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Abstract higher surface area of the porous carbon electrodes which
In this work, the microflowers like surface morphological SnS increases the interaction of electrolyte ions and the electrode

thin film material prepared by simple, convenient and material [6, 7]. In contradict, the synthesis process of carbon
inexpensive chemical bath deposition method. The structural materials is difficult and expensive. Therefore, the

analysis shows orthorhombic crystal structure of all the SnS . . . . . .

thin films prepared at different deposition time period. The ~ Inexpensive, easily available and electrical = conductive
electrochemical supercapacitive properties of all the electrode  Stainless steel (SS) material is suitable as a substrate material
materials are investigated in 2 M KOH electrolyte. The in supercapacitor application. In other side, the electrode
maximum specific capacitance of 1375 Fg™ is achieved for material which has higher electrochemical efficiency and

SnsS thin film at a deposition time of 1 h. The highest energy  ability to store more electric charges per unit area are required
density and power density of 60 Wh kg™ and 8 KW kg™ is ¢, supercapacitor.

achieved, respectively for SnS thin films. Generally, carbon material [9], metal oxide and chalcogenide

Keywords:chemical bath deposition, thin film, SnS, nanoparticles [10] or their nanocomposites [11, 12] have been
electrochemical supercapacitor explored as electrode materials for supercapacitor.

Nevertheless, Sn-based metal chalcogenide materials like
Introduction SnS, SnS2, SnSe, etc. are used for various applications due to

In electric energy storage, supercapacitor received great tnhejr excellent optical and electrochemical properties such as
attention due to its vital properties like higher power density solar cell [13], supercapacitor [14], and lithium ion batteries
(SPD) than batteries and more energy density (SED) than  [15]. But these materials have not been extensively examined
conventional capacitors. However, supercapacitors have as supercapacitor materials, while they are broadly used as
additional advantages over batteries such as longer cycling  glectrode material for lithium ion batteries because of large
life, simple fabrication, inexpensive and requirement of  yolume expansion. From various phases of tin sulfide, the tin
simple electric circuit mechanism [1-3]. The use of  monosulfide (SnS) thin films are more important in the view
supercapacitors with batteries at the period of braking in of solar cell and supercapacitor [16]. The phase of SnS holds
hybrid electric vehicles provide the higher electric power two layers per unit cell, in which one is along with elongated
during acceleration. The charge storage mechanism divides distance ‘S’ atom among the adjacent layers. This layer is
supercapacitor in to two categories as; electrochemical double important because of the arrangement of cations and anions of
layer capacitor (EDLC) and pseudocapacitor. The charge  gsps js depends on this type of layer and the cations layer
storage in EDLC type supercapacitor is due to the reversible  getached by weak van der Waals forces [14]. The layer of SnS
adsorption of cations as well as anions at the electrode-  thin film provides the intercalation with cationic ion of
electrolyte interface, while in pseudocapacitor charge storage electrode  material, which helps to improve the
belongs to fast surface redox reactions of the electrode with  gjectrochemical supercapacitor performance of SnS electrode
the electrolyte ions [4, 5]. Presently, the highly porous carbon  material. The properties of SnS like high absorption
materials are used in commercial EDLCs because of the  coefficient, dual type semiconductor and lower toxic nature
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fix the scope of SnS electrode in future electrode material
fabrication. Also, the storage ability of SnS electrode material
can be enhanced by the wide range of potential windows over
some other metal chalcogenides (e.g NiS, MnS, CoS, MoS
etc) [17].

In the present work, SnS thin films are successfully
synthesized from simple, inexpensive, surfactant free and
convenient chemical bath deposition (CBD) method. The time
variation in the deposition effects on the surface morphology
and other properties including electrochemical supercapacitor
performance of electrode material. The basic characterization
of prepared SnS electrode material carried out with different
characterization techniques. The electrochemical
supercapacitor properties of electrode material also studied
using cyclic voltammetry (CV), galvonnostatic charge-
discharge (GCD), electrochemical stability  and
electrochemical impedance spectroscopy analysis. In this way,
obtained electrochemical values of SnS material is much
better than previous reports [14, 17].

Experimental

Chemicals:

The tin chloride (SnCl,), triethylamine (TEA), hydrochloric
acid (HCI), potassium hydroxide (KOH) and sodium
thiosulfate pentahydrate (Na,S,0;5H,0) were used without
further purification (Sigma Aldrich). The commercially
available flexible SS material (304 grade) was used as current
collector material.

Synthesis of SnS thin films:

In a typical synthesis, SnCl, and Na,S,05 were used as tin and
sulfur sources, respectively, and TEA was used as a
complexing agent. The cationic source of 0.1 M SnCl,
dissolved in 50 ml DDW by continuous stirring using a
magnetic stirrer. Four beakers of 50 ml were used for
deposition of thin film at different time period. After
dissolving of SnCl, in DDW, 1.5 ml of TEA was mixed drop
wise in each beaker solution at stirring condition. Further, 0.2
M of Na,S,0; was added in the above solution for SnS thin
film formation. Besides, dilute HCI was added drop wise in
solution till pH becomes 4.5 (+ 0.1). Afterward, the drop wise
addition of HCI change the solution transparent light-yellow.
These beakers were placed in a constant temperature bath
which is maintained at constant temperature of 353 K.
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Schematic.1 Schematic representation of formation of SnS
thin films by CBD method.

The deposition of SnS thin films takes place after 1 h. The
four beakers were takeout at 1, 2, 3 and 4 h time period. The
deposition time alters the surface morphology of SnS thin
films.

Results and discussion

The SnS thin films on SS substrate is deposited by CBD
method. Deposition takes place with different stages of film
formation, such as nucleation aggregation, coalescence and
growth (Schematic 1). From 0.1 M SnCl, solution, Sn?* ions
are released and form complex with TEA (Equation. 1 and 2).
The sulfur ions source gives H,S in DDW (Equation. 3). The
complex of Sn*? ions with TEA and H,S react in acidic (pH =
4.5 (20.01) and SnS thin film is deposited on a SS substrate
(Equation. 4).

Sn,Cly.2H,0 + H,0 — Sn2* + CIZ~ + 3H,0 1)
Sn?* + Cl3~+TEA - [sn[TEA]]"" + ci3- )
Na,S,0; + Hy0 — H,S + Na,SO, (3)

[SnITEA]|" + H,S + HCl > SnS + TEA+ HCl + 2H*(4)

At a temperature of 353 K well an adherent thin film is
developed on SS substrate. After 1 h SnS deposited on SS
substrate. The deposition time of 1, 2, 3 and 4 h gives SnS1,
SnS2, SnS3 and SnS4 thin films, respectively.

Structural studies

The XRD pattern of CBD prepared SnS1, SnS2, SnS3 and
SnS4 thin films is shown inFigure 1 (A). The high intense
peaks observed at (011), (012), (102), (110), (013), (104),
(022) and (115) crystalline planes which well match with
JCPDS card no. 00-001-0984. The observed peak positions
and crystal planes belongs to the formation of orthorhombic
structure for all SnS thin films. The microstructure and growth
direction of SnS thin film can be controlled by reaction time
and nucleation rate. At reaction time of 1 and 2 h the strong
diffraction peaks are observed at (013), (104) and (115)
planes. The drop in intensity of peaks at reaction time of 3 and
4 h (SnS3 and SnS4) indicates restricted growth along x and
y-axes. The SnS material deposited at four different
deposition time confirms same plane peak positions, which
implies that the high purity of SnS thin films. The reports
obtained in this work well matches to literature [18-20]. XRD
analyses reveal that the rise in crystalline size with an increase
in deposition time up to a certain limit. The decrease of
crystalline size is may be due to the quicker nucleation rate at
higher time.

FT-IR studies

Figure 1 (B)displays FT-IR spectra of SnS thin films
synthesized at four different deposition time. The peaks
appeared in wave number of 640, 1440, 1640 and 3650 cm™
strongly support to the formation of SnS material on SS
substrate. The chemical composition of SnS microflowers was
scrutinized by using FT-IR spectroscopy. The well-defined
absorption bands were observed in the spectrum at 640, 1440
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in the

and 1640 cm™'. The peak observed at 640 cm'
spectrum is due to the development of Sn—S bond [21]. The
two very weak peaks at 1440 and 1640 cm ™' are because of
the formation of C-H and C-O bands, respectively [22].
Above peak analyses confirm that the thin film material is
SnS. The peak observed at 3650 cm™ related to stretching
mode, which attributed to the hydroxyl group.lt is clearly
observed that the intensity and perceptiveness of peaks drop
with increase in deposition time. High intensity of peaks at the
higher deposition time mentions a number of functional
groups in addition to better adherence of SnS thin film.
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Figure 1: (A) The XRD patterns of (a) SnS1, (b) SnS2, (c)
SnS3, and (d) SnS4 thin films, respectively, and (B) The FT-
IR spectrum of (a) SnS1, (b) SnS2, (c) SnS3, and (d) SnS4
thin films, respectively.

Surface morphological studies

Figure 2 (A-H) shows the surface morphology of SnS thin
films deposited at four different deposition time at reaction
temperature of 353 K on SS substrates at two different
magnifications of 10 and 20 K. The compactness of SnS
surface increase up to a certain limit, then it decreases with
increase in deposition time. The SnS1 thin film shows flowers
like morphology. The average diameter of each flower is
about 2 pm in size (Figure 2 (A, B)). As the deposition time
increases, the slight increase in compactness with reduced size
of micro flower is observed. Which gives less surface
interaction with the electrolyte ions than NiS1 thin film.The
growth of micro-flowers on SS substrate is uniform with
moderately porous surface. As the deposition time increases
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the growth rate of reaction rises with the nucleation rate of
thin film formation and surface becomes inactive with
overgrowth of material on a SS substrate(Figure 2 (C, D)).The
change in growth rate and direction of film formation implies
that the deposition time is a tool to alter the morphology of
SnS film surface. The diameter of micro-flower decreased
bythe deposition time. The average size of stacked micro-
flower (SnS3) is about 1.7 um (Figure 2 (E, F)). Furthermore,
the stacked micro-flowers are resized to spherical grain like
structure at the deposition time of 3 h. The average size of
spherical grains is about 1.5 pum. The outer nano-flakes are
diminished with higher deposition time at reaction
temperature of 353 K. Afterwards, at the deposition time of 4
h, spherical grains interconnect with each other. The
compactness decreases at this condition, but the adherence of
thin film material drops at for SnS4 thin film material. From
above results, the SnS1 thin film material shows higher
electrochemical properties with a more electroactive material
contribution. The micro-flowers offer more specific surface
area in electrochemical reaction [23, 24]. In summary, the
SnS1 material is beneficial for further electrochemical
supercapacnor mvestlgatlons

Figure 2:The FE-SEM images of (A and B) SnS1, (C and D)
SnS2, (E and F) SnS3 and (G and H) SnS4 thin films at two
different magnifications of 10000 X and 20000 X,
respectively.

BET surface area study
The N, adsorption-desorption isotherm of SnS1 powder
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sample is depicted in Figure 3 (A). The micro-flower like
structure of SnS1 thin film is visualized by isotherm curves of
type IV through the H3 hysteresis loop [25]. The
corresponding BJH plot is represented in Figure 3 (B). The
peak positions at 3.05, 5.5, 12.3, 19.6, 23.4 and 33.4 nm in
pore size distribution graph expose the mesoporous range of
the pores. The BET surface area observed in SnS1 sample is
about 86.6 m? g'. Chauhan et al. [14] prepared SnS
nanoparticles using the solvothermal route for applications in
supercapacitor devices and reported specific surface area of
221 m? g, Results obtained from BET analysis is correlated
with FE-SEM analysis. The micro-flowers show higher
surface area with a smallest pore size of 3.05 nm. The greater
specific surface area of SnS thin film is beneficial for
electrochemical supercapacitor application [26]. The peaks in
the pore size distribution plot between 3 to 34 nm indicates
that the different sized mesoporous SnS thin film distribution

These thin films show contact angles of 38, 45, 56 and 65°,
respectively. SnS1 thin film gives lower contact angle which
confirms hydrophilic nature of electrode material, which is
beneficial to enhance the electrochemical supercapacitive
performance of electrode.

Thickness measurements

Thickness of thin film can be change the surface properties of
thin film material. Figure 4 displays thickness of SnS1, SnS2,
SnS3 and SnS4 thin films deposited at deposition time period
of 1, 2, 3and 4 h, respectively. It shows thickness of 575, 702,
754 and 603 nm for SnS1, SnS2, SnS3 and SnS4 thin films,
respectively. As deposition time increases, the thickness also
increase up to 3 h. After that due to overgrowth of material on
substrate, the film shows reduction in thickness for SnS4 thin
film.
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Figure 3:(A) The N, adsorption-desorption isotherms of SnS1
thin film, and (B) Pore size distribution plot of SnS1 powder
sample.

Contact angle measurements

The interfacial contact properties between SnS thin film
electrodes and aqueous electrolyte is determined by contact
angle measurement. The water contact angle of SnS1, SnS2,
SnS3 and SnS4 thin films are included in inset Figure 4.
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surface area of electroactive material. This type of surface
allows better intercalation of electric charges in electrode
material. The deposition time alters the surface morphology as
well as the electrochemical performance [28].Therefore, the
SnS1, SnS2, SnS3 and SnS4 electrodes have been employed
to CV, GCD and EIS tests to investigate the deposition
temperature influence on the electrochemical supercapacitor
performance SnS thin films and to choose the optimized high
performance condition for electrode preparation.

The CV evaluations are carried out for SnS1, SnS2, SnS3 and
SnS4 electrodes in the potential windows of -0.5 to -1.2
VISCE in 2 M KOH electrolyte. Usually, metal sulfide
electrodes in the alkaline electrolytes store charges at the
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interface of the electrode/electrolyte and in the bulk of
electrode material [29]. Figure 5(A-D) depicts the CV curves
of SnS1, SnS2, SnS3 and SnS4 electrode at a scan rates of 5,
10, 20, 50 and 100 mV s™.Figure 5 (E)shows comparative CV
curves of all four electrodes at fix scan rate of 100 mV s™.
The CV curves show the precise redox peaks at the potential
positions of -0.7 and -1.05 V/SCE confirms that the charge
storage due to redox reactions rather than EDLC. The kinetic
irreversibility of electrode gives asymmetry on the both sides,
i.e oxidation and reduction sides of CV curves [30]. The
charge storage in the SnS electrode material is on the basis of
following reaction,

SnS+ OH™ & SnSOH + e~ (5
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Figure 5: The CV curves recorded at different scan rate for
(A) SnSl, (B) SnS2, (C) SnS3 and (D) SnS4 electrodes,
respectively, (E) the comparative CV curves of all electrodes
at 100 mV s™'scan rate, and (F) the specific capacitance versus
scan rate plot of all SnS thin films.

From these CV curves it is clearly seen that the area under CV
curves for SnS1 micro-flower electrode material is higher than
other electrode. In that way, the SnS1 electrode is preferred as
the higher performance electrode material. Furthermore, to

918

confirm the better electrode material, the specific capacitance
(C,) is calculated such as [28],

Where, ‘Cs’ is specific capacitance, ‘m’ is mass of deposited
SnS material on 1 cm?® area, ‘s’ is scan rate, (Vy — Vo) is
potential window and ‘I’ is current response. The estimated
values of specific capacitance for SnS1, SnS2, SnS3 and SnS4
electrodes as 1290, 1100, 759 and 708 F g™ at scan rate of 5
mV s™. Figure 5(F)illustrates the Cs versus scan rate plots for
SnS1, SnS2, SnS3 and SnS4 electrodes.The obtained Cs
values are higher at alower scan rate due to the more time
available to intercalate OH" ions at lower scan rate (5 mV s™)
than high scan rate (100 mV s™).At the higher scan rate only
surface of electrode material contributes electrochemical
reaction not in bulk of material, which gives a lower
electrochemical performance. From all the SnS thin films,
SnS1 electrode display more C, values for all scan rates due to
higher electroactive material accessibility [31].

Galvonostatic Charge-discharge (GCD) study

The GCD analysis is carried out for all four SnS electrodes at
different current densities of 3, 4, 5 and 7 mA cm™ between
potential of -1.2 to -0.5 V/SCE in 2 M KOH electrolyte.
Figure 6 (A-D) shows the charge-discharge curves for SnS1,
SnS2, SnS3 and SnS4 electrodes, respectively. The results
obtained from GCD curves confirms the capacitance
contributed from pseudocapacitor as well as EDLC type[14].
The lower interface resistance (IR) drop is observed for SnS1
electrode (-0.5 to -0.73 V/SCE) as compared to SnS2 (-0.5to -
0.78 V/SCE), SnS3 (-0.5to -0.81 V/SCE) and SnS4 electrodes
(-0.5 to -0.83 V/SCE). The slope shaped curves after -0.8
VISCE indicated the pseudocapacitor behavior of SnS
electrode. The C; values are calculated using following
equation as,

Ixt

Cs=m X AV @

Where, ‘I’ is the current density, ‘t” is discharging time, ‘m’ is
a mass of material loaded at 1 cm? which is dipped in
electrolyte and ‘AV’ is potential window. From GCD analysis,
C, values obtained for SnS1, SnS2, SnS3 and SnS4 electrodes
as 1375, 1206, 688 and 350 F g™, respectively, at a constant
current density of 3 mA cm™. The achieved values of specific
capacitance is due to the micro-flower like structure of SnS
thin film. The results reported in this work is much higher
than other previous reports, it is due to the higher specific
surface area, surface morphology and the electrical
conductivity of SnS electrode[14, 32, 33]. Figure 6 (E) shows
the comparative GCD curves of SnS1, SnS2, SnS3 and SnS4
electrodes. The greater discharging rate of the SnS1 electrode
proves the more charge storage ability of SnS1 electrode. The
comparatively higher material interaction of electrode
material with the OH" ions from KOH electrolyte is because
of the more time available for charge transfer at a lower
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current density. At a lower current density, the rate of
intercalation is higher due to the total electrode material
interaction.  Also, the IR drop values for all electrodes
increases with an increase in current density and the C;values
decreases correspondingly [34].

Galvonostatic Charge-discharge (GCD) study

The GCD analysis is carried out for all four SnS electrodes at
different current densities of 3, 4, 5 and 7 mA cm™ between
potential of -1.2 to -0.5 V/SCE in 2 M KOH electrolyte.
Figure 6 (A-D) shows the charge-discharge curves for SnS1,
SnS2, SnS3 and SnS4 electrodes, respectively. The results
obtained from GCD curves confirms the capacitance
contributed from pseudocapacitor as well as EDLC type[14].
The lower interface resistance (IR) drop is observed for SnS1
electrode (-0.5 to -0.73 VV/SCE) as compared to SnS2 (-0.5 to -
0.78 V/SCE), SnS3 (-0.5 to -0.81 V/SCE) and SnS4 electrodes
(-0.5t0 -0.83 VV/SCE).

-04

SnS1
(0) smacm. (a)3 mAcm*
(6} 4 mAem” = {b) 4 mor?
~-06 ()5 mAcm® w-0.6 (¢)5 mAcm?
8 (d)7 mAem® 8 (@7 mAcm”
Q
2 =3
208 =08
5 =
:
5 -1.0 a-1.0
o
4oLk \® @) 424 ) > . -
0 100 200 300 400 500 0 5 100 150 200 250
Time (s) Time (s)
04 .
sns3 ] 04 S :
{a) 3 mAcm™ (@) 3 mAem
—~ (b)4 mAem” (b) 4 mAem”
or-06 @smaem’ | | ©T-06 (¢)5 mAcm®
8 (d)7 mAem”? Q (d) 7 mAem”
S @
< 0.8 <
-,E ) 508
g 5
a-1.0 & 10
1.2¢ T T T T T (a.) 12 (a)
0 20 40 Tiri]oe (S)BO 100 120 0 10 20 30 20 50
Time (s)
L 1500
(@snst ]|~ (@ (@) Snst
o] @ (F) (ysns2
- 12004 &) (e} SnS3
8 08 (i § (d) Sns4
g 5
< S 9004
508 g
< 8
2 o 600
g0 5
2
& 3004
4 @)\« b a
0 50 100 150 200 250 300 350 400 450 50(

Time (s) 3 4 5 6 7
Current density (mAcm’Q)

Figure 6: The GCD curves recorded at different current
densities for (A) SnS1, (B) SnS2, (C) SnS3 and (D) SnS4
electrodes, respectively, (E) the comparative GCD curves of
all electrodes at 3 mA cm™, and (F) the specific capacitance
versus current density plot of all SnS thin films.

The slope shaped curves after -0.8 V/SCE indicated the
pseudocapacitor behavior of SnS electrode. The C, values are
calculated using following equation as,
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ST xAv 0

Where, ‘I’ is the current density, ‘t’ is discharging time, ‘m’ is
a mass of material loaded at 1 cm? which is dipped in
electrolyte and ‘AV’ is potential window. From GCD analysis,
C; values obtained for SnS1, SnS2, SnS3 and SnS4 electrodes
as 1375, 1206, 688 and 350 F g™, respectively, at a constant
current density of 3 mA cm™. The achieved values of specific
capacitance is due to the micro-flower like structure of SnS
thin film. The results reported ions this work is much higher
than other previous reports, it is due to the higher specific
surface area, surface morphology and the electrical
conductivity of SnS electrode[14, 32, 33]. Figure 6 (E) shows
the comparative GCD curves of SnS1, SnS2, SnS3 and SnS4
electrodes. The greater discharging rate of the SnS1 electrode
proves the more charge storage ability of SnS1 electrode. The
comparatively higher material interaction of electrode
material with the OH" ions from KOH electrolyte is because
of the more time available for charge transfer at a lower
current density. At a lower current density, the rate of
intercalation is higher due to the total electrode material
interaction.  Also, the IR drop values for all electrodes
increases with an increase in current density and the C;values
decreases correspondingly (Figure 6 (F)) [34].

Electrochemical stability and Ragone plot

The recyclability of SnS electrode material is tested by the CV
cycling of electrode material at a scan rate of 100 mV s
Figure 7 (A-D) shows the electrochemical stability of SnS1,
SnS2, SnS3 and SnS4 electrode material upto 2000 CV
cycles, respectively. The area under the CV curve does not
decrease more even if 2000 CV cycles are completed, which
indicates that the ability of electrode material in future
supercapacitor. Figure 7(E)depicts the capacity retention
versus cycle number plot of four electrode materials.The
percent wise electrochemical stability of SnS1, SnS2, SnS3
and SnS4 electrode material is 89, 83, 76 and 75 %,
respectively (Figure 7 (F)). The microstructure, adherence and
higher surface area of SnS1 electrode material provide higher
cycling stability.
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Figure 7: The CV curves at differentCV cycles in constant
scan rate of 100 mV s™ for (A) SnS1, (B) SnS2, (C) SnS3 and
(D) SnS4 electrodes, (E) Capacity retention versus cycle
number plot, and (F) Histogram of electrochemical stability of
all four SnS electrodes.

Figure 8shows Ragone plots of SnS1, SnS2, SnS3 and SnS4
electrodes. The energy density decreases with an increase in
the specific power density. The maximum energy densities
obtained as 68, 60, 55 and 35 W h kg™ and maximum power
densities calculated as 8, 12, 10 and 3.5 kW kg™, respectively.
These thin film materials fix the position between ordinary
capacitor and batteries region in Ragone plot.

between SnS electrode material and current collector. The
ionic resistance is related to the KOH electrolyte resistance.

Figure 9: Nyquist plots of SnS1, SnS2, SnS3 and SnS4
electrodes (Inset shows best fitted equivalent circuit).

The ESR of SnS1, SnS2, SnS3 and SnS4 nanostructures
electrodes are calculated to be 0.18, 0.34, 0.48 and 0.85 Qcm’
2. respectively. The lower ESR values owing to the highly
porous nano-structure, which delivers low impedance and
provide easy access to electrolyte ions for intercalation and
deintercalation. The diameter of semicircle gives the charge
transfer resistance (Ry). The R of 1.19, 3.88, 4.66 and 1.85
Qcm? are observed for SnS1, SnS2, SnS3 and SnS4
electrodes, respectively. The diffusion of Sn®* in KOH
electrolyte gives a straight line after semicircle at 45°, which
indicates the Warburg’s constant (W). The SnS1 electrode
shows lower impedance than other electrodes. Hence, from
these analyses, the nano-flower morphological SnS1 electrode
is suitable for supercapacitor.

In summary, the nano-flower morphological SnS thin
films are successfully synthesized by the CBD method at
different reaction time. The excellent C, of 1375 F g™ and Sgp
and Spp of 68 Wh kg™ and 12 kW kg™, respectively, achieved
with capacity retention of 89 % up to 2000 CV cycles for
SnS1 electrode. This electrochemical investigations indicates
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EIS analyses

Figure 9 shows the impedance plots of SnS1, SnS2, SnS3 and
SnS4 electrodes in the frequency range of 1 kHz to 1 MHz at
a bias potential of 10 mV. The inset figure shows the
equivalent circuit diagram from which the Nyquist plot is
fitted. The Nyquist plots of all SnS electrode shows the
semicircle at higher frequency region. The intercept on the
real axis gives equivalent series resistance (ESR) of an
electrode material which consists of electronic and ionic
contributions [35]. The electronic resistance is connected to
the electronic resistance of the SnS particles and resistance
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