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Optical properties of GaS0.25Se0.75 single crystals were investigated by means of temperature-dependent transmission and 
room temperature reflection experiments. Derivative spectrophotometry analysis showed that indirect band gap energies of 
the crystal increase from 2.13 to 2.26 eV as temperature is decreased from 300 to 10 K. Temperature dependence of band 
gap energy was fitted under the light of theoretical expression. The band gap energy change with temperature and absolute 
zero value of the band gap energy were found from the analyses. The Wemple-DiDomenico single effective oscillator model 
and Sellmeier oscillator model were applied to the spectral dependence of room temperature refractive index to find optical 
parameters of the GaS0.25Se0.75 crystal. Chemical composition of the crystal was determined using the energy dispersive 
spectral measurements. 
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1. Introduction 
 

A
III

B
VI

 type semiconducting materials, GaSe and GaS, 

have been attractive compounds due to their beneficial 

properties to be used in optoelectronic applications. The 

potential usability of these compounds in optoelectronic 

devices operating in red and blue visible regions takes the 

attention of researchers studying on related areas [1-3]. The 

investigations of these crystals indicated that GaSe is 

favorable material used in different applications such as 

nonlinear optical [4], far-infrared conversion [5], second 

harmonic generation [6], middle infrared [7], terahertz 

generation [8] and heterostructure devices [9] whereas GaS 

interests for near blue light emitting devices [10]. A recent 

work also revealed the potential usability of GaSe/GaS as 

ultrathin layer transistors [11].  

GaSe and GaS crystals form GaSxSe1-x (0 ≤ x ≤ 1) 

mixed crystals having distinctive optical and electrical 

properties in comparison to the end compounds. Under the 

light of technological importance of GaSe and GaS crystals, 

GaSxSe1-x mixed crystals can be thought as potential 

candidates for fabrication of long-pass filter, light emitting 

devices and optical detecting systems. Previously, optical 

properties of GaSxSe1-x and its constituents GaSe and GaS 

were investigated in many studies. Optical characterization 

techniques performed on GaSe and GaS resulted in indirect 

band gap energies of 1.988 and 2.55 eV, respectively [12, 

13]. The variation of band gap energy with composition 

was investigated for GaSxSe1-x mixed crystals (0 ≤ x ≤ 0.5) 

using transmission and piezoreflectance measurements [13]. 

It was revealed that band gap energies of the mixed crystals 

increases from 1.99 eV (x = 0) to 2.37 eV (x = 0.5). Real 

defect structure, physical properties and optical quality of 

GaSxSe1-x crystals were presented using transmittance 

electron microscopy, reflection, high energy electron 

diffraction and selected area electron diffraction [14, 15]. 

GaSxSe1-x crystals were also investigated using 

ellipsometry measurements in the composition range of               

0 ≤ x ≤ 1 [16]. The interband transition energies and their 

change with composition were also reported in the relevant 

paper. Four interband transition structures were obtained in 

crystals corresponding to x = 0.3 which is the most similar 

one through the studied crystals to GaS0.25Se0.75 which is the 

interest of the present work. 

The present paper is aimed at the investigation of the 

optical parameters of GaS0.25Se0.75 (x = 0.25) crystals, one 

of the members of GaSxSe1-x mixed crystals, using 

temperature-dependent transmission and room temperature 

reflection experiments. The band gap energy, refractive 

index spectra, absolute zero value of the band gap energy, 

rate of change of band gap energy with temperature are 

some of the revealed optical properties in the present study. 

Furthermore, Wemple-DiDomenico single effective 

oscillator model and Sellmeier oscillator model were used 

to expand optical researches on the studied crystal and 

obtain oscillator energy and strength, dispersion energy, 

zero frequency dielectric constant and refractive index. 

 
 
2. Experimental details 
 

GaS0.25Se0.75 polycrystals were synthesized using 

high-purity elements (at least 99.999%) prepared in 

stoichiometric proportions. Single crystals were grown by 

the Bridgman method in evacuated (10
–5

 Torr) silica tubes 

(10 mm in diameter and about 25 cm in length) with a tip at 

the bottom in our crystal growth laboratory. The ampoule 

was moved in a vertical furnace through a thermal gradient 
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of 30 °C/cm, between the temperatures 1000 and 650 °C at 

a rate of 0.5 mm/h. The resulting ingots were easily cleaved 

along the planes that are perpendicular to the c-axis of the 

crystal. The determination of the chemical composition of 

the crystal was performed using the energy dispersive 

spectral (EDS) analysis experiments. The experiments were 

performed using JSM-6400 scanning electron microscope. 

Transmission and reflection measurements were 

carried out in the 4001000 nm spectral range using 

Shimadzu UV 1201 model spectrophotometer with 

resolution of 5 nm, which is equipped by a 20 W halogen 

lamp, a holographic grating and a silicon photodiode. 

Transmission measurements were performed under normal 

incidence of light with a polarization direction along the 

(001) plane. This plane is perpendicular to the c-axis of the 

crystal. For the reflection experiments, a specular 

reflectance measurement attachment with a 5
o
 incident 

angle was used. Temperature-dependent transmission 

measurements were performed in the 10300 K range using 

Advanced Research Systems, Model CSW-202 closed 

cycle helium cryostat to cool the sample. The accuracy of 

the cooling system was 0.5 K. Reflection experiments were 

only accomplished at room temperature since technical 

problems related to usage of cryostat did not allow us to 

perform the experiments at low temperatures. 

 
 
3. Results and discussion 
 

Fig. 1 shows the EDS spectra of GaS0.25Se0.75 crystal, 

as recorded to determine the chemical composition of the 

samples. The characteristics emission energies for Ga, S 

and Se elements are (1.098, 1.125, 1.144, 1.171 and 9.241 

keV), (0.163, 0.164, 2.307, 2.464 and 2.470 keV) and 

(1.379, 1.419, 1.434 and 1.475 keV), respectively [17]. 

EDS analyses resulted in atomic composition of (Ga : Se : 

S) as (50.4 : 12.2 : 37.4). This compositional relation is well 

matched with nominal composition of x = 0.25. 

The temperature dependence of transmittance (T) and 

room temperature reflectance (R) spectra are presented in 

Fig. 2. The plotted figures in the present work are 

concentrated on the region in which analyses were done and 

absorption takes place although the measurements were 

performed in the 400-1000 nm spectral range. The room 

temperature reflection measurements were carried out 

using samples with natural cleavage planes and thickness 

(d) such that αd >> 1 where α symbolizes the absorption 

coefficient. Thickness of the used crystal for transmission 

experiments was calculated using [18] 
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where λ1 and λ2 are wavelengths of maximum intensity 

positions of two neighboring transmission interference 

fringes in the transmittance spectra. The thickness of the 

thin samples was calculated using Eq. (1) nearly as 18 µm. 

In the literature, there are different analytic techniques used 

to find the band gap energy from transmittance and 

reflectance spectra. Derivative spectrophotometry is one of 

these techniques using the maxima and minima positions of 

the derivative curve to determine the band gap energy [19].  
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Fig. 1. Energy dispersive spectroscopic analysis of  

GaS0.25Se0.75 mixed crystals 
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Fig. 2. The spectral dependences of the (a) transmittance 

and the reflectance at room temperature (b) transmittance 

at different temperatures of GaS0.25Se0.75 mixed crystals 
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Fig. 3 and its inset show the first derivatives of 

temperature dependent transmittance and room temperature 

reflectance spectra, respectively. The spectra of dT/dλ and 

dR/dλ at room temperature exhibit peaks at energies of 2.13 

and 2.14 eV, respectively, corresponding to band gap 

energies of the GaS0.25Se0.75 crystal. The 

temperature-dependent spectra of dT/dλ results in band gap 

energies increasing from 2.13 to 2.27 eV as the temperature 

decreases from 300 to 10 K (see Fig. 4). The band gap 

energy variation with composition in GaSxSe1-x mixed 

crystals was fitted by the expression of E(x) = E(0) + bx 

+cx
2
 [13]. According to the fitting parameters, the band gap 

energy of GaS0.25Se0.75 crystal was estimated as 2.16 eV 

which shows a good agreement with our revealed value of 

2.13 eV. The derivative analysis of the absorption 

coefficient was also used to find the band gap energy. The 

relation between absorption coefficient and photon energy 

is given by the expression [20] 
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hvd

hvd
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This equation indicates that d(ln(αhv))/d(hv) vs. (hv) 

plot presents a peak when hv is equal to Eg. Figure 5 shows 

the corresponding plot which exhibits a peak at 2.15 eV. 

Absorption coefficient can be used to get Urbach energy 

associated with structural disorder and defects within the 

crystal. The theoretical expression called as Urbach rule for 

this purpose is [21] 

 

 uEhv /exp0                                (3) 

 
where α0 and Eu symbolize the characteristic crystal 

parameter and Urbach energy, respectively. As can be 

concluded from Eq.(3), the slope of ln(α) vs. hv plot can be 

utilized to find the Urbach energy. The inset in Fig. 5 shows 

the corresponding plot and its linear fit near band edge. The 

inverse of the slope of fitted line gives the Urbach energy as 

52 meV. 

Temperature dependence of the band gap energy is 

expressed by [18] 
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where Eg (0) is absolute zero value of band gap, γ is rate of 

change of the band gap with temperature and β is Debye 

temperature. The experimental data (open circles) and fit 

outcome (solid line) in Fig. 4 show a good consistency for 

optical parameters of Egi (0) = 2.27 eV and γ = −5.3 × 10
-4

 

eV/K.  

The refractive index spectrum at room temperature 

(Fig. 6) was plotted using reflectivity (Fig. 2a) and the 

expression [18] 
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Fig. 3. The spectral dependence of dT/dλ at different 

temperatures. Inset presents the spectral dependence of 

dR/dλ  at  room   temperature    for   GaS0.25Se0.75  mixed  

crystals 
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Fig. 4. Temperature dependence of band gap energy of 

GaS0.25Se0.75 mixed crystals 
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Fig. 5. The dependence of d(ln(αhv))/d(hv) on photon 

energy for GaS0.25Se0.75  crystal at room temperature. Inset 

shows the plot of ln(α) vs. hv (stars) and its linear fit (solid  

line) 
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As seen from the figure, refractive index decreases 

slightly with wavelength in the transparent region of 

650-1000 nm. However, refractive index decreases rapidly 

with decreasing wavelength in the resonance energy region 

of 550-600 nm. This observed extraordinary behavior in the 

spectrum takes place persistently in the neighborhood of 

absorption bands in the absorption spectrum. Refractive 

index values of GaSxSe1-x mixed crystals were estimated as 

[22] 

 

)()1()()( 22

1

2 GaSenxGaSxnSeGaSn xx 
 (6)  

 

The refractive indices of GaSe and GaS are around 

2.83 and 2.65, respectively, in the 800-1000 nm spectral 

region which is the common range of present and 

referenced paper. According to Eq. (6), the refractive index 

of GaS0.25Se0.75 crystal is estimated as 2.79 which shows a 

good consistency with refractive index value of 2.78 picked 

out from Fig. 6. 

Sellmeier oscillator model and single effective 

oscillator model suggested by Wemple & DiDomenico 

express the refractive index in the hv < Eg region. In the 

Sellmeier oscillator model, refractive index is related in the 

hv < Eg region by [23] 
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where Sso and λso symbolize the oscillator strength and 

wavelength, respectively. Inset of Fig. 6 presents the linear 

fit of experimental data according to Eq. (7).The linear fit of 

(n
2 

– 1)
1

 vs. λ
2

 curve gives the oscillator parameters as              

Sso = 7.14 × 10
13

 m
2

 and λso = 2.9 × 10
-7 

m. In the 

Wemple-DiDomenico model, photon energy dependence 

of refractive index is given as [24] 
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where Eso and Ed represents the single oscillator energy and 

dispersion energy, respectively. Ed is a measure of the 

strength of the interband optical transition whereas Eso is 

average gap energy. The fitting process resulted in                         

Eso = 4.26 eV and Ed = 25.7 eV. The ratio of Eso/Egi for 

GaS0.25Se0.75 crystal was obtained as 1.99 which shows a 

good agreement with relation of Eso ≈ 2Egi [25, 26]. 
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Fig. 6. The variation of refractive index as a function of 

wavelength at room temperature. Inset: The plot of 

(n21)1 vs. (λ)-2 in the hν < Eg range. Stars are 

experimental data and solid line represents the linear fit 

 

 

4. Conclusions 
 

GaS0.25Se0.75 semiconducting single crystals were 

optically investigated using temperature-dependent 

transmission and room temperature reflection experiments. 

Temperature and wavelength ranges of the measurements 

were 10-300 K and 400-1000 nm, respectively. Band gap 

energy of the crystal was obtained taking advantage of first 

derivative of transmittance and reflectance spectra. The 

increase of band gap energy from 2.13 to 2.26 eV with the 

decrease of temperature from 300 to 10 K was revealed as a 

result of analyses. The band gap energy change with 

temperature and absolute band gap energy 

zero-temperature value were found as γ = −5.3 × 10
-4

 eV/K 

and Eg(0) = 2.27 eV. Analyses on the spectral dependence 

of refractive index in the below band gap energy region 

using Wemple-DiDomenico single effective oscillator 

model resulted in oscillator energy of 4.26 eV and 

dispersion energy of 25.7 eV. Sellmeier oscillator model 

applied in the same region revealed the oscillator strength 

and wavelength as 9.66 × 10
13

 m
2 

and 2.5 × 10
-7 

m, 

respectively. 
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