into Zn2SnO4 nnanoparticles 
[34,44,45]. The process of reaction is as follows.  
 

 
Under severe alkaline conditions, a mixed metal 
hydroxide complex develops. 
 

 
ZnSn(OH)2-

6 decomposes into a metastable intermediate 
phase, ZnSnO₃. 
 
 ZnSn(OH)2-

6  → ZnSnO3+ 3H2O           --------------(8) 
 
The interaction of ZnSnO₃ with extra Zn²⁺ finalizes the 

creation of Zn₂SnO₄ (spinel-type oxide). 
 
ZnSnO3 + Zn+2 +2OH- →  Zn2SnO4 +H2O ----------(9) 
 
 Zn(OH)2-

4 → ZnO +H2O+2OH               ------------(10) 
 
Side reaction producing ZnO dependent on local pH and 
Zn²⁺ surplus. 
 

 
Fig 02: XRD results of as-synthesized ZSnO 

Pseudocapacitive material 
 
To assess the surface treatment and chemical 
composition of room-temperature ZSnO nanoparticles, 
FTIR spectroscopy was used in the 400-4000 cm-1 band. 
The figure 03 displays the FTIR spectra of CTAB 
mediated as-synthesized ZSnO. An absorption peak 
around 503.76 cm-1 is due to Sn-O-Zn bond in the ZSnO 
material. An absorption peak at 1638.50 cm-1 represents 
H-O-H bonding while 3497.60 cm-1 is supposedly caused 
by a O-H stretching bond, as stated in the reference [46]. 
The Zn bonding causes the peak at 2300 cm-1, whereas 
the peak at 1167.76 cm-1 is associated with the Sn-O 

stretching vibration in ZSnO [47.10]. It is also seen that 
there are no major peaks related to CTAB appeared in 
ZSnO (C-N, C-H stretching), however, peak around 2943 
might be associated to residual CTAB due to surface 
adsorbed organic or hydroxyl groups. Similar peak also 
observed in ZSnO sample. Thus, presence of CTAB in 
final product is negligible as sample was washed and 
dried and it doesn’t affect electrochemical behavior. 

 
Fig 03. FTIR images of as-synthesized ZSnO 

Pseudocapacitive material 
 

Fig. 04 shows the produced ZSnO nanoparticles' 
reflectance spectra. The peak absorption at 310 nm is 
indicative of Zn2SnO4 (ZSnO) [11]. A reflectance edge is 
readily seen in Zn2SnO4, suggesting that this is not 
attributable to impurity-level transitions but to intrinsic 
semiconductor transitions [46-49]. 
The Tauc graphs and the Kubelka-Munk (K-M) formula 
determine the band gap. The fact that Zn2SnO4 is a direct 
semiconductor allows one to calculate Eg by graphing the 
optical band gap (αhʋ)2 against hʋ. The bandgap Eg value 

of 3.30 eV is obtained from the Tauc plot, which is shown 
in Figure 04, for the synthesized ZSnO nanoparticles. 
Younge et al. [48] found a similar outcome when they 
intersected the extrapolated linear segment with the x-
axis. On the other hand, 3.1 eV was reported as the 
fundamental bandgap of Zn2SnO4 by Shi and Dai et al. 
[49-50]. Despite ongoing debates concerning Zn2SnO4's 
optical absorption characteristic, our single-crystalline 
Zn2SnO4's calculated bandgap value agrees with other 
publications [51-53]. 

 
Fig 04: Diffuse Reflectance spectroscopy and Bandgap 
illustration of as-synthesized ZSnO Pseudocapacitive material 
 
The SEM image of ZSnO nanoparticles is shown in 
Figure 05. Nanostructures in CTAB mediated as-
synthesized sample display the flakes like hierarchical 
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morphologies as seen in Fig 05. As FTIR also depicts its 
removal after washing, thus, CTAB act as surfactant 
directed agent in our synthesis. CTAB micelles leads to 
increased surface area and improved electrolyte diffusion 
pathways which is positive act for electrochemical 
performance. Rapid nucleation and slow crystal 
development produce this shape, consistent with XRD 
findings and often yield structures with poor crystallinity 
[54]. The nanoflakes shows an image of several dispersed 
but organized flowers representing a cluster [55]. 
Multiple factors, including precursor solution sodium 
hydroxide concentration, reaction time, surfactant and 
temperature, influence the final ZSnO nanoparticle size 
and shape [56]. 
 

 
 
Fig 05: SEM images of as-synthesized ZSnO 
Pseudocapacitive material 
 
Cyclic voltammetry studies were performed using scan 
speeds of 5, 10, 30, 50, 70, and 100 mV/s to explore the 
electrochemical kinetics of ZSnO. The figure 06 depicts 
pseudo-capacitive behavior characterized by faradaic 
redox processes predominating in the cationic and 
anionic portions. When Zn ions are present in the 
interplane of tin oxide, they enhance the cyclic stability 
of the active materials by controlling the diffusion of Sn 
ions. When the scan rate is increased inside a constant 
potential frame, it is shown that the sample's specific 
capacitance decreases as well [10,11] 

 
Fig 06: Cyclic Voltammetry results of PVDf bound 
calcination free as-synthesized ZSnO Pseudocapacitive 
material at different scan rates 
 
A reduced pseudo capacitance contribution was seen 
from the device at faster sweep rates since the ions only 
interacted with the outer electrode and the bulk material 
within the pores, owing to minimal or no interactions [18]. 
The anodic curve shows electrode oxidation during the 

positive linear voltage sweep. The rapid and efficient 
reversible electrode response caused the CV capacitive 
curve to invert during discharge and the cathodic current 
to reach its maximum value. Improved electrochemical 
activity is partly due to the active material's rapid 
diffusion of electrolytic ions. When Zn₂SnO₄ reacts with 

OH- and H₂O during cycling, it may carry out surface 

redox processes. This mechanism leads to 
pseudocapacitive charge storage, as the electron transfer 
(e⁻) shows. Consider the following equation: 
 
Sn+2 ↔ Sn+4+2e-   -------------------(11) 
 
Zn2SnO4 + OH- + H2O → SnOOH +2ZnOOH+ e-----(12) 
 
There is a discernible shift in the redox potential as well, 
more especially, there is a little shift in the charge transfer 
resistance as the scan rate increases due to faster electron 
transport kinetics. CV curves maintain its redox shape 
even at higher scan rates due to materials’ strong redox 

capacitive properties. Supporting the idea that ZSnO 
might be a high-power supercapacitor, the fact that the 
redox-CV curves stay the same even when scanning at 
greater speeds is encouraging [53]. 
The samples' capacitive properties were investigated by 
the GCD tests, as seen in Figure 07, by applying voltage  
0-0.6V and multiple current densities 0.05, 0.15, 0.35, 
and 0.50 A g⁻¹ with applied currents (1, 3, 7, and 10 

mA).The Cp (specific capacitance), Pg(power density) 
and Eg(energy density) are calculated from the above 
formula (Eq. 2,3 and 4), which is about 19.54F/g, 
0.1141W/kg, 25.57Wh/kg. During charging and 
discharging, it is evident that all GCD curves have 
nonlinear voltage platforms, which are characterized by 
noticeable voltage plateaus. Previous studies [54] have 
shown that this behavior may be explained by the 
reversible redox transition between Sn2+ and Sn4+ one 
(Eq.11). To store energy, Sn²⁺ is oxidized to Sn⁴⁺ when it 

is charged. Upon discharge, Sn+2 is converted to Sn⁴+, 
releasing the stored energy. 
This change enables electron transport at the point where 
the electrode and electrolyte come into contact. As seen 
in Fig.07, the charge/discharge time rose in inverse 
proportion to the potential window. 
 

 
Fig 07: Galvano charge-discharge of PVDf bound calcination 
free as-synthesized ZSnO Pseudocapacitive material at 
different current rates 
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Because some active spots on the material's surface 
prevent charge storage, ZSnO-based electrodes exhibit 
the best capacitor capabilities at high current densities, 
allowing the charge and discharge to grow rapidly. The 
even distribution of particles on the surface of the 
electrode allows for the intercalation of charge carriers 
between the electrolyte and the electrode, which might 
explain why these electrodes have a charging and 
discharging cycle life that is rather lengthy [55]. Reduced 
IR drop during discharge is a consequence of the 
electrode's low internal resistance, which is a 
consequence of the particles' regular organization; this 
leads to an improvement in the transport of ions from 
electrolyte to the surface of electrode [56]. 

 
Fig 08: Regression Plot between Eg and Pg of PVDf bound 
calcination free ZSnO electrode observed at current Density of 
0.05,0.15 and 0.35A/g. 
 
As seen in Figure 08, lower energy densities are 
correlated with greater power densities. With a current 
density of 0.35A/g and an energy storage capacity of 
0.9545 Wh/g at 0.0765 W/g, the as-synthesized electrode 
has the best charge-discharge capabilities and the largest 
energy storage capacity. This performance is probably 
made possible by the redox activity of Sn2+/Sn+4 species, 
which suggests a method for pseudocapacitive charge 
storage. The material's ability to steadily decrease energy 
density with increasing power density demonstrates its 
ability to give an adequate amount of energy even under 
more demanding current loads, which is ideal for hybrid 
supercapacitors that need rapid charge delivery and 
limited energy storage. 
 
To further investigate the kinetics of ZSnO 
recombination and interface charge transfer, EIS was 
conducted as shown in Figure 09. There is a Nyquist plot 
with depressed semicircle in the high-frequency region of 
the Nyquist plot. Afterwards, in the low frequency region, 
a 45° inclined Warburg line indicates a combined charge 
transfer and diffusion process. An analogous circuit to 
R(Q(RW)) was used to fit the data using a Gamry Echem 
analyzer (refer to the inset of Figure 09). An analogous 
circuit that incorporates CPE (Constant phase element) 
and Warburg element to regulate ion diffusion, Rct, and 
Rs used to match the EIS data. The synthesized sample 
showed an Rs value of 0.89 ohm and an Rct value of 
roughly 3.21 ohm, which conforms with the literature 
[11,18,56]. The low semicircle diameter in the Nyquist 

plot indicates that the charge transport was more efficient 
due to the excellent crystallinity [57]. 
A high electrochemically active surface area allowed for 
the very efficient transit of electrons and electrolytic ions, 
as seen by the low electrolyte solution resistance (Rs).        

 
Fig 09: Nyquist plot of PVDf bound calcination free as 
synthesized and fitted data of ZSnO Pseudocapacitive material, 
the inset figure shows an equivalent circuit 
 
Supercapacitors' high specific power is due to their low 
Faraday resistance [58]. A reduced Rct improves 
reactions, and the electrochemical performance of ZSnO 
is confirmed by both electrochemical responses. The CV 
curves in Figure 6 agree with the EIS findings. 
 
 

6. CONCLUSION 
 
In this work, Zn2SnO4 (ZSnO) nanoflakes were 
fabricated by CTAB-mediated hydrothermal synthesis 
without calcination. CTAB played vital role in 
developing hierarchical morphology as confirmed by 
SEM-analysis. FTIR results shows that CTAB was 
removed after synthesis that ensures a good and effective 
surface area for its electrochemical performance as 
pseudocapacitive electrode. The crystallite size was 
calculated to be 13 nm, by XRD analysis. CTAB 
mediated and calcination free ZSnO electrode has 
pseudocapacitive character in their electrochemical 
performance, with a redox peak occurring within a broad 
potential window. Thus, research has shown that ZSnO 
nanoparticles have good electrochemical capabilities and 
yet CTAB just used to control the morphology of as-
synthesized sample. 
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