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1. Introduction

Currently, there are many different methods to obtain 
colloidal nanocrystals (NCs) for their use in various 
spheres of science and technology. Physical methods 
provide a high degree of controlling the system 
parameters, but they are rather complicated in 
implementation and require cumbersome and valuable 
equipment.

Chemical methods are simple and economical, 
more profitable than other methods of synthesis, they 
allow to obtain CdTe NCs of small sizes, even down to 
several nanometres.

According to literature data, the most simple and 
accessible methods of CdTe NCs preparation is the 
liquid-phase methods of synthesis, in particular – a 
reverse micelle and colloidal synthesis [1-3]. They offer 
great opportunities to obtain and study the properties of 
low-dimensional systems based on CdTe. It is possible 
to influence not only the size of NCs, but also their 
shape and structure by changing the synthesis 
conditions. However, it is necessary to explain the 

factors that determine the size, structure and shape of 
CdTe NCs during their colloidal synthesis. In 
methodologies presented in literature, during colloidal 
synthesis of CdTe NCs a number of substances that have 
thio-group are mainly used as the surface stabilizers, but 
deionized water or dimethylformamide – as a dispersion 
environment. The role of dispersion environment in the 
colloidal synthesis of CdTe NCs is related with the 
nature of solvation processes of interaction between all 
the participants – initial, intermediate and final reaction 
products. The redistribution of electron density occurs in 
the desolvation processes, which in its turn makes a 
significant effect on interaction processes between the 
particles in the reaction environment. The solvation of 
the dissolved particle (CdI2, stabilizer) is accompanied 
by changes in electron structures both of particles and
molecules of dispersion environment (deionized water, 
glycerol, ethylene glycol), and it results in the decrease 
of enthalpy and entropy of the system. The Gibbs energy 
becomes lower during transition of the molecules in the 
solution and its following solvation. If the heat of solute 
interactions with the solvent is higher, the solubility of 
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substances under the same conditions is higher, too.
Some solvates, including hydrates and alcoholates of 
inorganic substances [4], are characterized by a rather
high stability (enthalpy of solvation may reach the 
binding energy value, which is 100-400 kJ/mol). Initial 
substances as well as intermediate products of the 
interaction (for example, the complexes of cadmium 
with stabilizers) and final reaction products (CdTe NCs) 
are involved in the process of solvation. Thus, solvation 
is considerably affected by reactivity of the particles.

The energy, which is sufficient to destroy the 
solvation shell of reacting molecules, is required to hold 
the reaction of CdTe formation. Solvation of the 
intermediate and final products may give a gain in the 
energy, which stimulates the reaction. Thus, the nature 
of dispersion environment plays a major role in 
formation of CdTe NCs during their synthesis.

The aim of this work is to study the processes of 
CdTe NCs formation by using glycerol and ethylene 
glycol solutions as dispersion environment in colloidal 
synthesis.

2. Experimental

In this work, we have investigated the properties of 
CdTe dispersions prepared in accord with the methods 
previously described in [5, 6] and developed in [7, 8], 
which involve some significant changes described 
below. To synthesize colloidal CdTe NCs, a 500-ml 
flask equipped with barriers, valves, thermometer and 
electromagnetic stirrer was used as a reactor (Fig. 1).
Aqueous solution of 40 ml 0.1 M CdI2 and 2-15 mmol 
stabilizer was placed in the reactor to synthesize CdTe 
NCs. Further, we increased the pH up to the desired 
value by introducing aqueous solution of 1.25 M NaOH 
into the mixture; if it was necessary, then the overall 
volume of the solution (250 ml) was filled by adding a 
solvent. Deionized water, aqueous solutions of 10-50% 
ethylene glycol and 5-25% glycerol were used as a
solvent. To stabilize the surface of CdTe NCs during the 
synthesis, thioglycol acid S(CH2CO2H)2 (99 %) was 
used. All chemical reagents were used without additional 
purification, and deionized water with resistivity 
2.5 MOhm was taken for preparation of solutions.

According to the results [9], the use of methanol 
and ethanol as dispersion environment allows to obtain
the CdTe dispersions, which are more stable in time than 
aqueous dispersions. The possibility of the CdTe NCs
synthesis in waterless methanol by using Na2Te as a 
source of Te2– ions is also described in [10]. But the 
synthesis of CdTe NCs by using methyl or other 
monatomic alcohols failed. Due to its insolubility, Н2Te 
in all monatomic alcohols of the above series passes 
through the reaction medium without entering the 
chemical reaction with cadmium ions. Then it almost 
completely gets the exhaust gases settings and is
neutralized in 0.1 M solution of sodium hydroxide, 
forming a black sediment of dispersed Те.

Fig. 1. The setup for CdTe NCs synthesis.

Investigations of optical properties of the solutions 
were performed in silica and polystyrene cuvettes, using 
dispersion environment for comparison (deionized water 
and aqueous solutions of glycerol and ethylene glycol). 
The photoluminescence (PL) spectra were measured at 
room temperature, with PL excitation performed using a
Не-Сd laser with the wavelength 325.0 nm and power 
10 mW. Registration of PL signal was carried out using 
a plant based on MDR-23 spectrometer equipped with 
uncooled photomultiplier FEU-100 with computer 
control scanning of the spectrum.

3. Results and discussions

The researches have shown that the nature of dispersion 
environment has a significant influence on the processes 
of CdTe NCs formation during their colloidal synthesis.
The evidence of this is that when synthesizing CdTe 
NCs in deionized water with further adding some 
quantity of ethylene glycol or glycerol into the solution,
the changes in optical properties of the solutions are not 
observed. There are changes in optical properties of the 
obtained cadmium telluride dispersions and their 
stability in time, when ethylene glycol and glycerol are 
present in the reaction environment during the synthesis. 
The dependence of changes in the properties of the 
obtained CdTe NCs solutions on the concentration of 
glycerol and ethylene glycol in the reaction environment 
was observed (Fig. 2).

As seen from Fig. 2, the use of glycerol and 
ethylene glycol solutions as dispersion environment 
during the synthesis allows us to obtain colloidal 
solutions; the PL bands are characterized by a significant 
blue shift in comparison with the corresponding aqueous 
solutions. The characteristic value of full width at half 
height (FWHH) of PL line for CdTe NCs is about 
200 meV (45 nm) and it is indicative of narrow size 
distribution of NCs ( 10 %). Fig. 2b (curves 2 and 3) 
shows that increase of the glycerol concentration leads to 
broadening of the spectral line, its gradual red shift and 
the appearance of some tightening of the long-wave edge
at 25 % concentration. It suggests the change in size of 
CdTe NCs, which are formed, and the change in 
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dispersion degree of solution. The use of ethylene glycol 
(Fig. 2c) as dispersion environment does not lead to a
similar effect. The width of spectral lines remains 
practically the same for the whole range of 
concentrations. A gradual displacement of the spectrum 
is observed (Fig. 2c) with increasing the ethylene glycol 
concentration from 10 % up to 50 %. Probably, this is 

due to the fact that the increase in molecular weight 
solvent and viscosity of the environment in comparison 
with water leads to the increase of inertia in the growth 
processes of NCs germs. As a result, the particles are 
formed with slight variation in size. The hydroxyl 
groups of ethylene glycol and glycerol can also compete 
with TGA molecules in the process of modifying the 
surface of CdTe NCs, which grow, thereby creating a 
dense isolating layer around the particles and increasing 
a stabilization degree due to electrical and steric factors. 
However, the excessively high concentration of ethylene 
glycol and glycerol may lead to the decrease of
nucleation rate and, consequently, the system will be 
formed from larger NCs. Thus, the stability of these 
systems in time will be significantly reduced.

It has been found that during the synthesis of CdTe 
NCs the most optimal concentration of ethylene glycol 
and glycerol in the reaction environment is 10 %. The 
saving cadmium telluride dispersion, which is obtained 
under these conditions for 6 months, doesn’t lead to 
significant changes in their optical properties; there is 
only a small spectral diffusion. In the solutions 
containing 5 % glycerol, a white precipitate of unknown 
nature appears with time. All the solutions with the 
concentration of ethylene glycol and glycerol over 10 % 
are characterized by coagulation of CdTe NCs, which is 
observed in a few days. For several months, there is a 
gradual illumination of colloidal solution, and 
aggregates precipitate, which is more intensive when the 
concentration of cadmium telluride in the solution is 
higher. This is a direct evidence of forming the larger 
aggregates of CdTe NCs.

4. Conclusions

It has been shown that the nature of dispersion 
environment significantly effects on the formation 
processes of CdTe NCs, which are stabilized by 
thioglycolic acid during their colloidal synthesis. In 
particular, it has been ascertained that using the
dispersion environment of alcohols with two and three 
OH– groups can significantly increase the sedimentation 
stability of these dispersions.

It has been shown that the increase in environment 
viscosity, using aqueous solutions of glycerol and 
ethylene glycol as dispersion environment in the 
colloidal synthesis of CdTe NCs, can increase stability 
of solutions and PL intensity. Also, ethylene glycol and 
glycerol molecules can compete with thioglycolic acid 
molecules in the stabilization processes of CdTe NCs.

The most optimal concentration of ethylene glycol 
and glycerol in the reaction environment has been found 
to be 10 %.
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Fig. 2. The PL spectra of CdTe NCs colloidal solutions 
obtained using water (a), glycerol solutions (b) with the 
concentrations 5 (1), 10 (2), 25 (3), and ethylene glycol 
solutions (c) with the concentrations 10 (1), 25 (2), 
50% (3) as a dispersion environment.
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1. Introduction 

Currently, there are many different methods to obtain colloidal nanocrystals (NCs) for their use in various spheres of science and technology. Physical methods provide a high degree of controlling the system parameters, but they are rather complicated in implementation and require cumbersome and valuable equipment.


Chemical methods are simple and economical, more profitable than other methods of synthesis, they allow to obtain CdTe NCs of small sizes, even down to several nanometres.


According to literature data, the most simple and accessible methods of CdTe NCs preparation is the liquid-phase methods of synthesis, in particular – a reverse micelle and colloidal synthesis [1-3]. They offer great opportunities to obtain and study the properties of low-dimensional systems based on CdTe. It is possible to influence not only the size of NCs, but also their shape and structure by changing the synthesis conditions. However, it is necessary to explain the factors that determine the size, structure and shape of CdTe NCs during their colloidal synthesis. In methodologies presented in literature, during colloidal synthesis of CdTe NCs a number of substances that have thio-group are mainly used as the surface stabilizers, but deionized water or dimethylformamide – as a dispersion environment. The role of dispersion environment in the colloidal synthesis of CdTe NCs is related with the nature of solvation processes of interaction between all the participants – initial, intermediate and final reaction products. The redistribution of electron density occurs in the desolvation processes, which in its turn makes a significant effect on interaction processes between the particles in the reaction environment. The solvation of the dissolved particle (CdI2, stabilizer) is accompanied by changes in electron structures both of particles and molecules of dispersion environment (deionized water, glycerol, ethylene glycol), and it results in the decrease of enthalpy and entropy of the system. The Gibbs energy becomes lower during transition of the molecules in the solution and its following solvation. If the heat of solute interactions with the solvent is higher, the solubility of substances under the same conditions is higher, too. Some solvates, including hydrates and alcoholates of inorganic substances [4], are characterized by a rather high stability (enthalpy of solvation may reach the binding energy value, which is 100-400 kJ/mol). Initial substances as well as intermediate products of the interaction (for example, the complexes of cadmium with stabilizers) and final reaction products (CdTe NCs) are involved in the process of solvation. Thus, solvation is considerably affected by reactivity of the particles.


The energy, which is sufficient to destroy the solvation shell of reacting molecules, is required to hold the reaction of CdTe formation. Solvation of the intermediate and final products may give a gain in the energy, which stimulates the reaction. Thus, the nature of dispersion environment plays a major role in formation of CdTe NCs during their synthesis.


The aim of this work is to study the processes of CdTe NCs formation by using glycerol and ethylene glycol solutions as dispersion environment in colloidal synthesis.


2. Experimental


In this work, we have investigated the properties of CdTe dispersions prepared in accord with the methods previously described in [5, 6] and developed in [7, 8], which involve some significant changes described below. To synthesize colloidal CdTe NCs, a 500-ml flask equipped with barriers, valves, thermometer and electromagnetic stirrer was used as a reactor (Fig. 1). Aqueous solution of 40 ml 0.1 M CdI2 and 2-15 mmol stabilizer was placed in the reactor to synthesize CdTe NCs. Further, we increased the pH up to the desired value by introducing aqueous solution of 1.25 M NaOH into the mixture; if it was necessary, then the overall volume of the solution (250 ml) was filled by adding a solvent. Deionized water, aqueous solutions of 10-50% ethylene glycol and 5-25% glycerol were used as a solvent. To stabilize the surface of CdTe NCs during the synthesis, thioglycol acid S(CH2CO2H)2 (99 %) was used. All chemical reagents were used without additional purification, and deionized water with resistivity 2.5 MOhm was taken for preparation of solutions.


According to the results [9], the use of methanol and ethanol as dispersion environment allows to obtain the CdTe dispersions, which are more stable in time than aqueous dispersions. The possibility of the CdTe NCs synthesis in waterless methanol by using Na2Te as a source of Te2– ions is also described in [10]. But the synthesis of CdTe NCs by using methyl or other monatomic alcohols failed. Due to its insolubility, Н2Te in all monatomic alcohols of the above series passes through the reaction medium without entering the chemical reaction with cadmium ions. Then it almost completely gets the exhaust gases settings and is neutralized in 0.1 M solution of sodium hydroxide, forming a black sediment of dispersed Те.
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Fig. 1. The setup for CdTe NCs synthesis.


Investigations of optical properties of the solutions were performed in silica and polystyrene cuvettes, using dispersion environment for comparison (deionized water and aqueous solutions of glycerol and ethylene glycol). The photoluminescence (PL) spectra were measured at room temperature, with PL excitation performed using a Не-Сd laser with the wavelength 325.0 nm and power 10 mW. Registration of PL signal was carried out using a plant based on MDR-23 spectrometer equipped with uncooled photomultiplier FEU-100 with computer control scanning of the spectrum.


3. Results and discussions


The researches have shown that the nature of dispersion environment has a significant influence on the processes of CdTe NCs formation during their colloidal synthesis. The evidence of this is that when synthesizing CdTe NCs in deionized water with further adding some quantity of ethylene glycol or glycerol into the solution, the changes in optical properties of the solutions are not observed. There are changes in optical properties of the obtained cadmium telluride dispersions and their stability in time, when ethylene glycol and glycerol are present in the reaction environment during the synthesis. The dependence of changes in the properties of the obtained CdTe NCs solutions on the concentration of glycerol and ethylene glycol in the reaction environment was observed (Fig. 2). 

As seen from Fig. 2, the use of glycerol and ethylene glycol solutions as dispersion environment during the synthesis allows us to obtain colloidal solutions; the PL bands are characterized by a significant blue shift in comparison with the corresponding aqueous solutions. The characteristic value of full width at half height (FWHH) of PL line for CdTe NCs is about 200 meV (45 nm) and it is indicative of narrow size distribution of NCs (( 10 %). Fig. 2b (curves 2 and 3) shows that increase of the glycerol concentration leads to broadening of the spectral line, its gradual red shift and the appearance of some tightening of the long-wave edge at 25 % concentration. It suggests the change in size of CdTe NCs, which are formed, and the change in dispersion degree of solution. The use of ethylene glycol (Fig. 2c) as dispersion environment does not lead to a similar effect. The width of spectral lines remains practically the same for the whole range of concentrations. A gradual displacement of the spectrum is observed (Fig. 2c) with increasing the ethylene glycol [image: image2.wmf]1,8
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concentration from 10 % up to 50 %. Probably, this is due to the fact that the increase in molecular weight solvent and viscosity of the environment in comparison with water leads to the increase of inertia in the growth processes of NCs germs. As a result, the particles are formed with slight variation in size. The hydroxyl groups of ethylene glycol and glycerol can also compete with TGA molecules in the process of modifying the surface of CdTe NCs, which grow, thereby creating a dense isolating layer around the particles and increasing a stabilization degree due to electrical and steric factors. However, the excessively high concentration of ethylene glycol and glycerol may lead to the decrease of nucleation rate and, consequently, the system will be formed from larger NCs. Thus, the stability of these systems in time will be significantly reduced.

It has been found that during the synthesis of CdTe NCs the most optimal concentration of ethylene glycol and glycerol in the reaction environment is 10 %. The saving cadmium telluride dispersion, which is obtained under these conditions for 6 months, doesn’t lead to significant changes in their optical properties; there is only a small spectral diffusion. In the solutions containing 5 % glycerol, a white precipitate of unknown nature appears with time. All the solutions with the concentration of ethylene glycol and glycerol over 10 % are characterized by coagulation of CdTe NCs, which is observed in a few days. For several months, there is a gradual illumination of colloidal solution, and aggregates precipitate, which is more intensive when the concentration of cadmium telluride in the solution is higher. This is a direct evidence of forming the larger aggregates of CdTe NCs.


4. Conclusions


It has been shown that the nature of dispersion environment significantly effects on the formation processes of CdTe NCs, which are stabilized by thioglycolic acid during their colloidal synthesis. In particular, it has been ascertained that using the dispersion environment of alcohols with two and three OH– groups can significantly increase the sedimentation stability of these dispersions.


It has been shown that the increase in environment viscosity, using aqueous solutions of glycerol and ethylene glycol as dispersion environment in the colloidal synthesis of CdTe NCs, can increase stability of solutions and PL intensity. Also, ethylene glycol and glycerol molecules can compete with thioglycolic acid molecules in the stabilization processes of CdTe NCs.


The most optimal concentration of ethylene glycol and glycerol in the reaction environment has been found to be 10 %. 
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Fig. 2. The PL spectra of CdTe NCs colloidal solutions obtained using water (a), glycerol solutions (b) with the concentrations 5 (1), 10 (2), 25 (3), and ethylene glycol solutions (c) with the concentrations 10 (1), 25 (2), 50% (3) as a dispersion environment.
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