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Abstract 
Chemical bath deposited Copper Silver Sulphide (CuAg2S2) thin films on 
glass substrates were studied for its optical properties using 
spectrophotometer. Some of the optical properties studied include 
absorbance, transmittance, reflectance, refractive index, optical 
conductivity, absorption coefficient, dielectric constant and extinction 
coefficient. The direct band gap obtained is 2.3eV and the indirect band 
gap is 1.1eV. Some of the possible applications of the film are 
mentioned. 
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INTRODUCTION 
Interest on the preparation and study of physical properties of ternary 
chalcogenide compounds for their possible applications in solar cells light 
emitting diodes and non-linear optical devices [Ortega-Iopez et al. 2003] has 
been increasing in the recent years. 
Ternary compounds are found to be promising materials for optoelectronic device 
applications such as green emitting devices and are suggested to be possible 
material for window layer of solar cells [Woon-Jo and Gye-choon 2003]. Some of 
them have been investigated for specific applications to super ionic conducting 
materials [Sasaki et al. 2003]. These ternary compounds are increasingly being 
studied for efficient solar energy conversion through photo-electrochemical solar 
cells [Padam and Rao 1986, Estrella Veronica et al. 2003], and have become 
potential candidates for such applications [Pawar et al. 1986, Jae-Hyeong et al. 
2003]. Although, the deposition of ternary thin films have been reported using 
advanced technologies, the low cost and simple solution growth technique 
seems to be much better [Padam and Rao 1986]. 
This paper reports the investigation of optical properties of copper silver sulphide 
thin film, which was deposited using solution growth technique. The optical 
properties investigated include absorbance (A), transmittance (T) and reflectance 
(R), which were then used to calculate other parameters such as refractive index 
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(n), extinction coefficient (k), dielectric constant (ε) and optical conductivity (σo). 
The determination of these optical properties and the band-gap energy of these 
films was based on equations found in the literature [Pankove 1971, Ezema and 
Okeke 2003]. 
 
 

THEORY 
For a weakly absorbing thin film on a non- absorbing substrate, the transmittance 
(T) can be expressed as [Theye 1985] 

T = (1-R2) exp (- α t)      (1) 
Or  t = (1/α) In {(1- R2)/ T}      (2) 
where R is the reflectance, α is absorption coefficient and t is thickness of the 
film. Eq. (2) can be used to calculate the thickness of films where the absorbance 
(A) is in the range of 0.1 ≤ A ≤ 0.9 [Pentia et al. 2004, Salam 2002, Majumdar et 
al. 2003, Quijada et al. 1998, Ramesh et al. 2003, Shwarsctein et al. 2006] for 
semiconductors and insulators, where the extinction coefficient (k) and refractive 
index (n) are related as k2 « n2, the relationship between R and n is given by 
[Ezema 2004, Rodrigo et al. 2002], 

R = (n - 1)2/(n + 1)2       (3) 
also, k and α are related by 

k = αλ/4n        (4) 
where λ is the wavelength of the electromagnetic radiation. The relationship 
between dielectric constant (ε) and k is  

ε = εr + εi = (n + ik }2       (5) 
where εr and εi are real and imaginary parts of E respectively. The optical 
conductivity (σo) is expressed as given by [Quijada et al. 1998]  

σo = αnc/4n       (6) 
where c is the velocity of light. In high absorption region under photon energy, 
the relation between absorption coefficient and photon energy is [Chen et al. 
2003, Mitsuaki et al. 2003]  

α h f = A (α h f - Eg)n ……. for direct transitions   (7) 
where f is the frequency of incident photon, h is Planck's constant, A is constant 
that characterizes crystalline semiconductor and B is constant that characterizes 
many amorphous semiconductors, Eg is optical energy gap and n is number 
which characterizes the optical processes (n =1/2 for direct allowed transition, 3/2 
for forbidden direct allowed transition and 2 for indirect allowed transition). When 
the straight portion of the plot of (α h f)n against (h f) is extrapolated to α2 = 0, the 
intercept gives value of the transition band gap. 
 
 

MATERIALS AND METHODS 
The chemical deposition of the thin film onto the glass substrate was carried out 
by using a mixture of 1m copper chloride, 0.1m Ethylenediaminetelraacetate 
(EDTA), 0.1m silver nitrate 7.4m Triethanolamine (TEA), 14m ammonia, 1m 
Thiourea, distilled water microscopic glass slide and beaker. 
The chemical bath deposition technique was used to prepare the CUAg2S2 thin 
film on glass substrate (slide) which had been previously degreased in 
concentrated nitric acid HNO3 for 48hours, cleaned in cold water with detergent, 
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rinsed with distilled water and dried in air. The degreased-cleaned surface 
provide nucleation centre for growth of the film, hence yielding highly adhesive 
and uniformly deposited films. 
The mixture was thoroughly stirred with a glass rod before the glass slide was 
vertically introduced into the beaker. 
During deposition, cations and anions in the deposition solution reacted to 
become neutral atoms, which either precipitated spontaneously or vary slowly. 
Fast precipitation implied that thin films could not form on the substrate immersed 
in the solution. However, with the addition of TEA and EDTA, the reaction slowed 
down for thin film of neutral atom to be formed on the substrate. The complexing 
agents slowed down the precipitation action for formation of CuAg2S2, while the 
NH3 solution served to stabilize PH of the mixture. Sulphide ions were released 
by hydrolysis of thiourea, but Cu and Ag ions formed cuprous-ethylenedia 
metetraacetic complex and silver triethanolamine complex ions by combining 
with EDTA and TEA, respectively. [Cu (EDTA and [Ag (TEA)] complexes 
adsorbed onto the glass substrate when heterogeneous nucleation and growth 
took place by ionic exchange reaction of S2- ions. By the process of ion-by-ion 
exchange, CuAg2S2 was deposited on the glass substrate in the form of 
transparent, uniform and adherent film. 
The thin film was characterized using UNICO UV-2102 PC spectrophotometer to 
determine the spectra absorbance and Transmittance of the film on the glass 
substrate with blank substrate is a reference glass slide. Eq. (2) was used to 
estimate the film thickness. The other parameters such as refractive index, 
extinction coefficient, dielectric constant, optical conductivity and energy band 
gap were determined using Eqs. (3)-(7). The energy band gap was obtained by 
plotting (αhf)2 against hf according to Eq. (7) and extrapolated upto (αhf)2 =0. 
Equations of reaction are as follows: 

CuCI2.2H2O + EDTA  ===  [Cu (EDTA)] 2+ + 2CI- 
[Cu (EDTA)]2+    ===  Cu2+ + EDTA 
AgNO3 + TEA   ===  [Ag (TEA)+ + NO3 
[Ag (TEA)+   ===  Ag+ + TEA 
(NH2)2 CS + OH-  ===  CH2 N2 + H2O + HS-  
HS- + OH-   ===  H2O + S2-

Cu2+ + 2Ag+ + 2S2-  ===  Cu Ag2 S2
 
 

RESULT AND DISCUSSION 
The optical and solid state properties of copper- silver-sulphide studied include 
the following: the graph of spectral absorbance against wavelength as presented 
in Fig.1, increased sharply to a maximum value of 0.82 at 300nm from a value of 
0.04 at 200nm and then decreased sharply to a minimum value of 0.21 at 650nm 
and thereafter increased with wavelength. The transmittance against wavelength 
in Fig.2 shows an increase to a maximum value of 61% at 660nm from a value of 
about 29% at 380nm and thereafter decreased rather sharply with wavelength. 
The graph of reflectance against wavelength presented in Fig.3 increased to a 
maximum value of 21% at 480nm from a value of 17.5% at 360nm, it then 
decreased to a minimum value of 17.5% at 680nm and thereafter increased 
steadily with wavelength. The absorption coefficient against photon energy is 
presented in Fig. 4. It decreased sharply from 0.8 x106 at 1.2eV to a minimum 
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value of 0.5 x106 at 1.9eV. Thereafter, it increased sharply with photon energy to 
a value of about 1.28 x106 at 3.3eV. The refractive index against photon energy 
is presented in Fig. 5. It decreased to a minimum value of about 2.04 at 1.9eV 
from a value of 2.28 at 1.2eV. Thereafter, it increased sharply to a maximum 
value of 2.28 at 2.6eV before falling sharply to about 1.94 at 3.3eV. The graph of 
optical conductivity against photon energy is presented in Fig. 6. It decreased 
sharply to a minimum value of 0.24 X1014 S-1 at 1.9eV from a value of about 0.43 
X1014 S-1 at 1.2eV and thereafter, increased sharply with photon energy to about 
0.6 X1014 S-1 at 3.3eV. The extinction coefficient against photon energy is 
presented in Fig. 7. It dropped sharply to a minimum value of about 25 x10-3 at 
2.0eV from a value of about 64 x10-3 at 1.4eV before it increased rather steadily 
with photon energy to a value of about 39 x10-3 at 3.2eV. The direct band gap 
was extrapolated at (α h f)2 = 0 to be 2.3eV as shown in Fig. 8 and that of the 
indirect band gap is extrapolated at (α hf)1/2 = 0 giving the value of 1.1 eV as 
presented in Fig. 9. The graph of real part of the dielectric constant is presented 
in Fig. 10. lt decreased to a minimum value of about 4.2 at 1.9eV from a value of 
about 5.2 at 1.2eV. Thereafter, it increased steadily to a maximum value of 5.2 at 
2.6eV before decreasing to about 3.8 at 3.3eV. The graph of imaginary part of 
the dielectric constant is presented in Fig. 11. It decreased sharply to a minimum 
value of 100 x10-3 at 2.0eV from a value of 290x10-3 at 1.2eV. Thereafter, it 
increased to a maximum value of 160 x10-3 at 2.8eV before decreasing with 
photon energy. It was observed that absorbance heavy in the UV-region and 
poor in the VIS-NIR-regions, the transmittance was less in UV-region and more 
in VIS-NIR regions and reflectance is in the UV-region and more in the VIS-NIR-
region. These properties make the material good for thermal control coatings for 
cold climates, antireflection coatings and solar cell materials. Generally the films 
could find applications in agricultural, architectural, car and electronics industries. 
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Fig.1: Absorbance Vs wavelength plot, Fig. 2: %Transmittance Vs wavelength plot for CuAg2S2 films. 
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Fig. 3: %Reflectance Vs wavelength plot                        Fig. 4: Absorption Coefficient (α) Vs Photon  
            for CuAg2S2 thin film.               Energy plot for CuAg2S2 thin film. 
 

    

Fig. 6 
Fig. 5 

O
pt

ic
al

 C
on

du
ct

iv
ity

, σ
o (

x 
10

14
 S

-1
) 

Fig. 5: Refractive Index Vs Photon Energy plot               Fig. 6: Optical Conductivity (σο) Vs Photon  
            for CuAg2S2 thin film.               Energy plot for CuAg2S2 thin film. 
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Fig. 7 Fig. 8 

Fig. 7: Extinction Coefficient (k) Vs Photon Energy         Fig. 8: The (α h ν)2 Vs Photon Energy (h ν) 
            plot for CuAg2S2 thin film.          plot for CuAg2S2 thin film. 
 

  

 Fig. 9 Fig. 10 

Fig. 9: The (α h ν)1/2 Vs Photon Energy (h ν)             Fig. 10: Real Dielectric Constant (εr) Vs Photon  
            plot for CuAg2S2 thin film.                     Energy (h ν) plot for CuAg2S2 thin film. 
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Fig. 11: Imaginary Dielectric Constant (εi) Vs Photon Energy plot for CuAg2S2 thin film. 

 

 
Plate 1 is the photomicrograph of CuAg2S2 showing the crystalline nature of the film. 

 
In summary, we have demonstrated the possibility of depositing ternary films 
using solution growth techniques (SGT) and have successfully characterized the 
film. The possible applications of the film have been highlighted.  



 
 
 
 
 

 
 

C. C. Uhuegbu, E. B. Babatunde and C. O. Oluwafemi   270 

References 
Blatt, F.J. (1968) "Physics of Electronic Conduction in Solids", McGraw-Hill Book 
Co. Ltd., New York, 335-350. 

Chen, J., Shen, W.Z., Chen, N.B., Qin, D.J. and Wu, H.Z. (2003) "The study of 
composition non-uniformity in ternary MgxZn1-xO thin fims", J. Phys. Condens. 
Matter, 15, 475-482. 

Ezema, F.I. (2004) "Effects of some parametric variations on the optical 
properties of chemical bath deposited BiClo thin films", J. Univ. Chem. Technol. 
Metall., 39 (2), 225. 

Ezema, F.I. (2004) "Optical properties of chemical bath deposited FeCdS3 thin 
films", Academic Open Internet Journal;  
http://www.acadjournal.com/2004/vii/part2/p1/index.htm 

Ezema, F.I. and Okeke, C.E. (2003) "Chemical bath deposition of bismuth oxide 
(BiO3) thin film and its applications", Greenwich J. Sci. Technol., 3(2), 90-109. 

Ezema, F.I. and Asogwa, P.U. (2004) "Preparation and optical properties of 
chemical bath deposit beryllium chloride (BeCl2) thin films", Pacific Journal of Scl. 
and Technol. Vol. 5(1), 26- 32. 

Elliot, S.R. (1984) "Physics of Amorphous Materials", Longman, London, 255. 

Estrella, Veronica, M., Nair, T.S. and Nair, P.K. (2003) "Semiconducting Cu3BiS3 
thin films formed by the solid state reaction of CuS and bismuth thin films", 
Semicond. Sci. Technol., 18, 190-194. 

Jae-Hyeong, L., Woo-Chang, S., Jun-Sin, V. and Yeong-sik, Y. (2003) 
"Characteristics of the CdZnS thin film doped by thermal diffusion of vacuum 
evaporated indium films", Sol. Energ. Mater. Sol. Cells, 75(1-2), 227- 234. 

Majumdar, A., Xu, H.Z., Zhao, F., Jayasinghe, l., Khosravani, S., lu, X., Kelkar, 
V., Shi, Z. (2003) "Band gap energies and refractive indices of Pb1-xSrxSe”, 
Mater. Res. Soc. Symp. Proc., vol. 770. 

Mitsuaki, Y., Ogata, K.-I., Van, F., Koike, K., Sasa, S. and Inoue, M. (2003) "ZnO 
and ZnMgO growth by molecular beam epitaxy", Mater. Res. Soc. Symp. Proc., 
774, 1-12. 

Ndukwe, I.C. (1996) "Solution growth characterization and applications of zinc 
sulphide thin films", Sol. Ener. Mater. Sol. Cells, 40, 123. 

Ortega-Lopez, Vigil Galan, M.O., Cruz-Gandarilla, F., Solorza-feria, O. (2003) 
"Preparation of AglnS2 Chalcopyrite thin films by chemical spray pyrolysis", 
Mater. Res. Bull., 38, 55-61. 

Padam, G.K. and Rao, S.U.M. (1986) "Preparation and characterization of 
chemically deposited CulnS2 thin films", Sol. Ener. Mater., 13, 297-305. 

Pankove, J.I. (1971) "Optical Processes in Semiconductors", Prentice-Hall, New 
York, 88. 

Pawar, S.H., Tamhankar, S.P. and Lokhande, C.D. (1986) "Studies on 
electrochemical photovoltaic cells formed with thin film Bi2CdS4 photoelectrode", 
Sol. Ener. Mater., 14, 71-77. 



 
 
 
 
 
 
 

SOLID STATE PROPERTIES OF SOLUTION GROWN CuAg2S2 THIN FILMS  271

Pentia, E., Draghici, V., Sarau, G., Mereu, B., Pintillie, L., Sava, F. and Popeseu, 
M. (2004) “Structural electrical and photoelectrical properties of CdxPb1-xS thin 
films prepared by chemical bath deposition", J. Electrochem. Soc., 151(1), 729-
733. 

Quijada, M., Ceme, J., Simpson, J.R., Drew, H.D., Ahn, K.H., Millis, A.J., 
Shreekala, R., Ramesh, R., Rajeswari, M. and Venkatesan, T. (1998) "Optical 
conductivity of manganites crossover from Jahn-Teller small polaron to coherent 
transport in the ferromagnetic state", Phys. Rev., B 58 (24), 99-102. 

Ramesh, D., Gessert, T., Zhou, J., Asher, S., Pankow, J. and Moutinho, H. 
(2003) "Investigation of CdZnTe for thin film tandem solar applications", Mater. 
Res. Soc. Symp. Proc., 763, 1-6. 

Rodrigo, D.R., Basaure, D., Schrebler, R., Gomez, H. and Cordova, R. (2002) 
"Anodic electrosynthesis of a thin film of Cu2S on a gold electrode: A voltametric 
nanoelectrogravimetric and I/t transient study", Phys. Chem., B 106(49), 12684-
12692. 

Salem, A.M. (2002) "Structure refractive index dispersion and the optical 
absorption edge of chemically deposited ZnxCd1-xS thin films", Appl. Phys., A 74, 
205-211. 

Sasaki, T., Takizawa, H., Takeda, T. and Endo, T. (2003) "High pressure 
synthesis of a new calcium thioborate CaB2S4", Mater. Res. Bull., 38, 33-39. 

Shwarsctein, A.K., Jaramillo, T.F., Baeck, S.-H., Sushchikh, M. and McFarland, 
E.W. (2006) "Low-voltage electrodeposition of fullerd thin films from aqueous 
solution", J. Electrochem. Soc., 153(7), 483-487. 

Theye, M. (1985) "Thin Film Technology and Applications in Optical Properties of 
Thin Films", In: K.L. Chopra and L.X. Malhota (Eds.), Tata McGraw-Hill, New 
Delhi, 163. 

Tsidilkovski, I.M. (1982) "Band Structure of Semiconductors", Pergamon Press, 
Oxford. 

Woon-Jo, J. and Cye-Choon, P. (2003) "Structural and electrical properties of 
CuGaS2 thin films by electron beam evaporation", Sol. Energ. Mater. Sol. Cells, 
75, 93-100. 

 


