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Abstract 

The study on cobalt selenide has been carried out by XRD, SEM, EDAX, FTIR and UV-VIS studies. The x-ray powder 

diffraction study has shown that the Cobalt selenide has been crystallized in orthorhombic structure. The scanning electron 

microscope reveals the morphology of the particles as square type particles embedded in gelly layer similar to seeds 

embedded in pomegranate. The particle size is determined as 99nm . The analysis of EDAX has shown the percentage of 

Cobalt and selenium. The FTIR study has shown the presence of O-H bond and metal complex. The UV-Vis spectrum has 

shown high absorption in the ultra-violet region at about 365.7nm which makes the material to be suitable for UV filters.  
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Introduction 

Chalcogenides are the compounds whose main constituent 
elements include sulphur, selenium and tellurium of group VI1. 
The most outstanding characteristics of these chalcogens are 
their six electrons system of valence orbitals. They are having 
s2p4 configuration. Each of these elements accept two electrons 
to assume the nearest rare gas configuration. The Se has 
(Ar)3d104s24p4. The chalcogens have each one pair of electron 
and two unpaired electrons in the outer p-subshell2. The atomic 
size increases from top to bottom of group VI elements (O, S, 
Se and Te). The chalcogen atoms combine with metals to form 
binary chalcogenide compounds1-3. They have shown very 
interesting properties such as semiconductor to metallic 
transition, valence transition and structural phase transition. 
They are having numerous applications in the field of modern 
technology such as switching devices, electrical and optical 
phase change data storage technologies, photo conductors, 
photo electro chemical energy conversion electrode, flexible 
radiometry and IR-imaging bundles for endoscopy and sensitive 
detector for high- field magnetic resonance imaging 
applications4-7. Cobalt is a d block transition metal element. The 
number of electrons in each of Cobalt's shells is 2, 8, 15, 2 and 
its electronic configuration is [Ar] 3d74s2. As an important 
transition metal chalcogenide cobalt selenide has attracted much 
attention due to its important applications in many areas. Cobalt 
Selenide is used in a number of industrial applications including 
infrared detection and imaging. American Elements when 
applicable, produces many standard grades, including military 
grade, Reagent and Technical Grade, Food, Agricultural and 
Pharmaceutical Grade; Optical Grade of US Pharmacopoeia, 
European Pharmacopoeia, British Pharmacopoeia and ASTM 
testing standards8-9 . Motivated by these applications, cobalt 
selenide has been chosen for the present study and the results 
are presented in this paper.  
 

Material and Methods 

The CoSe in powder form has been purchased from alfa aesar 
company as it is. It is dark black in colour. This CoSe powder 
was further characterized by XRD, SEM, EDAX, FTIR, UV-
VIS and Photoluminescence spectrum. The powder XRD was 
performed by using Richseifert diffractometer. The SEM images 
were taken on a JEOL JSM-6390 model (made in Japan) 
scanning electron microscope. The EDAX spectrum was 
recorded by OXFORD INCAPENTAx3 model made in 
England. The FTIR spectrum was recorded using Perkin Elmer 
spectrum BX model spectrophotometer by KBr pellet technique 
in the range 400–4000cm-1 at a resolution 2 cm-1. The UV-
Visible absorption spectrum was recorded using Perkin Elmer 
Lamda 35 spectrophotometer in the spectral range 200 to 
1100nm.  
 
Results and Discussion 

XRD: The recorded powder XRD pattern for the grown cobalt 
selenide is shown in figure-1. The peaks are indexed by 
analyzing the data using the method of least square fit. The 
compound is found to be crystallized in orthorhombic structure 
with a = 6.557±0.02Å, b = 3.588±0.02 Å, c = 5.200±0.02 Å and 
Volume V = 122.34 Å3. 
 
SEM: The SEM images (figure-2) of cobalt selenide (CoSe) has 
shown considerable uniform distribution of nearly square type 
particles with particle size of 99nm. The scanning electron 
microscope reveals the morphology of the particles as square 
type particles embedded in gelly layer similar to seeds 
embedded in pomegranate. The expanded SEM image of 
magnification × 30,000 shown in figure 3 has shown clearly the 
appearance of the embedded particles in gelly layer like 
structure. 
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Figure-1 

The X-ray powder diffraction pattern of Cobalt selenide 

 

 
 

 
Figure-2 

The SEM images of Cobalt selenide with two different 

magnification  

 
Figure-3 

The Expanded SEM image of Cobalt selenide with ×30,0000 

magnification 

 
EDAX: The energy dispersive x-ray spectrum of the cobalt 
selenide (figure 4) has shown that the Co and Se are present in 
weight percentage of 41.38 and 55.97 and the atomic percentage 
of 44.53 and 44.95 respectively. The expected weight 
percentage of Co and Se are 42.74 and 57.26 and they are found 
to be in agreement with the observed values.  
 

 
Figure-4  

The EDAX pattern of Cobalt selenide 

 

FTIR: The figure 5 shows the FTIR spectrum of the Cobalt 
selenide and table 1 presents the observed absorption 
frequencies and their assignments in relation to their 
characteristic vibrational modes. The broad trough starting from 
2300 to 3840cm-1 enclosing, 3834.49, 3587.6, 3441.01, 3404.36, 
2929.87and 2314.58, indicates the presence of O-H bonding10-11. 
All the other peaks at 1641.42, 1363.67, 1028.06 and 462.92 
cm-1 corresponds to Cobalt complex confirming the bonding 
with Se13. 
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Figure-5  

The FTIR spectrum of Cobalt selenide 

 

Table-1 

The assignment of FTIR bands of Cobalt selenide 

SI.NO. Frequency of bands 

cm
-1

 

Assignment 

1. 3834.49 O-H stretching 
2. 3587.6 O-H stretching 
3. 3441.01 O-H stretching 
4. 3404.36 O-H stretching 
5. 2929.87 OH in plane bending 
6. 2314.58 O-H stretching 
7 1641.42 Metal-oxygen bonding 
8 1363.67 Cobalt complex, O-H in 

plane bending 
9. 1028.06 Cobalt complex, O-H 

stretching 
10. 462.92 Co-Se bonding 

 
UV-Visible: The absorption spectrum of Cobalt selenide 
recorded in the UV-Vis region is shown in figure 6. It shows 
high absorption in the ultra-violet region from 229.62 nm in UV 
region of the spectrum. This makes the material to be suitable 
for devices for good absorption of UV radiation that is, it can be 
used as a UV filters. The wide absorption has been observed in 
the UV region from 229.62nm and upto the entire visible region 
(225 to 1100 nm) which enables it to be a potential candidate for 
using it as filters. The sample is black in colour and it shows 
high absorption visible spectral range from 360 to 740 nm.  
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Figure-6 

The UV-VIS spectrum of Cobalt selenide 

 

Conclusion 

Thus, the Spectroscopic XRD, SEM, EDAX, FTIR and UV-Vis 
studies have been made on Cobalt Selenide successfully. The 
XRD study confirms the orthorhombic structure of CoSe. The 
SEM reveals the morphology of the particles as square type 
particles embedded in gelly layer similar to seeds embedded in 
pomegranate with particle size of 99nm. The EDAX has shown 
the agreement of the weight percentage of Co and Se with the 
expected weight percentage. The frequency assignment has been 
made by FTIR and confirms the presence of cobalt bonding with 
selenium. The UV-VIS study has shown suitability of the 
compound as a potential candidate for using it as filters. 
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