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Abstract-  

     The stoichiometric and nonstoichiometric 

thin films of Ag2S have been deposited on the 

ultrasonically cleaned glass substrates by 

chemical bath deposition technique from an 

acidic bath, using sodium thiosulphate 

(Na2S2O3) as sulphide ion source.  The 

parameters such as pH of the solution, 

deposition rate, temperature and composition of 

elements have been optimized for obtaining 

quality films. The values of band gap energy go 

on increasing and particle size goes on 

decreasing with the increase in at % of Ag (with 

the decrease in at % of S) in thin films of Ag2S. 

The X-ray studies, chemical analysis and optical 

measurements of the film material were carried 

out and results are discussed. 
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1. INTRODUCTION 

      Due to the suitable band gap, high performance, 

low cost, and easy manufacturing, the metal sulfide 

nanomaterials have attracted widespread attention 

[1-4]. As an important metal sulfide, Ag2S is a 

direction narrow band gap semiconductor (~1.5 

eV), and high absorption coefficient is 

approximately 104 m−1 [5, 6].  

      Ag2S belongs to I–VI compound semiconductor 

materials have band gap values in the range of 0.8-

2.3 eV [7] with monoclinic crystal structure. The 

semiconductor silver sulfide has promising 

photoelectric and thermoelectric properties [8, 9]. 

At high temperatures above 200oC, it is also well 

known as a mixed ionic and electronic conductor. 

      Ag2S is widely used in various fields, such as 

semiconductor, infrared detector, photovoltaic 

cells, and superionic conductor [10-13], as it has 

good optical properties and chemical stability 

[14,15]. Recently, it also has been used in the 

photoelectric switch and oxygen sensor at room 

temperature [16].  

      Thin films of silver sulphide can be deposited 

using low-cost deposition techniques such as: 

SILAR (successive ionic layer reaction and 

adsorption) [17-22], vacuum evaporation [23], 

chemical bath deposition [7, 24, 25-30], sol-gel 

synthesis [31, 32], solution growth techniques [33, 

34], thermal evaporation [35-37], gamma 

irradiation [38], molecular beam epitaxy (MBE) 

[39], electro-deposition [40, 41], sulphurisation 

method [42] and aerosol assisted chemical vapour 

deposition [43]. 

      Our main intention in this article is to study the 

effect of change in volume of silver precursor, and 

keeping the volume of sulpher precursor constant 

to obtain the particular silver sulphide films. The 

series of films so prepared were analyzed using 

EDAX. The structural and optical properties of the 

so obtained Ag2S films were studied. Effect of 

silver on the texture of the films was studied using 

scanning electron microscopy.  

 

2. EXPERIMENTAL 

 

      Ag2S thin films were prepared by chemical bath 

deposition technique in which, 0.15 M solution of 

silver nitrate was added into 0.15 M sodium 

thiosulphate solution in a beaker slowly with 

continuous stirring. The resultant solution was then 

stirred for few minutes. The pH of the resultant 

solution was between 2 to 3. Before deposition of 

the films, the glass substrates were cleaned by 

washing in detergent, chromic acid, ultrasonically 

and finally by acetone. The substrates were dipped 

vertically in the resultant solution. Initially the 

solution was faint orange; gradually turned into 

faint brown colour and finally turned into dark 

gray. The films were formed at 400C temperature 
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during 2 hrs. After deposition of the films, the 

substrates were taken out of beaker, washed with 

double distilled water and dried in air. Keeping 

concentration of sodium thiosulphate at constant 

optimum level and other growth parameter same, 

the series of thin films of Ag2S were prepared by 

varying the volume of silver nitrate (0.15 M) into a 

growth solution. To enhance the adherences of the 

film, few drops of dilute NH3 were added in to the 

resultant solution.  

      Using Na2S2O3 as the sulphide ions source, a 

typical chemical reaction mechanism responsible 

for the formation of Ag2S film in an acidic bath 

[44-46] could be presented as follows: 

AgNo3+ Na2S2O3↔Ag2S2O3 

Ag2S2O3+ OH-↔Ag2S+ H2SO4 

The films deposits on glass had strong adherence 

and were specularly reflecting in nature. 

 

3.  RESULTS    

3.1 STRUCTURAL PROPERTIES 

      Figure 1 below represent the XRD pattern of 

stoichiometric (B5) Ag2S thin film with optimum 

growth parameters scanned in the range of angle 2θ 

between 20 and 800 was carried out indicate 

monoclinic structure of the present investigation 

with JCPD’S data Card No. 14-0072. The observed 

peaks are matching well with reported JCPD’S data 

file.  This confirmed the formation of Ag2S. The 

crystallinity of the films could be increased by 

annealing them in an inert atmosphere [46-50]. 

Fi

g. 1 : XRD pattern of stoichiometric Ag2S thin film 

(B5). 

3.2 ELEMENTAL ANALYSIS 

      Energy dispersive analysis of X-rays (EDAX) 

was employed to carry out elemental analysis of 

the as grown Ag2S  

thin films. The weight percentages, atomic 

percentages of S and Ag were obtained by EDAX 

and the information regarding the stoichiometry for 

eight different samples are presented in Table 1. 

Except sample B5 all the films are non 

stoichiometric in nature. Stoichiometry of Ag to S 

in terms of at% is 66.67:33.33 and in terms of wt%, 

it is 87.06:12.94. Atomic % (at %) and weight % 

(wt %) of sample B5 nearly matching with the 

expected stoichiometric proportion. Sample B5 is 

therefore termed as stoichiometric as indicated in 

Table 1. 

Table 1: Elemental composition of various Ag2S 

samples 

 
NS-Nonstoichiometric, S– Stoichiometric  

       Variation in at% of Ag and S with the change 

in the silver precursor solution in the final solution 

is depicted in figure 2. From figure it is observed 

that the concentration of silver goes on increasing 

while the concentration of sulphur goes on 

decreasing. Sulphur and Silver are therefore 

completely miscible into each other. It was, 

therefore, possible to obtain the films of desired 

composition of Ag and S in Ag2S.     

 
Fig. 2: variation of at% of Ag and S in the volume 

of silver precursor 

3.3 SURFACE MICROSTRUCTURAL 

STUDY: NANOSTRUCTURED AG2S 

      To know the structure and the texture of the 

films, FESEM micrographs of the as grown Ag2S 

thin films were taken. Figure 3 represent the 

http://jespublication.com/


www.jespublication.com Page No:1362 

 

Vol 11, Issue 4 ,April/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

 

FESEM images of some typical films. It is known 

in chemically deposited thin films that the entire 

process passes through a nucleation phase, growth 

phase and terminal phase [51]. Figure 3(a-d) shows 

FESEM images of sample B1, sample B3, sample 

B5, and sample B8 respectively with different Ag/S 

ratios. It is seen from figures 3 (a) and 3 (b) that the 

particles are agglomerated. The average grain size 

of the particles in figure 3 (a) and 3 (b) was 

observed 120 nm and 105 nm respectively. It is 

clear from figures 3 (c) and 3 (d) that the average 

grain size of the particles was observed to be ≈ 40 

nm and 17 nm respectively. These films (B5 and 

B8) are therefore nanostructured in nature. As Ag/S 

ratios increases, particle size decreases and 

particles become more spherical. The average grain 

sizes obtain from the FESEM images are tabulated 

in Table 2.    

Table 2: Grain sizes and band gap energy values of 

typical as grown thin films 

        

Thi

n 

film 

sam

ples 

Ag/S 

(at%) 

ratio 

Grai

n 

sizes  

(nm) 

Absor

ption 

edge  

(nm) 

Band 

gap 

energy 

(eV) 

Type 

of 

semi

cond

uctor 

B1 0.673 120 930 1.3333 n 

B2 0.856 -- 913 1.3581 n 

B3 1.139 105 840 1.4761 n 

B4 1.452 -- 815 1.5214 n 

B5 2.028 40 718 1.7270 n 

B7 2.938 17 677 1.8316 n 

 

   

 

 
Fig. 3(a) : B1 (Ag/S=0.673), Fig. 3(b) : B3 

(Ag/S=1.139). 

 

 

 

   

Fig. 3(c) : B5 (Ag/S=2.028), Fig. 3(d) : B8 

(Ag/S=6.168) 

Fig. 3 [a-d] : FESEM images of Ag2S thin films 
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3.4 OPTICAL ABSORPTION STUDY: BLUE 

SHIFTS 

 

Fig. 4(a) :  Absorption spectra of stoichiometric 

and nonstoichiometric 

                  Ag2S thin films 

 

      The optical absorption studies were carried out 

in the wavelength range 300-1100 nm by using 

UV-VIS spectrophotometer (Simadzu Model 2450) 

at room temperature. The absorption spectra of a 

few representative samples are represented in 

Figure 4(a). From figure it is observed that the 

absorption edge shifts towards the lower 

wavelength side with the increase in at% of silver 

(decrease in at% of Sulphur) in the film 

composition. Thus there is blue shift with the 

increase in at% of silver in each composition. The 

values of band gap energy go on increasing with 

the increase in the ratio of silver to Sulphur as 

indicated in figure 4(a). The band gap energies of 

each sample are determined from the 

corresponding absorption spectrum. Table 4 

represents the variation of band gap energy values, 

grain sizes, Ag/S ratios, and type of semi 

conductivities of various samples obtained from 

absorption spectra. Band gap energy values vary 

from 1.3333 to 1.8316 eV, which are matching well 

with the reported values [52].  

      It is clear from Table 2 that the band gap 

energy values go on increasing, and the grain sizes 

go on decreasing with the increase in at% of silver 

(or decrease in at% of Sulphur) in the film 

compositions.  

      Figure 4(b) shows the variation of grain sizes 

with the Ag to S ratio (at%). From figure it is seen 

that the grain size goes on decreasing with the 

decrease in at% of silver.  

 
 

         Fig.4(b):Variation of grain size with      the 

Ag to S ratio (at%) 

 

3.5 THERMO EMF 

      In order to determine the type of conductivity 

of silver Sulphide thin films, the thermoemf 

measurement was found. The polarities of thermo 

electric voltage for all the samples were positive 

towards the hot end, indicating that the silver 

sulphide thin films were n-Type semiconductor 

[52, 53-55]. 

 

4.  DISCUSSION   

      The Ag to S ratio (at %) of the as grown thin 

films of Ag2S was varied from 0.673 to 6.168. To 

understand the effect of change in composition on 

the crystallinity and on their optical properties, the 

stoichiometric and nonstoichiometric Ag2S films 

were synthesized. Silver sulphide films of any 

composition could be possible except the film with 

Ag/S (at %) = 2.028, all the films were observed to 

be nonstoichiometric in nature.   

      From SEM images [figures 3 (a) and 3 (b)] it is 

clear that films are associated with the particles 

which are agglomerated where as from figures 3 (c) 

and 3 (d) it is clear that films are associated with 

spherical particles. With highest silver to sulphur 

ratio [figures 3 (d)], the number of particles 

associated in the film are largest while the number 

of particles in case of film with lowest Bi/S (at %) 

ratio [figures 3 (a)] are smallest. 

      This could be attributed to the atomic radii of 

constituent elements of Ag2S. The atomic radii of 

Ag and S are 1.60 Å and 1.84 Å respectively. With 

largest amount of silver [sample B8 (95.40 wt %)], 

there would be largest number of nucleation centers 

to nucleate which would divide the point feed 

http://jespublication.com/


www.jespublication.com Page No:1364 

 

Vol 11, Issue 4 ,April/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

 

giving the largest number of particles. With the 

decrease in amount of at % of Ag in the films, the 

number of particles was observed to decline. 

      Spherical particles associated in the films 

[figures 3 (c) and 3 (d)] were observed to be 

nanostructured in nature. These particles would 

have been made up of nanocrystallites with 

different crystallographic orientations. The 

particles observed in SEM images [figures 3 (c) 

and 3 (d)] are spherical and independent. These 

spherical particles would have been made up of 

nanocrystalline grains. The nanocrystallinity could 

be attributed to larger number of nucleation 

centers. An atomic radius of silver (1.60 Å) is 

smaller than that of sulphur (1.84Å). Larger the 

number of silver ions, larger would be the 

nucleation centers and smaller would be the feed 

available to grow the each grain.  

5. SUMMARY AND CONCLUSIONS 

 

1. Uniformly deposited and good quality 

Ag2S thin films were possible from CBD 

technique.  

2. Particle size of Ag2S was decreasing with 

the increase in at% of silver (decrease in 

at% of S).  

3. Nanoparticles were associated with Ag2S 

films with minimum average grain size 17 

nm and maximum 120 nm.  

4. The band gap of Ag2S was observed to be 

increasing with the increase in at% of 

silver in composition, that is, there was the 

blue shift with the increase of at% of 

silver. 

5. Depending upon film composition, the 

band gaps energy values of Ag2S were 

varying from 1.3333 eV to 1.8316 eV 

depending upon film composition.  

6. The stoichiometric and nonstoichiometric 

AgS films were observed to be n-type in 

nature.  

7. Good quality and uniformly deposited 

Bi2S3 thin films were possible from CBD 

technique.  

 

REFERENCES 

[1] Jun HK, Gareem MA, Arof AK, Sust R (2013) 

Quantum dot-sensitized solar cells-perspective and 

recent development: a review of Cd chalcogenide 

quantum dots as sensitizers. Energy Rev 22:148–

167  

[2] Selinsky RS, Ding Q, Faber MS, Wright JC, Jin 

S (2013) Quantum dot nanoscale heterostructures 

for solar energy conversion. Chem Soc Rev 

42:2963–2985  

[3] PanL LT, Liu X, Lu T, Zhu G, Sun Z, Sun CQ 

(2012) Metal-free photocatalytic degradation of 4-

chlorophenol in water by mesoporous carbon 

nitride semiconductors. Catal Sci Technol 2:754–

758 

[4] Zhao Z, Liu Z, Miyauchi M (2010) Tailored 

remote photochromic coloration of in situ 

synthesized CdS quantum dot loaded WO3 films. 

Adv Funct Mater 20:4162–4167  

[5] Ezenwa IA, Okereke NA, Egwunyenga NJ 

(2012) Optical properties of chemical bath 

deposited Ag2S thin films. Int J Sci Technol 

2:101–106  

[6] Hwang I, Yong K (2013) Environmentally 

benign and efficient Ag2S-ZnO nanowires as 

photoanodes for solar cells: comparison with CdS-

ZnO nanowires. Chem Phys Chem 14:364–368  

[7] A. Nunez Rodriguez, M.T.S, Nair, P. K. Nair., 

Semicond.Sci. Technol. 20 (2005) 576.  

[8] J.A. Munoz, C. Gomez, A. Ballester, M.L. 

Blazquez, F. Gonzalez, M. Figueroa, J. Appl. 

Electrochem., 1998, 28, 49.  

[9] M.C. Brelle, J.Z. Zhang, J. Chem. Phys., 1998, 

108, 3119.  

[10] Brelle MC, Zhang JZ (1998) Femtosecond 

study of photo-induced electron dynamics in AgI 

and core/shell structural AgI/Ag2S colloidal 

nanoparticles. Chem J Phys 108:3119  

[11] Bruhwiler D, Leigener C, Glaus S, Calzaferri 

G (2002) Luminescent silver sulfide clusters. J 

Phys Chem B 106:3770  

[12] Hull S, Keen DA, Sioia DS, Madden PA, 

Wilson M (2002) The hightemperature superionic 

behaviour of Ag2S. J Phys Conclens Matter 14:19  

[13] Kitova S, Eneva J, Panov A, Haefke H (1994) 

Infrared photography based on vapor-deposited 

silver sulfide thin films. Imaging J Sci Fechnol 

38:484 

[14] Jiang F, Tian Q, Tang M, Chen Z, Yang J, Hu 

J (2011) One-pot synthesis of large–scaled Janus 

Ag-Ag2S nanoparticles and their photocatalytic 

properties. Cryst Eng Comm 13:7189–7193  

http://jespublication.com/


www.jespublication.com Page No:1365 

 

Vol 11, Issue 4 ,April/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

 

[15] Dlala H, Amlouk M, Belgacem S, Girard P, 

Barjon D (1998) Structural and optical properties 

of Ag2S thin films prepared by spray pyrolysis. 

Eurphys j-appl phys 2:13–16  

 [16] Wang DS, Hao CH, Zhong W, Peng Q, Wang 

TH, Liao ZM, Yu DP, Li YD (2008) Ultralong 

single-crystalline Ag2S nanowires: promising 

candidates for photoswitches and room-

temperature oxygen sensors. Adv Mater 20:2628 

[17] A.K. Abass. Solar Energy Materials, 17, 375 

(1988).  

[18] H. Dlala, M. Amlouk, S. Belgacem, P. Girard, 

D. Barjon. The European Physical Journal, B 2, 13 

(1998).  

[19] B. R. Sankapal, R.S. Mane, C.D. Lokhande, 

Materials Chemistry and Physics 63, 226 (2000).  

[20] H.M. Pathan, P.V. Salunkhe, B.R. Sankapal, 

C.D. Lokhande. Materials Chemistry & Physics 72, 

105 (2001).  

[21] A.B. Kulkarni, M.D. Uplane, C.D. Lokhande. 

Materials Chemistry & Physics 41, 75(1995).  

[22] T. Auttasit , W. Kun-Lun , T. Hao-Yu , L. 

MingWay , W. Gou Jen , Electrochem. 

Commun.12, 1158 (2010). 

[23] D. Karashnova, K. Starbva, N. Starbov, 

Journal of Optoelectronics and Advanced 

Materials. 5 (2003) 903.  

[24] F. I. Ezema, P. U. Asagwa, A. B. C. Ekwealor, 

P. E. Ugwoke, R. V. Osuji, Journal of University of 

Chemical Technology and Metallurgy, 42 (2007) 

217. 

[25] G. A. Kitaev, T. P. Bolshchicova, T. A. 

Vstianzeva, Inorg. Matler. 3 (1967) 1080.  

[26] A. J. Varkey Sol. Energy Mater. 21 (1991) 

291.  

[27] C. D. Lokhande, Mater Chenm. Phys. 27 

(1991)1.  

[28] S . S. Dhumure, C. D. Lokhande, Mater Chem. 

Phys. 27 (1991) 321.  

[29] S. S. Dhumure, C. D. Lokhande, Mater Chem. 

Phys. 28 (1991) 141.  

[30] I. Grozdanor, Semi. Cond. Sci. Technol. 9 

(1994) 1234.  

[31] L. Armelao, P. Colombo, M. Fabrizio, S. 

Gross, E. Tondello. Journal of Material Chemistry. 

9 (1999) 2893.  

[32] S. Shukla, S. Seal, S. R. Mishra, Journal of 

Sol. Gen. Science and Technology, 23 (2002) 151.  

[33] H. Meherzi-Maghraoui, M. Dachraoui, S. 

Belgacem, K.D. Buhre, R. Kunst, P. Cowache, D. 

Lincot, Thin Solid Films 288, 217 (1996).  

[34] S.S. Dhume, C.D. Lokhande. Materials 

Chemistry & Physics 27, 321 (1991).  

[35] M. M. El-Nahass, A. A. M. Farag, E. M. 

Ibrahim, S. Abd-El-Rahman. Vacuum 72, 435 

(2004).  

[36] T. Ben Nasrallah, H. Dlala, M. Amlouk, S. 

Belgacem, J.C. Bernède, Synthetic Materials, 151, 

225 (2005).  

[37] D. Karashanova, K. Starbova, N. Starbov,J. 

Optoelectronics & Adv. Mater 5(4), 903 (2003).  

[38] M. Chen, Y. Xie, H.Y. Chen, Z.P. Qiao, Y.T. 

Qian, J. of Colloid Interf. Sci. 237, 47 (2001).  

[39] H. Nozaki, M. Onoda , K. Yukino, K. 

Kurashima, K. Kosuda, H. Maki, S. Hishita, J. Sol. 

State Chem, 177, 1165 (2004).  

[40] P. S. Patil, C. D. Lokhande, S.H. Pawar, 

Bulletin of Electrochemistry 5, 842 (1989).  

[41] V. B. Prabhune, N. S. Shinde, V. J. Fulani, 

Applied Surface Science, 255, 1819 (2008).  

[42] E. Barrera-Calva, M. Ortega-López, A. 

AvilaGarcía, Y. Matsumoto-Kwabara, ThinSolid 

Films, 518, 1835 (2010). 

[43] E. Muhammad Ali, K. Hamid, T. Asif Ali, M. 

Huang Nay, K.G. Upul Wijayantha, M. 

Muhammad, Thin Solid Films 563, 124 (2013).  

[44] C. D. Lokhande, Mater. Chem. Phys. 28 

(1991) 145.  

[45] J. D. Desai, C. D. Lokhande, Indian J. Pure 

and Appl. Phys. 31(1993) 152.  

[46] P. S. Sonawane, P. A. Wani, L. A. Patil, T. 

Seth, Mater. Chem. Phys. 84 (2004)    221.  

[47] L.A. Patil, P.A. Wani, D.P. Amalnerkar, 

Mater. Chem. Phys. 61 (1999) 260. 

[48] K. L. Narayanan, K. P. Vijaykumar, K. G. M. 

Nair, G. V. N. Rao, Bull. Mater. Sci.    20 (3) 

(1997) 287. 

http://jespublication.com/


www.jespublication.com Page No:1366 

 

Vol 11, Issue 4 ,April/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

 

[49] D. S. Boyle, A. Bayer, M. R. Heinrich, O. 

Robbe, B. O. Brein, Thin Solid Films. 361- 362 

(2000) 150. 

[50] L. A. Patil, P. A. Wani, S. R. Sainkar, A. 

Mitra, G.J. Phatak, D. P. Amalnerkar,  Mater. 

Chem. Phys. 55 (1998) 79. 

[51] K. L. Chopda, R. C. Kainthala, D. K. Pandya, 

A. P. Thakoor, Physics of Thin Films. Vol. 12 

(1982), ed G Hass et al (New York: Academic) 

p.201. 

[52] A. Nunez Rodriguez, M.T.S, Nair, P. K. Nair., 

Semicond.Sci. Technol. 20 (2005) 576. 

[53] R. S. Mane, C. D. Lokhande, Mater Chem. 

Phys. 65 (2000) 1.  

[54] C. D. Lokhande, V. V. Bhad, S. S. Dhumure, 

J. Phys. D: Appl. Phys. 25 (1992) 315.  

[55] H. M. Pathan, C. D. Lokhande, Bull. Mater. 

Sci. 27 (2004) 85.  

 

 

 

http://jespublication.com/

