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In the present paper, we have reported the room temperature growth of bismuth sulphide 

(Bi2S3) thin films by dip method and  annealed at different temperature. The films were 

deposited from a reaction bath containing bismuth nitrate, glycine and sodium thiosulphate. 

We have analyzed optical, electrical and thermoelectrial properties of Bi2S3 thin films. From 

optical absorption spectra the band gap of the material is estimated to be 1.54 eV at 348 K. 

1.49 and 1.44 eV at 423K and 473K. . The value of specific conductance is of the order of 

10-6(Ω cm)-1.Thermoelectric power was found to be 378.45 to 420.27µv/K at 300- 525 K. for 

sample annealed at 348 K. and 473 K thermoelectric power changes from 390.45 to 

435µv/K. The values of series and shunt resistance have been observed to be 211 and 628 

Ω annealed at 348 K. and 204 and 618 Ω sample annealed at 473 K. 
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1. Introduction 

Among the V–VI compound semiconductor, Bi2S3 has 

attracted significant interest because of its superior properties 

such as high absorption co-efficient, direct band gap energy of 

1.2–1.7 eV, high figure of merit, and good chemical stability. 

These intriguing properties make Bi2S3 as a techno-logically 

important material with widespread applications including 

photovoltaics, photodiode arrays, thermoelectric, switching 

devices and IR spectroscopy [1–8].Up to now, diverse 

morphologies of Bi2S3 nanostructures including one-

dimensional (1D) nanowires, nanoribbons, nanorods ,nano-

tubes as well as their complex assemblies such as nano 

fabrics, necklace architectures, disc-like networks, sheaf-like 

arrays, snowflake-like patterns and flower-like orurchin-like 

micro- spheres have been produced [9–19]. 

Different workers have reported chemical deposition of 

Bi2S3 on different types of substrates with characterization such 

as chemical deposition [20], interface gas–solution [21], 

electrode position [22], and spray pyrolysis [23]. Krishnamurthy 

and Shivkumar [24] deposited 

Bi2S3films using the hot wall chemical deposition 

technique. Benramdaneet al. [25] deposited Bi2S3 films onto 

glass substrates byspray pyrolysis method using bismuth 

chloride and thiourea having bismuth and sulphur source 

respectively. Pawar et al. [26,27] prepared amorphous Bi2S3 

and Sb2−xBixS3 films by the solution–gas interface method. 

Electrode position method was used by Lokhandeand Bhosale 

[28] to prepare polycrystalline Bi2S3 thin films. KrishnaMoorthy 

[29] has prepared polycrystalline stoichiometric Bi2S3films by 

physical deposition technique. Pramanik and Bhattacharya[30] 

have also deposited amorphous Bi2S3 thin films from an 

alkalinebath using TEA as a complexing agent. Biswas et al. 

[31] haveprepared thin films of Bi2S3 by solution growth 

technique using triethanolamine(TEA) as the complexing 

agent. Lokhande et al. [32,]have deposited thin films of Bi2S3 

from an alkaline as well as acidicbath using EDTA complexing 

agent. Ubale et al. [33] have preparedBi2S3 thin films by 

modified chemical bath deposition at room temperature and 

reported their electrical and optical properties. The non-

aqueous chemical deposition of the Bi2S3 thin films has been 

reported by Desai and Lokhande [34] using bismuth nitrate and 

thiourea in acetic acid and formaldehyde solvents respectively. 

 We Report synthesis of Bi2S3 thin film by dip method. The 

deposited thin film samples were characterized by various 

technique such as optical, electrical, thermoelectrial properties 

are  studied. 

 

2. Experimental details 

To set up the reaction mixture, 10mL (0.2M) Bi(NO3)3 

became kept in 100mL beaker; different chemical substances 

have been added in the subsequent series: 4mL (1M) glycine, 

15mL (0.2M) sodium thiosulphate.  pH of the reaction bath was 

found to be 4.53. The overall quantity became maintain 50 mL 

with the help of twice distilled water. The temperature of the 

reaction mixture becomes manage at 278 K with the help of 

ice. The reaction mixture became stirred strongly prior to 

dipping amorphous glass material. The glass plates maintain 

upright to some extent slanted in a reaction mixture. The 

hotness of the reaction mixture became subsequently 

permissible to go up to 298 K extremely gradually. The sample 

was prepared on each side of substrates. Subsequent to four 

hours, the substrates have been detached rinsed a number of 

times with the help of double distilled water. The samples 

become dried in the atmosphere and conserved in desiccators 

above anhydrous CaCl2. The achieved sample annealed at 348 

K, 423K and 473 K in the atmosphere. 

 

3. Result and discussion 

3.1 Optical characterization 

The optical absorption spectra of annealed Bi2S3 sample 

have been represented in Diagram 1 (a-c). Annealed samples 

indicate more transmittance at larger wavelengths and get 

decreases along with lower wavelength. As the annealing 

temperature go up, the transmittance gets decreases. Due to 

annealing, the absorbance diminishes at shorter wavelength.  

As the annealing temperature of the thin films enhance, 

absorbance propose an increasing tendency with the 

wavelength. The absorbance edge shifted towards larger 

wavelength region. The absorption coefficient of all annealed 
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samples with analogous wavelength became determined 

applying relation. 

                                            α = (A/t) ------------[1] 

 

Where, A is absorbance and t is thickness. The 

absorptivity was estimated in the wavelength range 500 to 900 

nm. The annealed samples were extremely absorptive. Sample 

annealed at 348 K offer absorptivity 6 x 104cm-1 at 500 nm and 

1.03 x 104cm1 for 900nm. Likewise, sample annealed at 473 K 

provide absorptivity7.39 x 104 cm-1 at 500 nm and 1.32 x 104 

cm-1 for 900nm.  For lower wavelength the magnitude of 

absorptivity is high. As the annealing temperature increases 

absorptivity increases.   

The change in optical absorbance with wavelength 

became considered by using absorption spectrum that 

indicates the type of electronic transition in between the optical 

gap.  The graph of (αhν)2 against hν represented in diagram 2 

(a-c). The absorptivity was estimated in the wavelength range 

500 to 900 nm. The primary absorption that related to negative 

charged species traveling as of the valence to conduction band 

may applied to decide type and magnitude of the band gap 

energy (Eg). Equation among the absorptivity and the energy of 

incident beam may represented as35 

(αhν)n = A(hν-Eg)-------[2] 

 

In which A is equal to a constant relying at the transition 

possibility and n is a constant that depends upon the optical 

transitions. The magnitude of n is hypothetically equivalent to 

1/2 or 2, for indirect and direct allowed transition while 1/3 

otherwise 2/3 for indirect and direct forbidden transition.36The 

optical gap energy reduced for annealed Bi2S3 films with 

annealing temperature. The band gap was found to be 1.54 eV 

for sample annealed at 348 K. Similarly, band gap value was 

found to be 1.49 and 1.44 eV for sample annealed at 423 and 

473 K respectively. The decrease in band gap with annealing 

temperature is probably to increase in grain size, leading to 

reduction in density of grain boundary trapping centre and 

improved crystallinity of the film. The graph of (αhυ)2 versus 

photon energy are straight line in high energy area suggesting 

direct band to band nature transition. For direct type of 

transformation the graph of ln(αhυ) against ln (hυ-Eg) must 

represent a linear nature. Value of slope was found to be close 

to 2 indicating a single direct type of band gap.  

 

 
Diagram 1 (a): Plot of absorbance against wavelength for annealed 

Bi2S3 sample at 348 K. 

 

 
Diagram 1 (b): Plot of absorbance against wavelength for annealed 

Bi2S3 sample at 423 K. 

 

Diagram 1 (c): Plot of absorbance against wavelength for annealed 

Bi2S3 sample at 473 K. 

 

 
Diagram 2 (a): Graph of (αhν)2 with hν for  annealed Bi2S3 sample at 

348 K. 

 

 
Diagram 2 (b): Graph of (αhν)2 with hν for  annealed Bi2S3 sample at 

423 K. 
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Diagram 2 (c): Graph of (αhν)2 with hν for  annealed Bi2S3 sample at 

473 K. 

 

3.2  Electrical Characterization 

The thin film conductivity has been found to depend on 

different factors like thickness, substrate temperature, 

deposition rate, and many others. Electrical characteristics are 

responsive to stoichiometric defect and therefore a wide range 

of conductance is acquired.37-39The conductivity of allthin films 

became calculated via the use of two probe technique. 

The dark electrical conductivity of annealed Bi2S3 film at 

348K to 473K was determined by using a ‘dc’ two probe 

method, in the temperature range 300-525K.  The conductance 

of the thin films will raise with raise in temperature, indicative of 

semiconducting nature remains of the sample. The value of 

electrical conductivity for sample 348 K was found to be 1.0 nA 

at 300K while 0.985 µA at 525K. Similarly, the value of 

electrical conductivity for sample annealed at 473 K was found 

to be 1.2 nA at 300K while1.086 µA at 525K. The low value of 

conductivity for the film may be due to low crystallinity and 

small thickness of the film.  

A common rise in the electrical conductance can be 

because of reduction in the optical energy of the samples and 

rise in particle dimension having raise in the annealing 

temperature. The particle dimension raise as internuclear area 

decreases and reduce the height of granule junction potential 

ensuing in increases in the carrier density in addition to the 

carrier mobility and for that reason electrical conductance. The 

value of specific conductance was found to be 3.277x10-6(Ω 

cm)-1 at 300K and 3.58x10-3(Ω cm)-1 at 525 K for sample 

annealed at 348 K. Similarly, specific conductance was found 

to be 7.526x10-6 (Ω cm)-1 at 300 K and 8.619x10-3 (Ω cm)-1 at 

525 K for sample annealed at 473 K. The specific conductance 

will increases for annealed films with annealing temperature. 

The graphs of log conductivity against inverse of temperature 

are represented in diagram 3 (a-c) for annealed Sb2S3 thin 

samples. It contains two separate areas, confirming the 

occurrence of two- type conduction method, the small 

temperature intrinsic and high temperature extrinsic. In the 

smaller temperature area (300-370 K) is represented via low 

magnitude of slope. Above this temperature, the curve is 

characterized by larger slope. The activation energy is 

estimated usage of expression 

σ= σo exp (-Ea/KT)--------[3] 

 

The thermal activation energies determined using the 

slope of linear portion of log conductivity against inverse of 

temperature graph. The activation energies for different 

annealed samples in the range of 348 K to 473 K were found 

between 0.086 to 0.072 eV for low temperature area. While, for 

high temperature region activation energies were observed 

between 0.195 to 0.179 eV. The activation energy found 

randomly varies with the annealing temperature. 

 
Diagram 3(a): Graph of log conductivity in opposition to inverse 

temperature for Bi2S3 sample annealed at 348K. 

 

 
Diagram 3(b): Graph of log conductivity in opposition to inverse 

temperature for Bi2S3 sample annealed at 423K. 

 

 
Diagram 3(c): Graph of log conductivity in opposition to inverse 

temperature for Bi2S3 sample annealed at 473K. 

 

3.3 Thermoelectrical  Characterization  

Thermoelectric power measured for annealed Bi2S3 films 

in the range of 300-525K. This shows rising thermoelectric 

power with rising temperature for all the films. This indicates 

degenerate character of the samples. The sign of thermo-

electromotive force became positive to hot end w r. t. cold end, 

that suggests annealed Bi2S3 samples shows n-kind 
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conductivity. The temperature reliance of thermoelectric power 

was represented in diagram 4 (a-c).  

The thermoelectric power is more or less linear in small 

temperature area, while it varies abruptly at high temperature. 

As the annealing temperature increases, linearity goes 

increases. Thermoelectric power was found to be 378.45 to 

420.27µv/K in the temperature range from 300- 525 K for 

sample annealed at 348 K. For sample annealed at 473 K, 

thermoelectric power changes from 390.45 to 435µv/K as the 

temperature increase from 300 to 525K. This indicates as the 

annealing temperature increases the thermoelectric power 

increases. The linear nature of the graph was observed. The 

carrier concentration with respect to temperature is calculated 

using equation. 

log n = 3/2 log T – 0.005 P + 15.7198------[4] 

 

At 300 K, the carrier density became observed to be 

4.567x1017 and 6.378x1017 at 525 K for sample annealed at 

348 K. For other extreme i.e. annealing temperature 473 K, the 

value of carrier concentration was found to be 4.834x1017 at 

300 K and 6.856 x1017at 525 K. As the annealing temperature 

rise the carrier concentration decreases.  Carrier concentration 

increases as the temperature rise. At low temperature the 

value of carrier concentration is low, but higher temperature 

carrier concentration increases.  The relation 

 μ = σ/ne----------[5] 

 

was applied to calculate the carrier mobility of all the 

samples. For sample annealed at 348 K, carrier mobility was 

found to be 2.468 x10-5at 300 K and 2.045 x10-2 at 525 K. For 

sample annealed at 473K, carrier mobility was found to be 

2.045x10-5 at 300 K and 1.003x10-2 at 525 K. It was found that 

carrier mobility rise with raise in temperature. In temperature 

range 300-400K the change in carrier mobility is very less. But 

afterwards, it increases steeply. 

 
Diagram 4 (a): Thermoelectric power measurement for Bi2S3 annealed 

sample at 348K. 

 
Diagram 4 (b): Thermoelectric power measurement for Bi2S3 annealed 

sample at 423K. 

 
Diagram 4. (c): Thermoelectric power measurement for Bi2S3 annealed 

sample at 473K 

 

3.4 Power Output Characteristics  

Photovoltaic production properties for a 

photoelectrochemical cell (n-annealed Bi2S3 | NaOH (1M) + S 

(1M) + Na2S (1M) | C (graphite) under the illumination is shown in 

diagram 5 The open circuit voltage and short-circuit current is 

obtained to be 232 mV and 1.93 mA/cm2 correspondingly for 

photoelectrode annealed at 348 K. The calculations indicate 

that the fill parameter is 37.67% and solar energy exchange 

output is 0.103% for sample annealed at 348 K. Similarly, open 

circuit voltage and short-circuit current is obtained to be 250mV 

and 2.04 mA/cm2 correspondingly for photoelectrode annealed 

at 473 K. Fill parameter was (FF) estimated applying the 

expression; 

%FF = [(Im x Vm)]/ [(Isc x Voc)] x 100   -------------[6] 

Wherein Im  is utmost current, Vm  is utmost  voltage which 

may be obtained using a power output curve of the cells. The 

calculations indicate that the fill parameter is 38.42% and solar 

energy exchange output is 0.113% for sample annealed at 473 

K.Series and shunt resistance have been estimated by using 

the slope of the power production properties applying the 

expression; 

(dI/dV)I = 0 = (1/Rs) -----------------------------------[7] 

(dI/dV)V = 0 = (1/Rsh) ---------------------------------[8] 

The values of series and shunt resistance have been 

observed to be 211 and 628 Ω correspondingly for sample 

annealed at 348 K. The values of series and shunt resistance 

have been observed to be 204 and 618 Ω correspondingly for 

sample annealed at 473 K. Short-circuit current, open circuit 

voltage, fill parameter and energy output raise as the annealing 

temperature increases.  The series and shunt resistance get 

reduced as the annealing temperature increases. 

 

 
Diagram 5: Photovoltaic output characteristics for annealed Bi2S3 

photoelectrode using polysulphide electrolyte. 
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4. Conclusion 

1) The optical gap energy reduced for annealed Bi2S3 

films with annealing temperature. The band gap was 

found to be 1.54 eV for sample annealed at 348 K. 

Similarly, band gap value was found to be 1.49 and 

1.44 eV for sample annealed at 423 and 473 K 

respectively. The decrease in band gap with 

annealing temperature is probably to increase in grain 

size, leading to reduction in density of grain boundary 

trapping centre and improved crystallinity of the film. 

2) The conductance of the thin films will raise with raise 

in temperature, indicative of semiconducting nature 

remains of the sample. 

3) It was found that carrier mobility rise with raise in 

temperature. In temperature range 300-400K the 

change in carrier mobility is very less. But afterwards, 

it increases steeply. 

4) Short-circuit current, open circuit voltage, fill 

parameter and energy output raise as the annealing 

temperature increases.  The series and shunt 

resistance get reduced as the annealing temperature 

increases. 
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