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In the present work, we have studied the temperature dependence of a.c. conductivity of a multi-component glass 
Se76Te20Sn2Cd2 before and after laser exposure. For this purpose, lasers of four different wavelengths (405 nm, 532 nm, 
690 nm and 785 nm) have been used. We have found that the activation energy of thermally activated a.c. conduction and 
pre-exponential factor of a.c. conductivity obeys Meyer-Neldel relation (MNR) as well as Further MNR for both unexposed 
and exposed samples.  
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1. Introduction 
 
Chalcogenide glasses are well-known as optical 

glasses with the exceptional third-order optical 
nonlinearity and high transmittance in the infrared region. 
The tailoring of physical properties of chalcogenide 
glasses by changing the composition is used by various 
workers in last five decades. These glasses are widely used 
in phase change optical technology due to facility of fast 
phase-change between amorphous and crystalline phases      
[1, 2]. The interaction of chalcogenide glasses with laser-
irradiation changes has been grown as a subject of 
systematic investigations with a view to better 
understanding the mechanism of the phenomena taking 
place in them as well as their practical applications.  

Khan et al reported laser-induced amorphization and 
crystallization on thin films of Se-Te-Pb system [3]. 
Bahishti et al investigated effect of laser irradiation on 
thermal and optical properties of selenium–tellurium alloy 
[4]. Recently, Lorinczi et al studied effect of green laser on 
the structural properties of Ag-As2Se3 interface [5]. 
Annealing and laser irradiation effects on optical constants 
of Ga-Se and Ga-Se-In chalcogenide glasses in thin film 
form have been studied by Al-Ghamdi et al. [6, 7]. Our 
group has reported laser-induced synthesis of selenium, 
silver and silver–selenide nano-crystallites in amorphous 
Se98Ag2 alloy [8]. The study of some physico-chemical 
properties in amorphous Se-Ag alloy prior to and 
subsequent to Laser stimulated nano-structuring are also 
reported by our group [9].  

From above discussion, it is clear that the effect of 
laser irradiation on the structural and optical properties in 
chalcogenide glasses is reported by various workers. 
However, no serious attempts have been made to 

investigate the laser irradiation on the electrical properties 
of these materials. This motivated us to start the systematic 
study to see the effect of laser exposure on various 
electrical properties of some novel multi-component 
chalcogenide glasses. 

The observation of MNR in various thermally 
activated phenomena in chalcogenide glasses is another 
interesting problem in the area of glass science [10]. 
Scientists believe that this rule still tends to exist in an 
indeterminate state between fully accepted physical law 
and unexplained correlation and more work is required in 
this direction. 

Keeping in mind the above facts, we have synthesized 
a novel Se76Te20Sn2Cd2 multi-component glass. We have 
planned the a.c. conductivity measurements in as-prepared 
sample and laser-exposed samples of this novel glass. 
Generally, the composition of the glassy alloy is changed 
for tailoring of properties. We have used a new trend in 
which four lasers of different wavelengths have been used 
instead of changing the composition.  

 
 
2. Experimental 
 
Glassy alloy of Se76Te20Sn2Cd2 was prepared by well-

known quenching technique. The precise proportions of 
high purity (99.999%) elements, in accordance with their 
atomic percentages, were weighed using an electronic 
balance having least count 10-4 gm. The materials were 
then sealed in evacuated (~ 10-6 Torr) in quartz tubes. The 
vacuum of 10-6 Torr was achieved using high Vacuum 
pumping system (HindHivac, Model: VS65D) with facility 
of a liquid nitrogen trap. The tube was tucked with a 
ceramic rod and is heated inside a muffle furnace at an 
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appropriate temperature. During heating, the tube was 
frequently rocked by rotating the ceramic rod to obtain 
homogeneous glassy alloy. After rocking for about 12 
hours, the obtained melts were cooled rapidly by removing 
the tube from the furnace and dropping to ice-cooled water 
swiftly. The ingots of the sample were then taken out by 
breaking the quartz tube.  

Disc shaped samples (pellets) of identical geometry 
(diameter ~ 6 mm and thicknesses ~ 0.5 mm) were 
obtained by grinding the alloy to a fine powder and then 
compressing it in a die at a load of 3–4 tons. The pellet of 
as-prepared glass was mounted in between two steel 
electrodes of a metallic sample holder for a.c. conductivity 
(σac) measurements. The temperature measurement was 
facilitated by a copper–constantan thermocouple mounted 
very near to the sample. A vacuum of 10-3 Torr was 
maintained over the entire temperature range. The 
temperature dependence of σac was studied at various 
temperatures in the glass transition regime. A digital LCR 
meter (Wayne Kerr Electronics, Model: 4100) was used 
for a.c. conductivity measurements. The four pellets are 
irradiated uniformly using four pulsed lasers of different 
wavelengths (405 nm, 532 nm, 690 nm and 785 nm) in 

UV, Visible and IR region at fixed intensity (~ 50 mW) 
and exposure time (~ 3 minutes). The a.c. conductivity 
measurements were repeated on the exposed samples 
under identical experimental conditions. 

 
 
3. Results and discussion 
 
The temperature dependence (above the room 

temperature) of ac conductivity in as-prepared and laser-
exposed samples of glassy Se76Te20Sn2Cd2 alloy is studied 
at four different audio frequencies (1, 2, 5 and 10 kHz). It 
has been found that above the room temperature, the plots 
of ln σac vs. 1000/T are straight lines at different 
frequencies. Such plots are shown for unexposed (here we 
have labeled 0 nm wavelength for the unexposed sample) 
and exposed samples at 5 kHz in Fig. 1. Similar results 
were obtained for other audio frequencies. From Fig. 1, 
one can see that the plots are found to be straight lines 
having high correlation coefficients. The correlation 
coefficients are shown in the Fig. 1 along with the 
corresponding wavelengths of lasers. 

 

 
Fig. 1. Plots of ln σac vs 1000 / T for unexposed and laser-exposed samples of glassy Se76Te20Sn2Cd2 alloy 
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The above results show that, the variation of ac 
conductivity with temperature can approximately be 
expressed by following exponential relation in the high 
temperature range:  

 

	exp
∆

																																		 1  

 
In equation (1) ΔEac represents the activation energy 

for ac conduction and σ0 is the pre-exponential factor. 
From equation (1), we can obtain the values of the pre-
exponential factor σ0 and a.c. activation energy ΔEac from 
the intercepts and slopes of semi-logarithmic plots of the 
ac conductivity vs. reciprocal temperature respectively. 
The values of σ0 and ΔEac obtained for unexposed and 
exposed samples at different frequencies are used to plot 
the graph of ln σ0 against ΔEac. Such plots are shown in 
Fig. 2. Fig. 2 clearly indicates that the plots of ln σ0 versus 
ΔEac are also straight lines of good correlation coefficients. 
These finding shows that the pre-factor and activation 
energy related to thermally activated a.c. conduction 
follows MNR in the form: 

 

	exp
∆

																																				 2  

 
In equation (2), the parameters σ00 versus EMN are 

known as Meyer-Neldel (MN) pre-factor and Meyer-
Neldel (MN) energy respectively. 

From the slopes and intercepts of the lines of ln σ0 vs 
ΔEac plots, we have calculated the respective values of MN 
energy EMN and MN pre-factor σ00 for unexposed and 
exposed samples. We have further plotted a graph between 
ln σ00 and EMN (see Fig. 3). It is interesting to note that the 
plot of ln σ00 versus EMN is also represent a straight line in 
the form:  

 

MNE 00ln
                  3  

 
The equation is known as “Further MNR” [11]. This 

surprising and interesting correlation was firstly observed 
by Shimakawa and Abdel-Wahab [11] during the 
investigation of MNR for thermally activated electric 
conduction in different glassy systems of chalcogenides. 
Pal et al [12] and Sharma et al [13] also reported Further 
MNR in some chalcogenide glasses at different 
illumination intensities using a simple 200 W tungsten 
lamp. However, the present work is the first report of 
observation of Further MNR in thermally activated a.c. 
conduction by changing the wavelength of laser irradiation 
keeping the composition fixed.  

 

 
Fig. 2. Plots of ln σ0 versus ΔEac for unexposed and 
laser-exposed samples of glassy Se76Te20Sn2Cd2 alloy  
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Fig. 3. Plots of ln σ00 versus EMN glassy Se76Te20Sn2Cd2 alloy at different wavelengths 

 
 
4. Conclusions 
 
Novel multi-component Se76Te20Sn2Cd2 glass is 

prepared. We find that a.c. conductivity in unexposed as 
well as in laser-exposed samples is thermally activated and 
the temperature dependence of a.c. conductivity follows 
Arrhenius equation. The activation energy and pre-
exponential factor for a.c. conduction obeys the MNR for 
both unexposed and exposed samples. This shows that 
MNR rule is more general in these materials as it does not 
depend on the way how the activation energy is changed. 
The most striking feature of the present work is the 
observation of Further MNR between Meyer-Neldel pre-
factor and Meyer-Neldel energy for both virgin and laser-
exposed samples of quaternary Se76Te20Sn2Cd2 glass. 
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