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ABSTRACT 
Mercury sulfide (HgS) Nano crystalline thin layers have been grown onto amorphous glass 

substrate by chemical bath deposition (CBD) method at 70 °C temperature at different deposition 

runs. The optimized preparative parameters including ion concentration and pH of the solution 

are used for fine Nano crystalline layer growth. Optical properties of Nano layers were studied 

by spectrophotometer analysis in VIS wavelength range. Natural optical properties were obtained 

by applying Kramers-Kronig relations on reflectivity curves. The optical band gap (Eg), was 

evaluated from VIS absorption spectra and found to have a mean value of 2 eV. Changing 

deposition runs affect on all optical properties.  
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INTRODUCTION 

HgS exist in two forms in nature that, namely 

α-HgS (red in color) and β-HgS (black in 

color) [1]. The α-HgS has a band gap, Eg = 

2.3 eV and exhibited trigonal structures with 

a lattice constant a = 4.149 Å and c = 9.495 

Å, whereas β-HgS has a band gap Eg =−0.5 

eV with a cubic structure having a lattice 

constant a =5.851 Å. Out of the two phases 

of HgS, β-HgS shows interesting properties. 

Thin layers of mercury (II ) sulfide have been 

prepared by evaporation[2] and sputtering[4] 

methods. They are useful in ultrasonic 

transducers, image sensors [5], electrostatic 

imaging materials [6], and photoelectric 

conversion devices. There are many different 

methods for determining the optical constants 
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of materials. Optical constants determined in 

such calculations are significantly different in 

various works and, in addition, differ 

essentially from the corresponding optical 

constants of massive metals by their values. 

In this work we used Kramers-Kronig 

relations applying on reflectivity curve to 

calculate natural optical properties of 

Mercury sulfide thin layers.  

Experimental details 

Mercury sulfide layers were produced by 

chemical bath deposited on glass substrates. 

Prior to deposition, the platelets (50mm * 

25mm * 1mm) were cleaned with acetone 

and then alcohol and dried. The details of the 

procedure are: appropriate amounts of 

mercury chloride solution and  were 

separately prepared. Formed mixture is 

thoroughly stirring for several minutes in 

order to dissolve the formed precipitate and 

solution to become homogeneous. Then in 

obtaining solution was added distilled water. 

These solutions were mixed in a beaker and 

stirred well for a few minutes. The deposition 

bath was continuously stirred and heated at 

70ºC for 1 hour.  The substrates were 

immersed into the deposition bath, by 

vertically suspending them around the stirrer. 

The substrates were taken out after 1, 2 and 3 

times run deposition. Deposition parameters 

were: [mercury chloride] = 0.05M; 

[ ] = 0.01 M; pH = 2-3; All samples 

were annealed in air, at 250ºC for half an 

hour. The optical constants of our samples 

were derived on the basis of standard 

Kramers–Kronig relations using computer 

techniques.  

Table I: Details of produced HgS layers by CBD method. 
Total deposition time Number of depositions Sample name 

1h 1 1D 
2h 2 2D 
3h 3 3D 

RESULTS AND DISCUSSION  

In this work Kramers-Kronig relations were used to calculate the phase angle θ (E) [7]: 
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Where E denotes the photon energy, E2 the 

asymptotic limitation of the free-electron 

energy, and R(E) the reflectance. Hence, if 

E2 is known, the θ (E) can be calculated. 

Then the real and imaginary parts of the 

refractive index were calculated, from which 
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other parameters were obtained. Figure 1 

show reflectance curves for mercury sulfide 

layers produced by chemical bath deposition 

method in different run deposition, in this 

work. The spectra’s are obtained in visible 

light wavelength range (400-800 nm). As it 

can be seen, for 400 nm up to 540 nm 

wavelengths that belong to violet, blue, green 

and yellow colors, curves are the same and in 

straight lines also reflectance is very high , 

that means mercury sulfide is offended layer 

in this range, oblique and almost same 

reflectance observe for 540 nm to 610 nm 

wavelength range. Orange color belongs to 

this region. After 600 nm, curves have been 

separated (red and infrared). In this range of 

hot colors as red and infrared, by increase the 

round of deposition, reflectance increases 

that is because of configuration of more 

complete layers by each round of deposition.  

Figure 2 show real part of reflective index for 

mercury sulfide layers produced in this work. 

Real part of refractive index begin from a 

maximum and as a waterfall reaches to a 

minimum and continue in a straight line for 

all layers. As it can be seen, by increasing the 

round of deposition, n has an increasing trend 

that is because of formation completed and 

dense layers by increasing the round of 

deposition. The result of real part of 

refractive index is in agreement with 

reflection curves. 

In figure 3 we depict the imaginary part of 

refractive index (k). These curves are exact 

agreement with transmittance curves. In the 

violet, blue, green and yellow wavelength 

region, extinction coefficient is high and in 

orange, red and infrared wavelength region, 

there is a low k for mercury sulfide layers 

and the value is almost the same. By 

increasing the round of deposition in the 

range of 400nm-600nm, transmittance of 

layers decreases, therefor absorbance 

increases. 

Figures 4 and 5 show the real part (σ1) and 

imaginary part (σ2) of optical conductivity 

for layers produced in this work, 

respectively. By increasing the round 

deposition, real part of conductivity 

decreases and imaginary part of conductivity 

increases. There is a high conductivity for 

violet, blue, green and yellow colors and low 

conductivity for orange, red and infrared 

colors. 

We depict the natural optical band gap in 

figure 6. By increasing the round of 

deposition, the present of Hg atoms decreases 

and the present of HgS molecules increases, 

there for dielectric property increases and 

value of band gap also increases. The value 
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of bang gap calculated 1.6 eV, 1.7 eV and 1.9 

eV for samples 1, 2 and 3 respectively. 

 

 
Figure 1: The reflectance of Mercury sulfide layers produced by CBD method at different run depositions. 

 

 
Figure 2: The real part of refractive index of Mercury sulfide layers produced by CBD method at different run 

depositions. 
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Figure 3: The imaginary part of refractive index of Mercury sulfide layers produced by CBD method at different run 

depositions. 
 

 

 
Figure 4: The real part of conductivity index of Mercury sulfide layers produced by CBD method at different run 

depositions. 
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Figure 5: The imaginary part of conductivity index of Mercury sulfide  layers produced by CBD method at different run 

depositions. 

 
Figure 6: The values of band gap energy of Mercury sulfide layers produced by CBD method at different run depositions. 
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CONCLUSION 

Thin layers of Mercury sulfide have been 

prepared by chemical bath deposition 

technique at different run depositions. The 

layers were grown on glass substrates. The 

deposition was performed in alkaline media 

at 70 °C and pH fixed on 2-3 constant value. 

Optical properties of Nano layers were 

studied by spectrophotometer analysis in VIS 

wavelength range. Natural optical properties 

were obtained by applying Kramers-Kronig 

relations on reflectivity curves. By increasing 

deposition runs, Reflectivity, k, and б1 

decreases and n, б2 and band gap increases. 

The optical band gap (Eg) , was evaluated 

from VIS absorption spectra and found to 

have a mean value of 2 eV. Changing 

deposition runs affect on all optical 

properties.  
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