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Abstract 
Copper hydroxystannate, CuSn(OH)6, was obtained via a hydrothermal 
method from a mixture of solutions of copper(II) chloride and sodium stan-
nate with the addition of sodium hydroxide solution until pH 10. The phase 

compositions of the hydrothermal synthesis and the thermal decomposition 
products were studied using thermal analysis, X-ray diffraction, scanning 
electron microscopy, and FTIR spectroscopy. It was established that at a syn-

thesis temperature of 180 °C, a single-phase perovskite-like copper hy-
droxystannate is formed, with particles having cubic shapes measuring 35–

38 nm (according to Scherrer’s equation). It was shown that the reaction of 
the CuSnO3/modified CNFs composite with NO2 at room temperature results 
in a 32% response at 2 ppm, whereas the response of the 

CuSn(OH)6/modified CNFs composite under the same conditions is 19%. The 
CuSnO3/modified CNF composite exhibits the best electrochemical charac-
teristics compared to the CuSn(OH)6/modified CNF composite for use in su-

percapacitors. The composite material CuSnO3/modified CNFs demonstrated 
its applicability as an electrode material in supercapacitors, showing a spe-

cific capacitance of 288 F/g at a scan rate of 2 mV/s, compared to the 
CuSn(OH)6/modified CNFs (135 F/g). It was established that the specific ca-
pacitance of composites based on CNFs significantly exceeds that of single-

phase copper stannates (14 and 6 F/g, respectively). 
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Key findings 

● As a result of hydrothermal synthesis, a single-phase perovskite-like copper hy-
droxostannate CuSn(OH)6 is formed, which upon thermolysis above 300 °C yields 

amorphous copper stannate.  

● The use of modified CNFs in composites based on CuSn(OH)6 and CuSnO3 en-

hances NO2 detection. 

● The CuSnO3/modified CNFs composite exhibits the best electrochemical char-

acteristics compared to the CuSn(OH)6/modified CNF composite for use in su-

percapacitors. 

© 2025, the Authors. This article is published in open access under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Perovskite-type hexahydroxystannates of d metals (such as 

Cu, Zn, Cd, Mn, Fe, Co, Ni) and alkaline earth metals (for 

example, Mg, Ca, Sr, Ba) with the general formula 

MSn(OH)6 attract significant attention due to their wide 

range of potential applications in various fields, including 

the development of gas-sensitive sensor elements [1–3], an-

ode materials for batteries and supercapacitors, autono-

mous energy devices for energy storage and conversion [4–

11], and catalysis and photocatalysis [12–19]. Additionally, 

mixed hydroxides serve as precursors for the synthesis of 

metastannates (MSnO3) and ortistanates (M2SnO4). These 

compounds are characterized by special chemical proper-

ties, unique crystal structures, and increased thermal sta-

bility. The synthesis of hexahydroxystannates and stan-

nates of metals is carried out using sol-gel methods, precip-

itation techniques, and hydrothermal synthesis [3,12,20–

26]. 

Recent studies have shown that perovskite-based com-

posites possess excellent electrochemical properties, mak-

ing them promising for use as sensing materials in sensors 
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and electrodes of supercapacitors. Over the past few years, 

several new materials have been developed aimed at in-

creasing specific capacity of the latter. In the energy stor-

age devices, supercapacitors are gaining increasing atten-

tion [27–29] due to characteristics such as high specific 

capacitance, increased power density, prolonged opera-

tional lifespan, affordable cost, environmental and human 

safety, and rapid charge-discharge processes. For exam-

ple, in [30], it was found that the specific capacitance of 

composites correlates with their specific surface area. 

Highly porous hydrothermally synthesized nanocompo-

sites based on NiSnO3 and graphene with a surface area of 

162 m2/g demonstrated a specific capacitance of 891 F/g, 

whereas pure NiSnO3 nanoparticles (S = 101 m2/g) had a 

specific capacitance of 570 F/g. In another study [31], the 

nanocomposite FeSnO3/reduced graphene oxide also 

showed a high specific capacity (1342 F/g). Wang G. et al. 

[32], using a simple co-precipitation method, obtained 

composite materials based on MnSn(OH)6 and established 

that the total specific capacitance strongly depends on the 

crystallinity of the nanoparticles, where materials with 

lower crystallinity exhibited a maximum value of 31.2 F/g 

(an increase of over 300% compared to bulk manganese 

hydroxostannate nanoparticles). Furthermore, the au-

thors experimentally demonstrated that higher crystallin-

ity and larger crystallite size lead to increased diffusion 

resistance and, consequently, impact the electrochemical 

reaction. The hydrothermal method was used for the syn-

thesis of nickel-doped cadmium stannate (Cd1–xNixSnO3) 

[33]. The resulting composite material demonstrated im-

proved characteristics, notably a higher specific capacity. 

The authors experimentally established that the specific 

capacitance of the modified composite reaches 557.6 F/g 

at a current of 0.2 A/g, significantly exceeding the corre-

sponding value for undoped cadmium stannate. In [9], 

NiSn(OH)6 hexahydroxide nanoparticles  were synthe-

sized by co-precipitation, showing a maximum specific ca-

pacity of 607 F/g. The authors also noted that a composite 

with activated carbon exhibits high energy density and 

high power density, that along with excellent cyclic stabil-

ity, make it an ideal material for supercapacitors. 

Among numerous hydroxystannates and stannates, 

mixed hydroxides of copper and tin(IV), as well as copper 

stannate, are used in various catalytic processes and as an-

ode materials for batteries [34–36]. The method used to 

synthesize these compounds influences their structure and 

morphology, which, in turn, determines their areas of ap-

plication [37–41]. To improve the electrochemical proper-

ties of metal stannates, researchers are actively developing 

composites that incorporate various additives, such as car-

bon materials [9,31–33,42].   

In this study, we investigated the possibility of using 

CuSn(OH)6 and its thermolysis product (CuSnO3) as mate-

rials for the fabrication of gas sensor sensing elements and 

electrodes intended for energy storage devices. 

2. Materials and Methods 

2.1. Materials 

In the work, the following substances were used as starting 

reagents: CuCl22H2O (GOST 4108-72 “Сupric chloride 2-

water”, pure, «Odhim» LLC, Moscow, Russia), 

Na2SnO33H2O (metastannate 3-water, TU 6-09-1506-76, 

pure, LLC “Spektr-chem SPb”, St. Petersburg, Russia), and 

NaOH (GOST 4328-77 “Sodium hydroxide”, chemical pure, 

LLC “Khimprom, Perm Region, Russia,). The purity of the 

reagents is indicated in the certificates provided by the 

product suppliers. For preparing a 1 M solution of NaOH, 

bidistilled water obtained from the VE-2 purification unit 

was used. All the reagents were used in the form in which 

they were received, without additional purification. 

2.2. Synthesis and characterization of CuSn(OH)6 

Copper hydroxystannate CuSn(OH)6 was synthesized using 

a hydrothermal method as follows. First, 0.8525 g (5 mmol) 

of CuCl2·2H2O was dissolved in 50 mL of bidistilled water, 

and to the resulting solution a suspension of 1.3337 g 

(5 mmol) of Na2SnO3·3H2O was added with vigorous stir-

ring. The obtained mixture was treated in an ultrasonic ho-

mogenizer HX-IID HuxiShiYe with a power of 1000 W for 

30 s. Then, while stirring, a 1 M NaOH solution was gradu-

ally added, maintaining the pH around 10. The pH was mon-

itored using a laboratory pH meter HI 2221. After vigorous 

stirring for 20 min, the suspension was transferred to a 

stainless steel autoclave with a Teflon gasket and heated at 

180 °C for 16 h. After cooling to room temperature, the pale-

green precipitate was filtered using a vacuum pump and 

washed with distilled water until a negative qualitative reac-

tion for chloride ions (Cl–) was obtained. The precipitate was 

then dried in a SNOL 6.7/1300 muffle furnace at 110 °C for 4 

h (see Figure 1). 

The phase composition of the samples were determined 

by X-ray diffraction (XRD). X-ray diffraction patterns were 

recorded at room temperature using a Bruker D8 Advance 

diffractometer with Cu Kα radiation in the 2θ range from 10 

to 70°. The phases formed in the system were identified us-

ing the Crystallographica Search-Match, Version 2.1 program 

and the PDF4 database. The average size of coherent scatter-

ing domains was estimated from diffraction line broadening 

in X-ray diffraction patterns using the Scherer formula: 

𝑑 =  
𝑘λ

β cos θ
 , (1) 

where d is the average size of coherent scattering domains 

(Å), λ is the X-ray wavelength (1.54051 Å), β is the full width 

at half maximum of the diffraction peak (rad.), θ is the dif-

fraction angle (°), and k = 0.9. 

Thermal analysis (TA) of the dried powders was per-

formed on a NETZSCH Jupiter 449С STA synchronous ther-

mal analyzer coupled to QMS 403C Aëolos (TG-QMS) mass 

spectrometer in an argon flow at temperatures in the range 

of 20–600 °С at a heating rate of 10 С·min–1.  

https://doi.org/10.15826/chimtech.9167
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Figure 1 Sample preparation technique. 

The microstructure of the samples was studied by field 

emission scanning electron microscopy (SEM) on a Hitachi 

SU8000 electron microscope. The images were taken in the 

secondary electron recording mode at an accelerating volt-

age of 2–30 kV and a working distance of 8–10 mm. The 

samples were analyzed by energy dispersive X-ray spec-

troscopy using an Oxford Instruments X-max energy disper-

sive spectrometer. The specific surface area was calculated 

from the analysis of low-temperature nitrogen adsorption 

isotherms at 77 K using the Brunauer-Emmett-Teller (BET) 

method on a Quantachrome Nova 1000e static instrument. 

Infrared spectra were recorded on a Carry 660 FTIR (Fou-

rier transform infrared) spectrometer (Agilent Technolo-

gies, Santa Clara, CA, USA) with a PIKE Technologies Gladi 

ATR (diamond crystal) broken total internal reflection at-

tachment in the range of 500–4000 cm−1. The samples were 

prepared as vacuum-pressed KBr pellets with an admixture 

of the compound under study. 

The analysis of the chemical composition of the samples 

to determine the concentration of tin and copper was car-

ried out by the atomic emission spectrometry method using 

Agilent 7500A Inductively Coupled Plasma Spectrometer. 

2.3. Testing of gas sensors 

CuSn(OH)6 and the product of its thermolysis (amorphous 

CuSnO3) were used to fabricate the NO2 gas sensor. The 

main problem was its low conductivity at room tempera-

ture that prevented the detection of response without heat-

ing. Therefore, the composites with the conductive additive 

were prepared. The carbon nanofibers (CNFs) with “fish-

bone” structure, synthesized using CVD (Chemical vapor 

deposition) process using Ni/Al2O3 catalyst [43], were used 

as the additive for constructing the sensor. Specific surface 

area of CNFs was 110 m2/g.  

Composite films were fabricated using an aerosol spray-

ing technique. This process involves the use of an airbrush 

to uniformly spray the suspension on the sensor substrate. 

For suspension preparation, 95% C2H5OH was used as the 

solvent. The substrates consisting of polyimide film with a 

copper foil were used for the deposition of thin film of  

40%CuSn(OH)6/60%CNFs and 40%CuSnO3/60%CNFs 

(w/w) composite. The suspension, composed of carbon 

nanofibers (particle size <80 µm) and composite materials, 

was prepared via ultrasonic dispersion in 10 mL of ethanol. 

The dispersion process was carried out in an UZV3/200 ul-

trasonic bath (22 kHz, 85 W, 8.5 W/cm3) for 20 min. 

For the active layer formation, the suspension was 

spray-coated onto the substrate, which was preheated to 

60 °C. The deposited film partially overlapped the copper 

contacts. The suspension of composite material with a con-

centration of 3 mg/mL was used for spraying. 

The testing of gas sensors was carried out using the gas 

station with the gas supply lines for the carrier gas and an-

alytes. The description of the gas station was fully given in 

[44]. Synthetic air (a mixture of 21 vol.% O2 and 79 vol.% 

N2) was used as the carrier gas. Nitrogen dioxide was used 

as the analyte (Passport F-48810, standard of gas mixture 

according to GSO 10599-2015; supplied by “PGS-Servis” Co. 

Ltd., Russia). The total flow rate of the gas mixture supplied 

to the measurement cell was 100 mL/min during the detec-

tion of nitrogen dioxide. The analyte concentration in the 

system was adjusted by regulating the flow rates from the 

gas cylinders. The specificity of sensors toward NO2/N2O4 

(two gases which are in equilibrium in a vessel) was not 

taken into account, assuming that sensor reacted to NO2 ad-

sorption at 25 °C. 

The method for measuring gas-sensitive properties in-

volved several stages. In the first stage, a baseline measure-

ment was performed for 45 min, during which synthetic air 

was supplied at a rate of 100 mL/min. This was necessary 

to establish the initial resistance level (baseline). The base-

line (response of air) was fitted using the linear function 

and then subtracted from the data recorded for the analyte. 

When, the analyte was introduced, the system was purged 

with air every 10 min. During the measurements, the gas 

sensor was placed inside the measurement chamber on a 

heater powered by a direct current source. To determine 

the sensor resistance, a two-electrode method was used, 
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and the measurements were conducted at room tempera-

ture (25 ± 2 °C). The volume of the chamber was 250 cm3. 

During the adsorption/desorption of the analyte, changes in 

the sensor resistance were observed. These changes were 

recorded using a Keithley 2401 source meter (Keithley In-

struments, USA) with a voltage of 0.1 V using the two-con-

tact technique. Data collection was performed using spe-

cialized software. 

To evaluate the sensor response to the detected analyte, 

the relative sensor response was calculated as the ratio be-

tween the change in the sensor resistance (ΔR) during the 

experiment and the initial resistance of the sensor in air 

(R₀) using equation (2): 

ΔR/R0 = ((R − R0)/R0)·100%, (2) 

where R is the electrical resistance of the sensor during ex-

posure to the analyzed gas, Ω; R₀ is the initial electrical re-

sistance when exposed to the carrier gas (air), Ω. 

2.4 Electrochemical testing  

The specific capacitance of the obtained composite materi-

als was determined using the cyclic voltammetry method. 

The voltammetric curves were recorded using an Elins P-

40X single-channel potentiostat/galvanostat («Electro-

chemical Instruments», Chernogolovka, Russia). A three-

electrode scheme was used for the measurements. The aux-

iliary electrode was a platinum wire (Pt), and the reference 

electrode was a silver/silver chloride (Ag/AgCl, saturated 

KCl) one. The working electrode was a composite based on 

copper hydroxy- or stannate/modifier CNF). 

The composite weighing about 0.01 g was uniformly ap-

plied in a thin layer onto a graphite current collector with 

a cross-sectional area of 1 cm2. For the preparation of com-

posite material samples, a simple mixing method was used: 

5 wt.% of the polymer binder, polyvinylidene fluoride 

(PVDF), was mixed with 35 wt.% of copper stannate and 

60 wt.% of modified CNFs. The mixture was mechanically 

stirred and dried at 60 °C for 30 min to remove the solvent. 

The modified CNFs were obtained by chemical treatment in 

a 6 M HNO3 solution for 6 h at 80 °C with constant stirring. 

The resulting material was filtered and thoroughly washed 

with hot distilled water until neutral pH was achieved. To 

determine nitrate ions in the samples, a 1% diphenylamine 

solution in concentrated sulfuric acid was used. The ab-

sence of blue color with diphenylamine indicated the ab-

sence of nitrate ions in the samples. The carbon precipitate 

on the filter was dried at 100 °C for 12 h. 

The electrodes were immersed in a 1 M H2SO4 solution, 

and cyclic voltammetry curves were recorded by changing 

the potential on the working electrode from 0 to 1 V using 

direct voltammetry. The measurements were performed at 

a potential scan rate of 2 mV/s. The specific capacitance of 

the material was calculated based on the obtained voltam-

metric curves using the following equation [45]: 

ΔСsp = I/(v∙m), (3) 

where Сsp is the specific capacitance, F/g; I is the sum of the 

cathode and anode currents (I = Icathodic + Ianodic) at 500 mV, 

mA; m is the weight of material, g; v is the sweep rate, mV/s. 

3. Results and Discussions 

According to the X-ray diffraction, the pattern of the sample 

obtained via hydrothermal synthesis and dried at 110 °C in 

air (Figure 2, curve 1) shows reflections characteristic of 

copper hexahydroxostannate CuSn(OH)6, which has a crys-

tal structure with a tetragonal unit cell (space group 

P42/nnm, PDF4, card no. 70-117). The most intense diffrac-

tion peaks of the sample, with angles around 2θ = 19.85°, 

21.92°, 23.42°, 32.3°, 40.3°, 47.92°, and 58.95°, correspond 

to the (111), (002), (200), (202), (222), (400), and (422) 

planes, respectively, which is consistent with literature 

data [36,46].  

The unit cell parameters of the CuSn(OH)6 phase, calcu-

lated using the Rietveld method in the Powder Cell 2.4 soft-

ware, were a = b = 7.7560 ± 0.0003 Å and 

c = 8.0960 ± 0.0005 Å, which is close to the corresponding val-

ues previously calculated for this compound and reported in 

[46]. 

 

 
Figure 2 X-ray diffraction patterns of the freshly deposited 

CuSn(OH)6 sample (а) and thermolysis products obtained at tem-

peratures of 300...550 °C (2) and 600 °C (3). 
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The average crystallite size of the sample, calculated by 

the Rietveld method, correlates with the size estimated by 

the Scherrer equation. The average nanoparticle size, cal-

culated using the most intense peak (200) at 2θ = 23.42°, 

was about 35-38 nm. According to atomic emission spec-

trometry, the mass fractions of copper and tin were 

22.2 ± 0.2% (99.3% of the theoretical value) and 

41.5 ± 0.3% (99.4% of the theoretical value), respectively, 

which corresponds to a Cu:Sn atomic ratio of 1:1. These data 

are consistent with the results obtained by energy-disper-

sive X-ray spectroscopy (EDX), according to which the 

atomic ratio Cu:Sn:O is in the range of 

(9.5 ± 0.5):(9.5 ± 0.5):(57 ± 3), which is close to the stoi-

chiometric ratio for CuSn(OH)6. 

Thus, the formation of CuSn(OH)6 can be represented by 

the following scheme: 

CuCl2·2H2O + Na2SnO3·3H2O →  

→ CuSn(OH)6 + 2 NaCl + 2 H2O. 

According to electron microscopy (Figure 3a), the 

CuSn(OH)6 samples (S = 41 m2/g) are characterized by non-

uniform cubic-shaped particles measuring 2–5 μm, along 

with the presence of agglomerates composed of these par-

ticles.  

The crystallite size L, calculated from the specific sur-

face area Ssp using a simplified expression for spherical or 

cubic particles, was 12-15 nm: 

L  6/(·Ssp), (4) 

where ρ is the density of substance (for CuSn(OH)6 the X-

ray density was ρ = 7.586 g·cm–3; PDF4 card no. 70–117). 

 
Figure 3 SEM images of the CuSn(OH)6 sample (a) and  of the prod-

uct of  its thermolysis (b). 

According to the thermal analysis data shown in Figure 4, 

the heating of CuSn(OH)6 involves sequential processes ac-

companied by changes in mass, structure, and phase com-

position, which is consistent with the results of X-ray dif-

fraction. When the sample is heated in the temperature 

range of 110–300 °C, a mass loss of ~18.85% is observed, 

which quantitatively corresponds to the calculated value 

(~19.01%) for the reaction: 

CuSn(OH)6 → CuSnO3 (amorph.) + 3 H2O. 

The reaction is accompanied with the endothermic ef-

fect at Tmax = 276 °C with the formation of amorphous 

CuSnO3 (Ssp = 65 m2/g) (Figure 2, curve 2). Figure 3b shows 

that copper stannate possessed the same cube-like mor-

phology as the precursor, CuSn(OH)6, but with the finer (1–

3 m) particle size.  

From the analysis of TG-DTA curves, no obvious weight 

loss and endothermic (or exothermic) phenomenon were 

observed between 300 and 550 °C, which shows that 

CuSnO3 is stable under this temperature range. The further 

annealing at 550–600 °С led to appearance of exothermic 

effect caused by decomposition of amorphous phase of cop-

per stannate with the formation of rutile-type SnO2 phase 

(PDF4 database; card no. 77-477) and tenorite-type CuO 

(PDF4 database; card no. 72-629) (Figure 2, curve 3). 

The following process of thermal decomposition can be 

represented by the following reaction: 

CuSnO3 (amorphous) →   CuO + SnO2. 

The Fourier transform infrared spectrum of CuSn(OH)6 

(Figure 5, curve 1) showed the bands at 3125 and 3213 cm⁻¹, 

corresponding to the O−H stretching vibrations attributed 

to the presence of adsorbed water. The peak at 1157 cm⁻¹ is 

due to the Sn–OH bending vibration, while the peaks at 

765 cm⁻¹ and 737 cm⁻¹ are related to water-water hydrogen 

bonds. Furthermore, the peaks at 1393 cm⁻¹ and 532 cm⁻¹ 

are caused by Sn–O bond vibrations. In the absorption spec-

trum of CuSnO3 (Figure 5, curve 2), bands are observed at 

1385, 1111 cm⁻¹, and 522 cm⁻¹, which are characteristic of 

Sn–O and Cu–O bonds [36,39,46,47]. 

 
Figure 4 TG/DSC curves of the CuSn(OH)6 sample. 
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Figure 5 FTIR absorption spectrum of CuSn(OH)6 (1) and the prod-

uct of its thermolysis (amorphous CuSnO3) (2).  

Figure 6 shows the sensitivity curves of gas sensors to 

nitrogen dioxide at room temperature. It can be seen that 

the prepared composites demonstrated a high response to 

NO2 at 25 °C compared to pure CNFs (more than 10 times 

higher for CuSnO3/modified CNFs composite). All the sen-

sors studied showed decrease in the sensor resistance in 

contact with NO2. The slope of the response curve depends 

on the adsorption mechanism. CNFs exhibit p-type semi-

conductor behavior (in terms of their interaction with 

NO2), where the main charge carriers are holes, and the 

interaction with electron-acceptor gas (e.g., NO2) leads to 

an increase in hole concentration in the material [48]. The 

composites based on copper stannate and copper hy-

droxystannate showed the same behavior, facilitating in a 

decrease in sensor resistance in contact with nitrogen di-

oxide. 

Comparing the samples with each other, it can be said 

that the composite of CuSnO3 and modified CNFs possessed 

the highest response (32% at 2 ppm) compared to the 

CuSn(OH)6/modified CNFs (19% at 2 ppm). These two stan-

nate-containing systems played the role of heterogeneous 

additive to oxidized CNFs, forming the hole depletion re-

gions on the surface of the sensing material [49]. The limit 

of detection LoD=(3.3·σ)/μ, demonstrates the decrease of 

LoD of CuSn(OH)6/modified CNFs system (13.0 ppm) com-

pared to CNFs (619 ppb) or CuSn(OH)6/modified CNFs (9.7 

ppm). This is mainly caused by high value of standard devi-

ation (σ) related to sensitivity (μ). The composites showed 

significantly higher non-linearity and more than 10 times 

higher σ compared to CNFs, whereas the sensitivity of these 

samples ranged within 1.2–2.5%/ppm, and the latter con-

tributed to a lesser degree to LoD values. The summary of 

sensor characteristics is given below (Table 1).  

The response time of the composite based on CuSnO3 

and modified CNFs decreased by 25–33 s compared to the 

other samples. The recovery time τrecovery estimated using 

the R = y0 + A·(exp(–t/τrecovery) equation [50] showed the 

faster recovery of the sensor compared to that of the CNFs.   

 

Table 1 Characteristics of sensors. 

Sample 
LoD, 
ppm 

Response 
time*, s 

Recovery 
time*, min 

CNFs (modified) 0.619 443 1007 

CuSn(OH)6/modified 

CNFs 
9.7 435 831 

CuSnO3/ modified 

CNFs 
13.0 410  

* The values were calculated at 2 ppm adsorption cycle.  

 
Figure 6 Sensor response to NO2 at room temperature (25 ± 1 °C): 

modified CNFs (1), CuSn(OH)6/modified CNFs (2), CuSnO3/modi-

fied CNFs composite (3). 

The fact that copper stannate provides higher response 

than copper hydroxystannate is probably caused by the dif-

ferent morphology and crystal state (amorphous or crystal-

line). 

Figure 7(а, b) shows the cyclic voltammetry curves at 

2 mV/s sweep rate for the samples obtained by hydrother-

mal technique (a) and annealed at 400 °С (b). At it can be 

seen from curves 1 in Figure 7, the electrochemical activity 

of pristine samples was low. Low current density values ob-

tained within the potential windows were obtained that is 

cause with insufficient electron conductivity. Table 2 shows 

the specific capacitance.  

As it was reported in [30–32, 51], one of the effective ap-

proaches to enhancing theconductivity of functional materials 

is the creation of composites based on modified CNFs. In order 

to estimate the impact of CNFs, a comparison of electrochem-

ical behavior of composites with pure stannates and modified 

CNFs was carried out. It was found that the addition of modi-

fied CNFs with hydroxystannate and copper stannate led to 

considerable growth in current density within the potential 

window (Figure 7a,b, curves 2 and 3).  

Table 2 Specific capacitance of the samples (at 2 mV/s; 1M H2SO4). 

Sample Specific capacitance, F/g 

CuSn(OH)6 6 

CuSnO3 14 

CNFs (modified) 83 

CuSn(OH)6/modified CNFs 135 

CuSnO3/ modified CNFs 288 
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Figure 7 Cyclic voltammetry curves measured on electrodes made 
of: (a) 1 – hydroxostannate CuSn(OH)6, 2 – modified CNFs, 3 -  

CuSn(OH)6/modified CNFs; (b) 1 – copper stannate CuSnO3, 2 – 

modified CNFs, 3 – CuSnO3/modified CNFs. 

Analysis of voltammetry curves (Figure 7) makes it 

possible to conclude that specific capacitance of composite 

is determined not only by the presence of modified CNFs, 

but also by the nature of electrochemically active material. 

It was pointed out by the fact that the copper stannate 

electrodes demonstrated higher specific capacitance than 

the hydroxystannate ones. The observed difference elec-

trochemical characteristics are probably caused by the 

particle morphology. It can be proposed that the synthesis 

of copper hydroxystannate led to the formation of the 

larger size of particles compared to copper stannate. The 

higher surface area of the material based on CuSnO3 in 

turn provides the number of active sites for passing the 

Faradeic reactions and enhances the availability for sulfu-

ric acid electrolyte, increasing the total capacitance of the 

composites.  

4. Limitations  

This work shows the possibility for using the composites 

based on modified CNFs and either copper hydroxystannate 

or copper stannate as a sensitive element for gas sensors 

and an electrode material for energy storage devices. The 

main problem is the low conductivity of the stannates at 

room temperature. Application of CNFs makes it possible to 

improve not only the conductivity of the sensing material, 

but also to enhance the other electrochemical properties, 

crucial for the electrodes for electrochemical devices, e.g., 

supercapacitors. This issue should be studied to improve 

the characteristics.   

5. Conclusions 

This work demonstrates that the perovskite-like copper hy-

droxostannate forms as a result of hydrothermal synthesis 

at 180 °C for 16 h and consists of cubic particles measuring 

2–5 μm with a specific surface area of 41 m2/g. It is shown 

that upon thermolysis of CuSn(OH)6 above 300 °C, an 

amorphous and thermally stable up to 500 °C copper stan-

nate CuSnO3 is produced. Further temperature increase 

(above 550 °C) results in an exothermic effect due to the 

decomposition of CuSnO3 with the formation of tin(IV) ox-

ide and copper(II) oxide.  The reaction of the CuSnO3/mod-

ified CNFs composite with NO₂ at room temperature 

reaches 32% response at 2 ppm, while the response of the 

CuSn(OH)6/modified CNFs composite under the same con-

ditions is 19%. The CuSnO3/modified CNFs composite ma-

terial demonstrats its potential application as an electrode 

material in supercapacitors, showing a specific capacitance 

of 288 F/g compared to 135 F/g for the CuSn(OH)₆/modified 

CNFs composite. The specific capacitance of the composites 

based on CNFs significantly exceeds that of single-phase hy-

droxostannates and copper stannates (14 and 6 F/g, respec-

tively). Thus, the CuSnO3/modified CNFs composite is a 

promising material not only for room-temperature NO2 gas 

sensors but also for energy storage systems. 
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