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In this paper, we explain the production of chromium telluride (Cr2Te3) crystalline thin film via chemical bath deposition on 
substrates (commercial glass). Properties of the thin film, such as transmittance, absorption, optical band gap and refraction 
were examined in ultra-violet Spectrum. The structural properties of orthorhombic form were observed through X-ray 
diffraction. Structural and optical properties of Cr2Te3 thin films that were deposited at different pH levels were compared. 
Some properties of the films have changed with the change of pH, which has been deeply investigated. It has been 
observed that grain size of Cr2Te3 thin film has reached its highest value at pH 9. The refraction indexes and extinction 
coefficients of Cr2Te3 films deposited at various pH levels were calculated as 1.45, 1.82, 1.78, 1.40 (refraction index) – 
0.004, 0.010, 0.009, 0.003 (extinction coefficient), for amorphous structure with 24, 42 and 63 nm average grain sizes (at 
550 nm wavelength). The band gaps (Eg) of the films were measured as 2.06, 2.57, 2.04, and 2.76 eV for the grain sizes 
mentioned above.  
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1. Introduction 
 

Chemical deposition technique was used for 

deposition of silver and the terms used for this technique 

have varied in many ways, since 1835, such as chemical 

solution deposition (CSD), chemical bath deposition 

(CBD), or chemical deposition (CD). The method that we 

have used was discovered in 1869 and since then many 

different semiconductors have been deposited using this 

method. PbS and PbSe produced via chemical deposition 

technique were used as infrared detectors and has led to a 

progress in the military field and commercial systems [1]. 

CdS thin film was first produced at 1961, until this date 

chemical storage technique was limited with PbS and PbSe 

[2].Today, most of the semiconductor thin films can be 

produced via chemical bath deposition. Researchers 

choose chemical bath deposition technique because it is 

inexpensive and simple. However, from time to time, this 

method may cause troubles for the researchers. The most 

typical example of it is the production metal tellurium’s 

thin films. 
So far, researchers have attempted to produce 

semiconductors such as PBTs [4], ZnTe [4] from CdTe [3], 

PbTe [4], ZnTe [4] via chemical bath deposition 

techniques [3] using different reagents. Most of them 

failed, because they had obtained amorphous structures 

instead of crystalline structures that they have wanted. So, 

they either choose to anneal the film in an inert 

atmosphere, or make the production using technological 

devices. For this reason, researchers have not preferred to 

produce chromium telluride semiconductor thin film via 

CBD up to today. In fact some researchers have used CrTe 

thin films that they have produced using technological 

devices in various fields, such as field-effect capacitors [5] 

and tunneling magneto-resistance in magnetic tunneling 

junctions [6]. However there are not many studies in the 

literature about the optical properties of its thin film. Since 

the production of CrTe thin films is very difficult via wet 

chemical methods, no researchers has produced  CrTe thin 

films via chemical bath deposition and no one has 

examined its optical properties up to now.  

Currently, we do not know much about optical 

properties of chromium telluride thin films produced via 

CBD. In particular, the best known feature of chromium 

telluride is its magnetic property. Its ferromagnetic 

metallic conductivity property worth mentioning (e.g. 

CrTe is a metal with Tc = 340K) [7]. It has hexagonal 

crystal structure similar to NiAs, having optical reflectance 

and 3d electron transition observed between 2-4 eV. 

[8].One of the recent studies conducted about these films 

was performed by Roy et.al., where they have produced 

Cr2Te3 thin films on Al and Si substrates and they have 

proved that the film has showed ferromagnetic properties 

around 180 K [9]. These researchers have only focused on 

magnetic properties of the film. Since these films, which 

have ferromagnetic perpendicular magnetic anisotropy, are 

mainly used on magnetic recorders and on the devices 

such as spin-transfer torque (STT), the examination of 

these properties of the film was more attractable for many 

researchers.  

In this study we attempted to produce chromium 

telluride, (Cr2Te3) thin film on amorphous glass via 

chemical bath deposition methods. The literature review 

that we have performed shoved that Cr2Te3 thin films 

haven't been produced via chemical bath deposition and 

their optical properties haven’t been studied, up to now. 
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However, in this study we mainly focused on the optical 

properties of these films in order to show them they could 

be effectively used on opto-electronic devices as well. We 

tried to show that CrTe thin films can be produced via an 

inexpensive and simple method, and to demonstrate the 

usability of their optical properties. Therefore, researchers 

and technology world can benefit from this study. 

 

 

2. Experimental method 
 

The most important stage of this process is the 

preparation and production of telluride anions. 0.01 mol 

solid tellurium was dissolved in the 1.4 dioxin with 0.02 

mole potassium hydroxide. After 30 minutes, liquid 1.4 

dioxin was separated from the gel in the baker by 

decantation. Sodium hydrosulfite (NaHS) was added to the 

gel when the gel was hot. Then, the water was slowly 

added until the solution in the baker has become 100 mL. 

The pH of this main solution was around 12. However, 

since the pH level of the bath was very high for the 

deposition, it should be reduced. Another component of 

the bath was prepared by putting 0.01 mol chromium 

chloride solution in a beaker, then adding 20 mL telluride 

and 20 mL manganese solutions (with equal concentration) 

and mixing them. Glass substrates of 76x26 mm were 

soaped with detergent and rinsed with distilled water, then 

dipped into this bath.  
The pH levels of the baths were adjusted to 11, 10 and 

9, by adding 4, 6 and 8 mL of 25% HCl solution. The 

deposition duration and temperature of the bath were set as 

24 hours and 20°C. pH levels of chemical baths were 

measured by using a pH meter (Lenko mark 6230N). 
The crystalline structure of Cr2Te3 was confirmed by 

X-ray diffraction with a CuKá1 radiation source (Rikagu 

RadB model, ë=1.5406 Å) over the range 10
o
<2è<90

o 
at a 

speed of 3
o
 min

-1
 with a step size of 0.02

o
. Surface 

properties of the films were examined by using an EVO 

40-LEO computer controlled digital scanning electron 

microscope. Chemical analysis by Energy-dispersive X-

ray spectroscopy was performed with an Energy-

dispersive X-ray spectrometer attached to scanning 

electron microscope. The optical measurements were 

performed by Hach Lange 500 Spectrophotometer at room 

temperature by placing an uncoated identical commercial 

glass substrate to the reference beam. The optical spectrum 

of thin films was recorded in the wavelength at the range 

of 300-1100 nm. The film thicknesses were measured by 

Veeco Multi Mode atomic force microscopy (Controller = 

Nano Scope 3D). Thicknesses were measured in a 10x10 

ìm area with tapping mode. 

 

 

3. Results and discussion 
 

The chemical reactions occurred during the deposition 

are summarized below. When chromium ions (Cr
+3

) were 

added to the solution that contains telluride (Te
-2

), 

chromium telluride (Cr2Te3) precipitation, which is not 

soluble in water, was formed. 

Te(k)
NaSH/KOH

Te
-2

(aq)                        (1)   

 

2Cr 
+3

(aq)+ 3Te
-2

(aq)→  Cr2Te3(k)                 (2) 

 

Equations (1) and (2) show the formation of Te
2-

 and 

Cr2Te3(In an aqueous environment with a basic solution, 

tellurium is dissolved in the form of telluride anions). 

 

 
 

Fig. 1. X-ray patterns of Cr2Te3 films deposited at various  

pH levels: (a) pH 12, (b) pH 11, (c) pH 10 and (d) pH 9 

 

 

Table 1. XRD data of ASTM values for various films 

 

 
pH ASTM Data 

File 

ASTM 

Value 

Observed 

Value 

Miller İndice 

 

 

12 

29-458 26.142 26.605 Cr2Te3(110) 

71-2245 31.180 31.452 Cr2Te3 (201) 

71-2245 41.122 41.542 Cr2Te3 (211) 

71-2246 51.030 51.633 Cr2Te3 (-2-14) 

 

 

11 

29-458 26.142 26.605 Cr2Te3 (110) 

86-1012 29.609 29.716 CrTe (101) 

71-2246 46.579 46.768 Cr2Te3 (-1-23) 

26-458 55.741 55.741 Cr2Te3 (304) 

26-458 62.558 62.324 Cr2Te3 (224) 

 

10 

Unknown Not 
indexing 

23.356 - 

29-458 26.142 26.845 Cr2Te3 (110) 

29-458 39.880 39.380 Cr2Te3 (114) 

9 Amorphous  Not 
indexing 

Amorphous Not indexing 

 

 

Fig. 1 shows XRD patterns of various Cr2Te3 thin 

films, deposited at different pH levels (a: pH 12, b: pH 11, 

c: pH 10, d: pH 9). In addition to this, the comparisons of 

these peaks with ASTM values are presented in Table 1 
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(the appeared peaks). Amorphous structure was observed 

at pH 9, however the highest peak was observed at pH: 11. 

Thus, the method and the bath prepared at pH 11 can be 

set as the specific methodology for the production of 

Cr2Te3 thin films. A hexagonal structure was observed 

while indexing the structure on XRD EVA program (a= 

6.829, c= 11.922 Ǻ; Z: 4, S.G.: P-31c). The comparison of 

XRD results with ASTM values was in line with standard 

values. An unknown peak appeared at 23.356 degree. The 

amorphous structure obtained at pH: 9 was not indexed. In 

addition, a CrTe peak was detected in the film depositedat 

pH: 11 at 29.716 degrees. In the literature, one of the most 

successful studies was performed by Rot et.al. Even 

though they have deposited CrTe thin films on a metallic 

substrate (Al2O3) via beam epistaxy method, they have 

observed a single peak having (004) and (008) orientation 

[9]. Although the substrate on which we have deposited 

the films is amorphous, XRD peaks of our films are more 

sharp and clear (for the one deposited at pH: 12). From 

this point of view, the inexpensive and cheap method that 

we have used is more advantageous than the expensive 

ones, reported in the literature.  

The grain size (D) of the films, which is one of the 

structural parameters, was analyzed from the XRD 

patterns and presented in Table 2. The grain size of the 

films was calculated from XRD patterns by using Debye 

Scherrer's formula, 

 

                            (3) 

 

where D is the grain size, ë is the wavelength of the X-ray 

used, â is the angular line width at half-maximum intensity 

in radians and è is Bragg's angle. The grain size of the 

films is calculated by using the following peaks of 

FWHM: (110) at pH 12, (110) at pH 11 and (110) at pH 

10. They were, obtained through the Scherrer's method 

which considers the peaks of XRD patterns with maximum 

intensity. The unknown peak observed in the film 

deposited at pH: 10 and the structure of the film deposited 

at pH: 9 were not included in these calculations because of 

their amorphous structure. 
The dislocation density (ä) which gives more 

information about the amount of defects in the films, was 

given by the formula, 

 

𝛿 =
1

𝐷2
                                           (4) 

 

Higher δ values indicate lower crystallinity levels for the 

films and show the amount of defects in the structure. 

Larger D and smaller δ values indicate better 

crystallization for the films.  

 

𝑁 =
𝑡

𝐷3
                                               (5) 

where N is the number of crystallites per unit area. The 

higher N value indicates an abundance of crystallization.  

 

 
Table 2. Grain size (D), dislocation density (δ) and 

number of crystallites per unit area (N) of Cr2Te3 thin  

                     films deposited at different pH 

 

pH D 

(nm) 

δ×10
-4

 

(lines/nm
2
) 

N×10
-3 

(1/nm
2
) 

t 

(nm) 

12 24 17.25 18.62 260 

11 42 5.42 4.92 390 

10 63 2.49 2.52 642 

 

 
The smallest average grain size was observed for the 

Cr2Te3 films deposited at pH 12. Thin films’ average grain 

sizes were found to be 24, 42 and 63 nm for the films 

deposited at pH 12, 11 and 10 respectively. The reason of 

lower grain size observed in the film deposited at pH 12 is 

the strength of the crystallization peaks. The grains stack 

more stringently for the materials with smaller grain size, 

which causes the spaces between grains to decrease. Thus, 

the deposition of the film on such structures leads to more 

orderly structures. This can be observed on XRD patterns 

as well. So, the peaks that we observed for the film 

deposited at pH 12 are in line with the results. The 

amorphous structure of the film deposited at pH: 9 was not 

evaluated, because the peaks could not be indexed. 

The dislocation density (ä) of the film deposited at 

pH: 12 was higher than the others. The smallest average 

grain size was calculated for the film deposited at pH: 12 

(Table 2). Even though the number of crystallites per unit 

area (N) of chromium telluride thin films was fix for the 

film deposited at pH: 12, we observed the sharpest peak at 

pH: 12. The film deposited at pH: 12, where maximum 

number of crystallites per unit area (N) was observed, was 

the one with the best crystalline structure, therefore this 

method can be set as a special method to produce 

chromium telluride thin film. Film thicknesses of the films 

were also parallel to the average grain sizes presented in 

Table 2. 

The optic band gap energy (Eg) was calculated from 

the absorption spectra of the films by using the following 

relation: 

 
(𝛼ℎ𝜈) =  𝐴(ℎ𝜈 − 𝐸𝑔)𝑛                                (6) 

 

 A is a constant, α is absorption coefficient, hυ is the 

photon energy and n is a constant, equal to ½ for direct 

band gap semiconductor. The plot of (αhυ)
2
 versus hυ is 

drawn in Fig. 2 (a: pH 12, b: pH 11, c: pH 10, d: pH 9). 
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Fig. 2. Plot of (αhυ)2 vs. hυ for Cr2Te3 films deposited at  

various pH levels: (a) pH 12, (b) pH 11, (c) pH 10, (d) pH 9 

 

 

Plot of (αhυ)
2
 vs. hυ for Cr2Te3 films deposited at 

different pH levels (a) pH 12, (b) pH 11, (c) pH 10, (d) pH 

9 is displayed in Fig. 2. As mentioned before, we were 

able to control the structures of the films by controlling the 

pH level of the bath. This leaded to the variation of the 

grain sizes for each pH level and optic band gaps varied 

accordingly. Optic band gaps of the films were 1.53, 1.50, 

1.26 and 1.91 eV for amorphous structure with 24, 42 and 

63 nm average grain sizes. As can be seen, the grain size is 

inversely correlated with optical band gap, which was also 

observed by other researchers. The quantum size affects 

optic band gap as well [10]. To be precise, the size and 

electronegativity value of the atoms are the two most 

important factors affecting band width. This is another 

reason of higher optical band gap [11]. Also, the highest 

optical band gap was calculated for amorphous structure, 

where the properties of the amorphous structure were 

nearly equivalent to insulator materials. 
The transmittance (T) of Cr2Te3 thin film can be 

calculated by using reflectivity (R) and absorbance (A) by 

the following expression: 

 
𝑇 =  (1 − 𝑅)2𝑒−𝐴                                 (7) 
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Fig. 3. Transmittance and reflectance of Cr2Te3 thin 

films deposited at various pH levels 

 

400 600 800 1000
0.00

0.05

0.10

0.15

0.20

A
b

s
o

rb
a

n
c
e

 (
a

.u
.)

Wavelength (nm)

 pH: 12

 pH: 11

 pH: 10

 pH: 9

Fig. 4. Absorbance of Cr2Te3 thin films deposited  

at various pH levels 

 

 

Figs. 3 and 4show the transmittance, reflectance and 

the absorbance of Cr2Te3 thin films obtained from baths 

with different pH levels. The lowest transmittance and the 

highest reflectivity values were observed for the films 

deposited at pH 10 and 11. This is because the absorption 

of the light is higher for thicker films. The absorption 

curve behaved as the reflectance curve and shoved an 

increase with the decrease of the wavelength. The 

transmission curve was mostly affected by the film 

thickness and the highest absorbance was observed for the 

film deposited at pH: 10 and 11. These films, especially 

the one produced at pH: 9, can be used as transparent thin 

film in the material world with its low optic band gap. 

Compared to the transparent thin film produced by 

Kawazoe et al, its transparency is higher and its optic band 

gap is narrower [12]. Refraction indexes and extinction 

coefficients of the films are calculated by the formulas: 

 

                 (8) 

 

𝑘 =  
𝛼𝜆

4п
                                            (9) 
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Fig. 5. Refraction index and extinction coefficient  

of Cr2Te3 films deposited at various pH levels  
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As can be seen from Fig. 5, refraction index and 

extinction coefficient of Cr2Te3 thin films are parallel to 

average grain size. Refraction indexes and extinction 

coefficients of Cr2Te3 films deposited at various pH levels 

were calculated as 1.45, 1.82, 1.78, 1.40 (refraction index) 

– 0.004, 0.010, 0.009, 0.003 (extinction coefficient) for 

amorphous structure with 24, 42 and 63 nm average grain 

sizes (at 550 nm wavelength). Refraction index and 

extinction coefficient have behaved in line with film 

thickness. The highest value of refractive index was 

observed as 1.82 for the film deposited at pH: 11 because 

of absorption. These films can be used as solid immersion 

lens because their refractive index is lower than 1.83 [13]. 

The film deposited at pH: 9 can useful for IR detectors 

because of its higher transmission in the visible region (% 

T > 90) [14]. Moreover, these films can be used for the 

antireflection coatings of the materials used for Fresnel 

reflection [15]. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Fig. 6. SEM images of Cr2Te3 thin films deposited at  

(a) pH: 12, (b) pH: 11, (c) pH: 10, (d) pH: 9 

Since surface properties directly affect the optical 

properties of the films, scanning electron microscopy 

(SEM) was used to investigate the effect of pH on the 

surface properties of the film. SEM images of manganese 

telluride thin films deposited at different pH are presented 

in Fig. 6. SEM analysis confirms previous outcomes. As 

can be seen from Fig. 6a, the best crystalline structure was 

observed at pH: 12, we can also observe amorphous 

structures as pH decreases. Although the highest grain size 

was calculated for the film deposited at pH: 12, some 

cracks can be observed on the SEM image of this film.  

Because of its amorphous structure, SEM image of the 

film deposited at pH: 9 (Fig. 6-d) has displayed a different 

structure than the others [16]. These results are line with 

XRD pattern and calculations. 

 

 

4. Conclusion 
 

In this study, a new method was developed for the 

production Cr2Te3 thin films. The production of Cr2Te3 

thin films was tested for different pH levels, namely, 12, 

11, 10 and 9. The films had the best crystallite at pH: 12; 

the amorphous structure was observed at pH: 9; and the 

grain size of the films varied as 24, 42 and 63 nm 

depending on the film thickness. Band gaps (Eg) of the 

films changed with average grain size. Refractive index 

and extinction coefficient of Cr2Te3 thin films were 

parallel to film thickness and grain size. Chemical bath 

deposition at pH: 12 can be named as a specific method 

for the production Cr2Te3.With this study, we showed that 

optical properties of the films, which were mostly 

mentioned with their magnetic properties in the literature, 

may also be quite useful. At the same time, we tried to 

enlighten the researchers about how to produce these films 

via an inexpensive and simple method, namely chemical 

bath deposition.  
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