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ABSTRACT 
 
PbHgS ternary thin films were grown on glass 
substrates at 300K by the electroless 
(solution–growth method). The as grown films 
were characterized for elemental composition 
using the energy dispersive X-ray fluorescence 
(EDXRF) and colorimetric methods. The 
optical constants (index of refraction n, 
extinction coefficient k, and absorption 
coefficient α) were determined using the 
absorption (A), the transmission (T), and the 
reflection (R), at normal incidence of light in 
the wavelength range of 200-850nm The film 
has high absorption of about 70% in the UV 
region but very low reflectance throughout the 
entire spectrum. The average index of 
refraction is 2.12 and average extinction 
coefficient of 1.39 x10-2. An index of refraction 
of n > 2.0 makes the material a good 
candidate for protective coatings in agriculture 
and architecture. The plot of (αhν)2 = f (hν) 
showed that the material is a direct bandgap 
material with a bandgap of about 3.70eV. The 
high absorbance of the films made them good 
materials for large area selective coatings for 
photo-thermal conversion of solar energy. 
 

(Keywords: ternary thin film, electroless, optical 
constants, optical bandgap, photovoltaic) 

 
 
INTRODUCTION 
 
Many researchers have deposited ternary alloy 
materials in thin film forms for photovoltaic, 
opto-electronic, and many other device 
applications.  Many other techniques like 
evaporation, spray pyrolysis, sputtering, 
epitaxial, and others have also been 
successfully employed for these purposes [1-
4, 6-9]. The solution growth technique has 
been used to prepare ternary thin films of 
sulphides, selenides, and halides, which are 
very useful for applications in electronics and 
photovoltaics. The solution growth method has 
been used by many researchers to prepare 
various thin films of sulphides, selenides, and 
halides [1-3, 7-9]. Chopra and Das (1983) 

reported the deposition of PbHgS with 
composition 0 < x < 0.33. 
 
The aim of this work is to prepare thin films of 
PbHgS by convenient, conventional, and 
economic solution growth methods, investigate 
their optical properties, compare the results 
with that of other methods in the literature, and 
determine their possible applications in 
photovoltaics, architecture, and agriculture. 
 
 
THEORY AND CALCULATIONS 
 
When a beam of photons is incident on a 
material of thickness x, the intensity is 
expressed by the Lambert-Beer-Bouguer Law 
[3, 4]: 
 
I = Io exp - αx, 
 
where (I) is the intensity of the photons at a 
distance (x) inside the material, (Io) is the 
intensity just inside the front surface, and (α) is 
absorption coefficient. The absorbance (A) of 
the material is obtained directly by 
measurement and is given by [3]: 
 
α = - DI/Io.1/x 
 
The absorption coefficient α is the fractional 
decease in intensity per unit increase in 
distance.  For a unit length, (α) is given by: 
 
α = 1n (1/T) = 1n (1o/1) 
 
The absorption coefficient is related to other 
optical properties as follows [10-13]: 
 
α = 2ωk/c = 4πk/λ, 
 
and  
 
k = αλ/4π, 
 
where (λ) is the wavelength of the photons, (ω) 
is the angular frequency, and (k) is the 
extinction coefficient. 
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The absorption coefficient (α) is computed at 
any given wavelength using the above 
equation [11]. 
 
The optical conductivity σ is related to 
absorption coefficient α by [3, 10-12]: 
 
α = 4π σ /nc 
 
thus the optical conductivity (σ) is: 
 
σ = αnc/4π 
 
The optical conductivity (σ) can easily be 
computed if (α) and (n) are known. 
 
The extinction coefficient (k) is related to 
complex index of refraction by [3]: 
 
nc = n-ik, 
 
where (n) is the real part of the index of 
refraction and (k) is the complex part of the 
index of refraction, also called extinction 
coefficient. 
 
The complex dielectric constant (εc) is given by 
[3, 4]: 
 
εc= (ε1-iε2) = nc

2= (n+ ik)2

 
from which arise,   
 
ε1 = n2-k2   and  
 
ε2 = 2nk 
 
For certain materials (insulators and 
semiconductors) where k2<<n2, the real 
dielectric constant is given by [4]: 
 
ε1 = n2. 
 
By the plot of (n2-1)-1 vs. λ-2, one can also 
obtain the complex dielectric constant from the 
point of intersection of the linear parts with 
ordinate [3]. 
 
At optical frequency (σ) tends to zero and n 
tends to (ε) ½. Close to the absorption edge the 
absorption coefficient (α) is given by [3, 11]: 
 
α = (hν - Eg) γ, 
 
where (hν) is the energy of the photon, (Eg) is 
the bandgap, and (γ) is a constant. The 
constant γ = ½ for all allowed direct photon 
transitions and 3/2 for forbidden direct 

transitions. It is γ = 2 for indirect optical 
transitions and ½ for all allowed indirect 
transition to excitation states.  
 
The plot of α2 against hν was used to obtain 
the bandgap of the material (Figure 1a). The 
linear portion was extrapolated to the point 
where α =0, giving, hν = Eg. Alternatively, the 
bandgap of the material could also be 
obtained through a graphical representation of 
(αhν) = A (hν-Eg)γ (Figure 1b), were A is a 
constant [11]. 
 
 
EXPERIMENTAL METHODS 
 
The starting materials used in the preparation 
of lead mercury sulphide (PbHgS) includes 
lead chloride (PbCl2), mercury chloride 
(HgC12), EDTA, TEA, ammonia (NH3), distilled 
water (H2O) and thiourea ((NH2)2CS). 
 
The lead chloride (PbCl2), was the source of 
the cation (Pb2+); mercury chloride 
(HgCl2H2O), was the source of another cation 
(Hg2+), thiourea ((NH2)2CS), was the source of 
anion (S2-), and EDTA and TEA and were 
used complexing agents to slow down the 
reactions in order to eliminate spontaneous 
precipitation which is not healthy for the 
solution-growth method. NH3 was used to 
provide an alkaline medium needed for the 
maximal growth.  
 
Various molar and volume concentrations of 
the starting chemicals were prepared using 
distilled water and kept in well-labelled bottles 
and flasks as stock solutions. They were 
measured into sets of thoroughly washed 50ml 
breakers and stirred vigorously with a glass 
rod.  
 
The substrate, an optically flat glass, was 
cleaned thoroughly by soaking in aqua-regia 
(a mixture of HCI and HNO3 in 3:1 ratio) for 
about twenty-four hours (24h) to remove any 
grease, washed with detergent, rinsed in 
water, and dried in air.  
 
The substrates were immersed vertically and 
allowed to stand for various dip times. The 
growth parameters such as molar and volume 
concentrations, pH and time were altered in 
order to stabilize and optimize the growth.  
 
After some predetermined time, the substrates 
were removed from the chemical baths, rinsed 
with distilled water, well labelled, and dried in 
air. The reaction is presented as follows: 
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Figure 1a: The Plot of α2 Against hν for 

PbHgS Film Prepared at 300K. 
 

 

  
  

Figure 1b: The Plot of (αhν)2 Against Photon 
Energy for a PbHgS Sample. 

Figure 1b: The Plot of (αhν)
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double beam spectrophotometer (PYE UNICM 
8-100, ∇λ± 0.1nm) in the range 200-800nm. 
The absorbance (A) was directly measured 
while the transmittance (T), reflectance (R), 
and other optical constants (absorption 
coefficient (a), extinction coefficient (k), and 
index of refraction (n) as well as the film 
thickness were obtained by computations [3, 
4]. 
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Figure 2 shows the transmittance-reflectance 
spectra of the as –grown films at 300K. The 
transmittance spectrum showed a maximum 
value of about 75% in wavelength range of 
400-800nm and a minimum of about 20% in 
the wavelength of about 300nm. The 
percentage transmittance is quite high; 
however, the transmittance property 
throughout UV/VIS/NIR makes the film a good  
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is rich in lead with a mole fraction x > 0.5. 
Figure 2 shows the transmittance-reflectance 
spectra of the as –grown films at 300K. The 
transmittance spectrum showed a maximum 
value of about 75% in wavelength range of 
400-800nm and a minimum of about 20% in 
the wavelength of about 300nm. The 
percentage transmittance is quite high; 
however, the transmittance property 
throughout UV/VIS/NIR makes the film a good  
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Table 1: Preparation of Lead 

 
Mercury Sulphide (PbHgS) at 300K. 

PbCl2 HgCl2 TEA NH3 (NH2)2CS H2O Sample  Dip 
PHS Time 

(Hr) Mol. 
(M) 

Vol. 
(ml) 

Mol. 
(M) 

Vol. 
(ml) 

Mol. 
(M) 

Vol. 
(ml) 

Mol. 
(M) 

Vol. 
(ml) 

Mol. 
(M) 

Vol. 
(ml) 

pH Vol. 
(ml) 

1.10 24 0.1 5 0.1 5 0.1 5 0.1 5 1.0 10 10 10 
1.20 24 0.1 5 0.1 5 0.1 5 0.1 5 0.1 10 10 10 
1.30 24 0.1 5 0.1 5 0.1 5 0.1 5 0.1 10 10 10 
1.40 24 0.1 5 0.1 5 0.1 5 0.1 5 0.1 10 10 10 
1.50 24 0.1 5 0.1 5 0.1 5 0.1 5 1.0 10 10 10 

 
 

Figure 2: Transmittance-Reflectance Spectra 
of PbHgS Film Prepared at 300K. 

 
 
material for thermal control window coatings 
for cold climates and antireflection coatings [3]. 
 
The reflectance has a peak of about 20% 
corresponding to a wavelength of 300nm. The 
material is not a good reflector as the 
percentage reflectance is low. The plot of (α)2 
versus hν (Figure 1a) shows that the film has a 
direct optical bandgap of about 3.70eV. The 
plot of (αhν)2 = f(hν) (Figure 1b) shows that 
the film has a direct optical bandgap of about 
3.75eV. The two values are comparably the 
same.  The bandgap suggests that the 
material is a semi-conducting thin film, which 
could serve as a hetero-junction in solar cell.  

Figure 3: Plots of Refractive Index (n) and 
Extinction Coefficient (k) against Photon  

       Energy for PbHgS Film Prepared at 300K. 
 
 
The thickness of the films ranged from 0.11-
085 microns. The mean optical constant of 2.0 
makes the film a good material for protective 
coatings for agriculture and architecture 
(Figure 3).  Figure 4 is the plot of Real 
Dielectric and Imaginary Dielectric Constant r, 
i versus the photon energy. 
 
The real dielectric constant showed a 
maximum with peaks of about 6.5 and 7.0 at 
photon energies of about 4.6eV and 3.8eV 
respectively. The complex dielectric constant 
showed a single peak of 7.0 at photon energy 
of about 4.60ev.   
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Figure 4: Plots of Real Dielectric Constant (r) 
and Imaginary Dielectric Constant (i) against 

Photon Energy for PbHgS Films. 
 
The real dielectric constant showed peak and 
almost constant value of about 6,90 at the 
photon energy of about 3.90eV and then 
decreased exponentially with a decrease in 
photon energy  to almost a constant value of 
4.30.  
 
The complex dielectric constant ε2 has peak at 
abut 0.16 at photon energy of about 3.8eV.  
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(Figure 5) show that the as-grown films are 
micro polycrystalline in nature. 
 
 
CONCLUSION 
 
Solution–grown ternary alloy PbHgS thin films 
were successfully prepared and optimized on 
glass substrates at 300K. Optical studies done 
to obtain the optical properties revealed that 
the film is a semi-conducting thin film with a 
direct bandgap of 3.70eV. The optimum index 
of reflection for the material has low optical 
transparency, with the optimum index of 
reflection (n) of 2.70 and could be used in anti- 
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Figure 5: Optical Micrographs of PbHgS Films 
Prepared at 300K. The magnifications are (a) 

x100 (b) x400 (c) x400 (d) x400 and at 
different light-meter exposures. 
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dazzling, coating of eyeglasses, TVs, and 
computer screens. 
 
The high transmittance property throughout 
UV/VIS/NIR makes the film a good material for 
thermal control window coatings for cold 
climates and antireflection coatings. The index 
of reflection of n > 2.0 makes the material a 
good candidate for protective coatings in 
agriculture and architecture. Optimum index of 
reflection (n) of 2.70 and could  be used in 
anti-dazzling, coating of eyeglasses, TVs, and 
computer screens The high transmittance 
property transmittance property through 
UV/VIS/NIR makes the film a good material for 
thermal control window coatings for cold 
climates and antireflection coatings. The index 
of reflection of n > 2.0 makes the material a 
good candidate for protective coatings in 
agriculture and architecture. 
 
 
REFERENCES 
 
1. Chopra, K.L., R.C. Kainthla, D.K. Pnadya, and 

Okujagu, C.U. and C.E. Okeke. 1997b. “Growt
Characteristics of Chemically Deposited Halide 
Thin Films”. Nig. Journal Renewable Energy. 
5(1&2): 125-130.  

Pankove, J.I. 1971. Optical Processes in 
Semiconductors. Prentice-Hall: New York, NY.  

Soliman, H.S. 1998. “Structural and Optical 
Properties of Thin Films of CuGaS2”. J. Phys. 
D: Appl. Phys. 31:1516-1521. 

Sze, S.M. 1981.  Physics of Semiconductor 

Academic Press: New York, NY. 169-235. 

. Chopra, K.L. and S.R. Das. 1983. Thin Film 
ar Cells. Plenum Press: New York, NY

 
3. Ezekoye, B.A. 2001. “Solution Growth and 

Characterization of Some Multi-Component 
Alloy Thin Films for Industrial and Solar Energy 
Applications”. Ph.D. Thesis. University of 
Nigeria: Nsukka (Unpub). 

 
. Eze4

“Characterization of Bismith Fluride (BiF3) Thin 
Films Prepared by Solution Growth Technique 
and its Applications”. Nig. Journal of Phys. 

 
5. Jenkins, F.A. and H.E. White. 1976. 

Fundamentals of Optics (4th ed.). McGraw-Hill 
Inc.: London, UK.  

 
6. Ndukwe, I.C. 1976. “The Growth and 

Characterization of Thin Films B

(Unpub). 
 
7. Okujagu, C.U. 1992. “Growth and 

Characterization of Thin Films Selective 
Surfaces and Their Applications”.  Ph.D. 
Thesis. University of Nigeria, Nsukka (Unpub). 

 
8. Okujagu, C.U. and C.E. Okeke. 1997a. “Effect 

of Materials Properties on the Transmission of 
Selective Transmitting Thin Films. Nig. Journal 
of Phys. 9: 59-66. 

 

y & S

Wooten, F. 1972.  Optical Properties of Solids
Academic Press: New York, NY. 24-28, 80-82

OUT THE AUTHORS 

B.A. Ezekoye, Ph.D., MSESN, MNIP, is
faculty member of Faculty of Physical

ces of the Solid State, Material Scienc
& Solar Energy Division, Department of 
Physics and Astronomy, University of Nigeria,
Nsukka, Enugu State, Nigeria. He curre

a
urre

primarily in the thin film physics (growth
characterizations), nanotechnology, and

photovoltaics. 

C.E. Okeke, Ph.D., MSESN, FNIP, FAS, is a
Professor of Experimental Solid State Physics
member Solar Energy Society of Nige
Fellows Nigerian Institute of Physics an
Fellow Nigerian Academy Sciences. He is 

ntly the President of the Solar Energy
Solar Society of Nigeria and a member of the

demic staff of the Department of Physics 

University of Nigeria, Nsukka. His researc
sts include crystal growth and

racterizations, photovoltaics, and biogas 
energy conversions. 

SUGGESTED CITATION  

Ezekoye, B.A. and C.E. Okeke. 2006.  “Optical
Properties in PbHgS Ternary Thin Films 
Deposited by Solution Growth Method”. Paci
J
113. 
 
 

Pacific Journal of Science and Technology


	Optical Properties in PbHgS Ternary Thin Films Deposited by 
	Solution Growth Method
	Figure 1a: The Plot of (2 Against h( for PbHgS Film Prepared at 300K.
	Figure 1b: The Plot of ((h()2 Against Photon Energy for a PbHgS Sample.
	Table 1: Preparation of Lead Mercury Sulphide (PbHgS) at 300K.
	Figure 3: Plots of Refractive Index (n) and Extinction Coefficient (k) against Photon 
	       Energy for PbHgS Film Prepared at 300K.
	ABOUT THE AUTHORS


