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Editorial ...... 

 

In the last few years the role of the material has become very important with 

emergence of Nano material, Bio-materials, High temperature superconducting materials, 

polymers, etc., Material related issues can be found in all areas such as Biomedical, 

Telecommunication, Aeronautical Construction, Chemical & Mechanical field. Without 

the emerging materials, the development of technology would have been impossible. 

Computers, high performance engine and nuclear reactor required new and better 

materials than what had previously been available. This opens up new avenues for 

educational research in the field of “Crystal Physics and Modern Engineering Materials. 

The foremost and developing research field in Modern Material World are Crystal 

Growth, Thin film Technology and Nanoscience & Technology.  Crystal growth involves 

variety of research fields ranging from Surface Physics, Crystallography and Material 

Science to condensed mater physics. Though it has been studied extensively for more 

than 100 years, crystal growth still plays an important role in both theoretical and 

experimental research field as well as in application. Modern technology requires thin 

films for different applications. Thin film technology is the basis of astounding 

development in solid state electronics. Thin film studies have directly or indirectly leads 

to many new areas of research in solid state physics and chemistry. 

Nano technology is the latest mega trend in science and engineering, that brings a 

wave of radical innovation and will definitely spark new industrial revolution in various 

applications. The theme of the Conference is of great relevance in the present context of 

development in science and technology. This Conference will enthuse many students and 

researches to take up their career in the field of “Crystal Physics and Modern Engineering 

Materials”. 
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Abstract 

 
Ultrasonics is widely used in recent years to study various molecular interactions.  The present work deals with the 

study of acoustical parameters of aqueous solution of Benzyl Alcohol at different temperatures and at various molalities. 
From the experimental data of the density (ρ), ultrasonic velocity (U) and viscosity (η), various acoustical parameters such as 
adiabatic compressibility (β), intermolecular free length (Lf), acoustic impedance (Z), relaxation time (τ), available volume (Va) and 

molar compressibility were calculated. It is used in so many fields of scientific researches in physics, chemistry, biology, 
medicines and industry. About molecular packing, molecular motion and various types of interactions and their strength, 
influenced by the size, shape and the chemical nature of component molecules are also provided by these parameters. 

Keywords:  Benzyl alcohol, Ultrasonic velocity and Viscosity, Adiabatic compressibility, intermolecular free length, molar 

compressibility and interactions 
 
1. Introduction 

In recent years the measurement of 
ultrasonic velocity has been adequately employed 
in understanding the nature of molecular interaction 
in pure liquids and liquids mixtures. Ultrasonic 
propagation parameters yield valuable information 
regarding the behavior of liquid systems, because 
intramolecular and intermolecular association, 
dipolar interactions, complex formation and related 
structural changes affect the compressibility of 
the system which in turn produces corresponding 
variations in the ultrasonic velocity. Ultrasonic 
studies provide wealth of information about the 
state of the any solution (N. Karunanidhi, et al., 
1999). The propagation of ultrasonic waves in a 
substance has become a fundamental test to 
investigate its properties (S.C. Bhatt, et. al., 1999). 
Prakash. S. and Singh. R., Singal. S.P., 
Sathyanarayanamurthy. M., Seshagiri Rao. M. G. 
and Ramachandra Rao. B., Garnsey et al. and 
many others have carried out ultrasonic study of 
aqueous and non aqueous solutions. 

Benzyl alcohol occurs free and as ester in 
jasmine oil, Tolu and pera balsams. It is a typical 
and simplest primary aromatic alcohol and is 
isomeric with methyl benzonalCH3-C6H4-OH 
(Soni & Chawla, 2001). Benzyl Alcohol is used 
as a chemical intermediate for synthesis of target 

molecules used in pharmaceuticals, cosmetics, 
preservatives and flavouring and fragrance 
agents. The various acoustical parameters of 
aqueous solution of Benzyl Alcohol are 
computed with the help of measured U, ρ & η 
of solutions at different temperatures and at 
various concentrations. 
 
2. Experimental Study 

Aqueous solution of various molalities 
of Benzyl Alcohol is prepared with AR grade 
salt and double distilled water. A single pan 
balance accurate upto 0.0001g is used for 
weighing the salt. Density (ρ) of the solution is 
measured using 25ml specific gravity bottle. The 
temperature is maintained with a circulating 
ultra thermo stating bath accurate to within 
±0.1˚C. The coefficient of viscosity (η) of the 
solutions is determined with a cannon-Fenske 
viscometer. It is a special type of Ostwald’s 
viscometer. 

Ultrasonic velocity (U) of the solution is 
measured by using a ultrasonic interferometer 
(Mittal Enterprises Ltd.) of fixed frequency  
2 MHZ. The cell temperature is maintained with 
a circulating ultra thermostat accurate to within 
0.1 K. The acoustical parameters are calculated 
from U, ρ and η values using the following relations. 
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2.1. Acoustic Impedance (Z) 
The specific acoustic impedance is related 

to density and ultrasonic velocity by the relation.  

Z = Uρρρρ 
The value of specific acoustic impedance 

increases with concentration at a given temperature. 
 
2.2. Adiabatic Compressibility (β)  

The adiabatic compressibility values 
have been calculated from the measured ultrasonic 
velocities and densities. 

ββββ = 
2

1

U ρρρρ
 

 
2.3. Intermolecular Freelength (Lf)  

The free length is related to ultrasonic 
velocity and density as, 

Lf = 
K

Uρρρρ
 

Where K is Jacobson’s constant (K = 2 × 10-6) 

 
2.4. Molar Sound Velocity (or) Rao’s Constant(R) 

Rao established the empirical relationship 
between molecular weight, density and ultrasonic 
velocity of liquids as 

R = ( )1/3M
u

ρρρρ
 

Rao’s constant or molar sound velocity 
shows increase with increase in concentration 
and temperature. 
 
2.5. Molar Compressibility (or) Wada’s 

Constant (W) 

Wada Suggested a parameter known as 
molar compressibility to assess the strength of 
molecular interaction in liquids. It is obtain 
using the empirical relation 

W = 
1

-
eff 7

M
ββββ

ρρρρ
 

Where, Meff is the effective mass. 
 
2.6. Acoustical Relaxation Time (τ)  

Relaxation time can be calculated from 
viscosity coefficient density and ultrasonic 
velocity and is given by 

ττττ = 
2

4

3 U

ηηηη
ρρρρ

 

 
2.7. Relative Association (RA) 

Relative Association is obtained by using 
the formula 

RA = (ρρρρ/ρρρρo)( Uo/U) 

Where U, Uo and ρ, ρo are the ultrasonic 

velocity and density of the solution and solvent 
respectively. 
 
2.8. Available Volume (Va ) 

The formula for available volume was 
suggested by Schaafs  

Va = (Meff /ρ)(U/Uα ) 
Where, Uα = Schaaf’s limiting value taken as 
1600 m/s for liquids. 
 
2.9. Vander Waal’s Constant (b) 

Vander Waal’s constant is calculated by 
using the relation 

b = (M/ρρρρ).[1 –(RT/MU2) {(1+MU2/3RT1/2 – 1}] 
Where, M = molecular weight,  

R = 8.3143 JK-1mol-1, is the gas 
constant,  

ρ = density 

 
3. Results and Discussions 

Ultrasonic velocity, Acoustical impedance, 
Adiabatic compressibility, Intermolecular free 
length, Molar Sound Velocity(or) Rao’s constant, 
Molar Compressibility (or) Wada’s Constant, 
Acoustical Relaxation Time (τ), Relative 
Association (RA), Available Volume  and Vander 
Waal’s Constant of aqueous solution of Benzyl 
Alcohol at Various concentrations and temperatures 
are presented in Tables 3.1 – 3.10. Variation of 
these parameters with concentration and 
temperature are given in Graph 3.1 – 3.10. 

Table 3.1. Ultrasonic Velocity (U) ms-1 
Temperature S. 

No. 
Molality 

303 K 308 K 313 K 318 K 323 K 
1. 0.001 1487.3 1524.00 1524.00 1525.33 1534.67 

2. 0.002 1508.67 1530.00 1505.33 1508.67 1526.67 

3. 0.003 1485.33 1512.67 1508.00 1492.67 1554.00 

4. 0.004 1511.33 1522.67 1554.00 1565.33 1548.67 

5. 0.005 1502.00 1526.67 1576.67 1499.33 1523.33 
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Graph 3.1 Molality Vs Ultrasonic Velocity 

 
 
Acoustical Impedance(Z) 

Table 3.2. Acoustical Impedance(Z) x 106 Kg m-2 s-1 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 1.4823 1.5164 1.5150 1.5119 1.5178 

2. 0.002 1.5035 1.5223 1.4950 1.4953 1.5113 

3. 0.003 1.4819 1.5068 1.4978 1.4796 1.5386 

4. 0.004 1.5075 1.5150 1.5434 1.5529 1.5330 

5. 0.005 1.4985 1.5191 1.5660 1.4862 1.5067 

 
Graph 3.2 Molality Vs  Acoustical Impedance 

 
 

Table 3.3 Adiabatic Compressibility (ββββ) x 1010 Pa-1 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 4.5359 4.3273 4.3311 4.3363 4.2932 

2. 0.002 4.4085 4.2934 4.4434 4.4327 4.3342 

3. 0.003 4.5431 4.3874 4.4273 4.5278 4.1823 

4. 0.004 4.3890 4.3349 4.1695 4.1138 4.2120 

5. 0.005 4.4430 4.3119 4.0501 4.4877 4.3570 

 

Graph 3.3 Molality Vs Adiabatic Compressibility 

 
 

Table 3.4 Intermolecular Freelength(Lf) Å 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 0.1347 0.1322 0.1336 0.1343 0.1350 

2. 0.002 0.1328 0.1317 0.1353 0.1358 0.1356 

3. 0.003 0.1348 0.1331 0.1351 0.1373 0.1332 

4. 0.004 0.1325 0.1323 0.1311 0.1308 0.1337 

5. 0.005 0.1333 0.1320 0.1292 0.1367 0.1360 

 
Graph 3.4 Molality Vs Intermolecular 

Freelength 

 
 
Table 3.5. Molar Sound Velocity (or) Rao’s 

Constant(R) x 10-4 m3 mol-1 m1/3 s-1/3 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 2.0637 2.0839 2.0858 2.0929 2.1014 

2. 0.002 2.0737 2.0868 2.0794 2.0851 2.0960 

3. 0.003 2.0608 2.0768 2.0806 2.0776 2.1082 

4. 0.004 2.0734 2.0839 2.1019 2.1093 2.1064 

5. 0.005 2.0690 2.0857 2.1121 2.0812 2.0968 
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Graph 3.5 Molality Vs Rao’s Constant 

 
 

Table 3.6. Molar Compressibility (or) 
Wada’s Constant(W) x10-4 m3 mol-1 Pa-1/7 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 3.9079 3.9406 3.9437 3.9546 3.9690 

2. 0.002 3.9242 3.9454 3.9333 3.9426 3.9602 

3. 0.003 3.9034 3.9291 3.9353 3.9306 3.9800 

4. 0.004 3.9238 3.9407 3.9699 3.9819 3.9772 

5. 0.005 3.9167 3.9437 3.9865 3.9364 3.9617 

 
Graph 3.6 Molality Vs Wada’s Constant  

 
. 

Table 3.7 Acoustical Relaxation Time (τ) x 10-13 s 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 4.8731 4.1868 3.8074 3.4872 3.1551 

2. 0.002 4.7476 4.1675 3.9148 3.5793 3.1949 

3. 0.003 4.9037 4.2670 3.9190 3.6729 3.1084 

4. 0.004 4.7599 4.2255 3.6973 3.3463 3.1363 

5. 0.005 4.8296 4.2085 3.5963 3.6513 3.2482 

 

Graph 3.7. Molality Vs Acoustical 
Relaxation Time 

 
 

Table 3.8 Relative Association(RA) 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 1.0058 1.0000 1.0034 1.0036 1.0024 

2. 0.002 1.0010 0.9987 1.0066 1.0073 1.0051 

3. 0.003 1.0073 1.0036 1.0061 1.0110 0.9994 

4. 0.004 1.0013 1.0003 0.9959 0.9959 1.0003 

5. 0.005 1.0036 0.9995 0.9912 1.0095 1.0049 

 
Graph 3.8 Molality Vs Relative Association 

 
Table 3.9 Available Volume (Va ) x 10-6 m3 mol-1 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 1.2731 0.8601 0.8609 0.8483 0.7439 

2. 0.002 1.0321 0.7923 1.0735 1.0378 0.8343 

3. 0.003 1.2945 0.9875 1.0432 1.2195 0.5233 

4. 0.004 1.0013 0.8755 0.5217 0.3936 0.5841 

5. 0.005 1.1066 0.8302 0.2646 1.1440 0.8732 
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Graph 3.9. Molality Vs Available Volume 

 
Table 3.10 Vander Waal’s Constant (b) x  

10-6 m3 mol-1 

Temperature S. 
No. 

Molality 
303 K 308 K 313 K 318 K 323 K 

1. 0.001 24.34 25.06 24.74 24.52 24.50 

2. 0.002 24.94 25.23 24.26 24.07 24.27 

3. 0.003 24.27 24.73 24.33 23.63 25.01 

4. 0.004 25.00 25.03 25.60 25.60 24.87 

5. 0.005 24.74 25.15 26.23 23.82 24.21 

 
Graph 3.10. Molality Vs Vander Waal’s Constant 

 
 

� At 303K, ultrasonic velocity reach a minimum 
value at 0.003m. At 313 K ultrasonic 
velocity reach a maximum value at 0.005m. 
At low concentration the number of 
hydrogen bonds formed may be less and at 
higher concentration, it may be more due to 
solute-solvent interactions.  

� At 303K, acoustical impedance is minimum 
at 0.003m. the specific acoustical impedance 
can be used to access the strength of the 
intermolecular attraction. As the strength of 
intermolecular attraction increases ultrasonic 
velocity increases and consequently acoustical 
impedance also increases.  

� Variation in adiabatic compressibility is 
found to be opposite to that of ultrasonic 
velocity in these solutions 

� At 318K, intermolecular freelength gradually 
increases upto 0.003m and on further 
increase in concentration, there is a sudden 
dip at 0.004m. this indicates that the 
molecular associations are maximum at this 
concentration. Thereafter intermolecular 
freelength increases as the concentration is 
increases upto 0.005m 

� Non-linear variation of Rao’s constant with 
temperature and molality indicates significant 
molecular interactions in these solutions 

� At 323K, Wada’s constant decreases upto 
0.002m and on further increases in 
concentration upto 0.003m. Increase in 
concentration upto 0.005m decreases 
Wada’s constant. 

� Acoustical relaxation time shows a general 
decrease with increase in temperature and 
also shows variation with change in 
concentration. 

� At 323K, RA & Va increases upto 0.002m 
and on further increase in concentration 
RA& Va decreases upto 0.003m. thereafter 
RA & Va increases upto 0.005m. 

� At 303K, Vander Waal’s constant increases 
upto 0.002m and on further increase  in 
concentration, Vander Waal’s constant 
decreases upto 0.003m. As the concentration 
increases, Vander Waal’s constant also 
increases upto 0.004m and thereafter 
decreses upto 0.005m. 

 
4. Conclusion 

The ultrasonic parameters like  Ultrasonic 
Velocity, Acoustical Impedance, Adiabatic 
Compressibility, Intermolecular Freelength, 
Molar Sound Velocity (or) Rao’s Constant, 
Molar Compressibility (or) Wada’s Constant, 
Acoustical Relaxation Time, Relative Association, 
Available Volume  and Vander Waal’s Constant 
of aqueous solutions of Benzyl alcohol have 
been studied at various concentrations ranging 
from 0.001m to 0.005m and at various 
temperatures ranging from 303K to 323K. 
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These parameters play an important role in the 
estimation of molecular interactions in the 
solutions. 
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Abstract 

 

The amino acid of Aloe Barbadensis Miller added potassium dihydrogen phosphate nonlinear optical crystals 

(abbreviated as ABAKDP) were grown using slow solvent evaporation technique from aqueous solution. The High 

Performance Liquid Chromatography (HPLC) was carried out for the plant extract to identify the amino acids in it.  The 

grown crystal was characterized by FT-IR, UV-Vis-NIR and photoluminescence. The colourimetric estimation method is 

adopted for the quantitative analysis of amino acid present in our grown crystal. The surface morphology was studied by 

etching studies.The Kurtz and Perry technique is used to confirm the Second Harmonic Generation (SHG) property of the 

grown crystal. 

Keywords: NLO crystal, solution growth, phyto-chemical analysis, photoluminescence, thin layer chromatography. 
 

Introduction 

The fast development in the field of 
optoelectronics has stimulated the search for 
novel nonlinear optical crystals for efficient 
signal processing.  New nonlinear optical (NLO) 
frequency conversion materials can have a 
significant impact on laser technology and 
optical communication [1-3]. One of the 
essential requirements for a material to exhibit 
second order optical susceptibilities is that the 
crystal should have noncentrosymmetric space 
group. The search for new frequency conversion 
materials over the past decade has concentrated 
primarily on organics.  Much recent work have 
proved that organic crystals have very high 
nonlinear susceptibilities compared with inorganic 
crystals, but their use is restricted by their low 
optical transparencies, poor mechanical properties, 
low laser damage thresholds and on inability to 
produce and process large crystals. Purely 
inorganic NLO materials typically have excellent 
mechanical and thermal properties but posses 
relatively modest optical nonlinearities because 
of the lack of π electron delocalization. 
Nowadays,  semi organic materials have been 

attracting a great deal of attention in the 
nonlinear field, because such materials have the 
potential for combining the high optical 
nonlinearity and chemical flexibility of organic 
materials with high thermal stability and excellent 
transmittance of inorganic substances [4-6]. 
Among the large family  of  second  harmonic 
generation (SHG)  materials, KDP is  the  most 
well  studied  crystal  grown from  solution  and  
has  served  as  a  model  system  for  studies  of 
crystal  growth  mechanism [7,8]. The very first 
material to be used and exploited for its 
nonlinear optical (NLO) and electro-optic (EO) 
properties is potassium dihydrogen phosphate 
(KDP).    It was used in the early experiments in 
nonlinear optics and it is still widely used in 
nonlinear optical devices. Still now, it continues 
to be popular as electro-optic materials because 
it is readily grown in useful sizes with good 
optical homogeneity [9-11]. 

Recently, the amino-acid family single 
crystals are gaining importance because they are 
highly feasible second-order NLO materials. 
They exhibit  specific features of interest such as 
permanent magnetic dipole moment, molecular 
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chirality, which secures noncentro symmetric 
crystallographic  structure, the  absence  of  strong 
conjugated  bonds, which  lead  to  the  wide 
transparency  ranges  in  the  visible  and  uv 
regions   and  the  zwitter  ionic  nature  of 
molecules,  which  favors  the  mechanical  strength 
of  the  crystal  for applications  in  devices [12]. 
Aloevera is the most important traditional 
herbal medicine.  It is also known as “Plant of 
immortality” [13, 14]. In sanskrit, it is named as 
“Kumari” which means “ever young”. Aloevera 
belongs to liliaceae family. The  invention  of 
X-rays  and  atom  bomb  brought  Aloevera 
into  popularity  as  it  protected  against 
radiation  burns. From the literature [15-18] it is 
found that the Aloevera contains more amino 
acids, so we have extracted the natural amino 
acids from it. 

As  no  reports  are  available  on 
investigations on growth, phytochemical and 
optical analyses of Aloevera Barbadensis’s 
aminoacid added potassium dihydrogen phosphate 
NLO (ABADP) biocrystals,  we  report  in  this  
article, the effect of Aloevera Barbadensis’s 
amino acid with KDP on crystalline  perfection, 
SHG efficiency, optical properties like FT-IR, 
UV-Vis-NIR, photoluminescence and the High 
Performance Liquid Chromatography (HPLC) 
was carried out for the plant extract. The 
colorimetric estimation method is adopted for 
the quantitative analysis and thin layer chromatography 
for qualitative analysis of amino acid present in 
our grown ABAKDP crystal respectively. The 
SHG efficiency of our grown crystal is studied 
using Kurtz and Perry technique.  The obtained 
results are discussed below in detail. 
 

Experimental 

2.1. Phyto-chemical analysis 

2.1.1. Aloevera amino acid extract preparation 
For this investigation, disease free, 3 

years old plant leaves are selected.  The rind, 
sap, mucilage and gel are the four layers of the 
leaf.  The gel portion is taken from the sterilized 
leaf.  Five grams of gel is kept in 10 ml ethanol 
solvent. Then  these  are  grind  with  the  help 
of mortar  and  pestle  and  it  is  subjected to 

centrifugation  for  10-15  min  at  10,000  rpm. 
The  supernatant  is  collected  after  filtration 
through  what Mann  no.1  filter  paper  and 
stored  for  further  studies[19]. 
 
2.1.2. High Performance Liquid Chromatography 

(HPLC) 

To identify the amino acids present in 
the extract HPLC analysis was carried out by 
using scimadzu- spintron HPLC-530.  

Fig. (1a) shows the HPLC graph of 
(time-voltage) amino acid extract of Aloe Vera. 
From this analysis it is seen that there are five 
different peaks with various retention times, 
heights and areas. On matching the retention 
times with the known compounds, under similar 
conditions, the amino acids present in our 
extract are identified as homocystine, isoleucine, 
serine and tyrosine, from the recorded HPLC 
spectrum [20]. 
 

2.2. Crystal Growth 

The saturated solution of KDP (analar 
grade) was  prepared  and  then  added  with 
Aloevera  amino acid extract  in  equal  weight 
proportions. It was stirred well using magnetic 
stirrer. Then the solution is filtered and transferred to 
crystal growth vessel and crystallization was 
allowed to take place by the solvent evaporation 
technique. Well-defined, transparent single crystal 
(ABAKDP) of  dimensions 2.5x0.5x0.5cm3 as 
shown  in  fig.(1b) was harvested  within  the 
time  span  of  20-25  days. 
 

Results and Discussion 

3.1. FT-IR Spectral Analysis 

FTIR  spectroscopy  is  inter conversion 
of  time-domain  spectral  data  to  frequency 
domain.  Vibration  bands  in  the  region  1750-
1400cm-1 give  information  on  base-pairing 
while  vibration  bands  in  the  region  1300-
1000 cm-1 give  information  on  the  structure 
of  the  system. The  FTIR  spectra were    recorded 
for the extract and our grown ABAKDP crystal 
(2a&2b), using Perkin Elmer Spectrophotometer 
in the wave length range 400-4000 cm-1 with the 
help of KBr pellet technique. The  comparative 
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chart  for Aloevera  amino acid extract,  KDP 
and  our  grown  ABAKDP  is  shown  in  the 
table 1. 

The characteristic vibrational  frequencies  
that are occurring in amino acid extract of 
Aloevera like 3416,1406 and 1118 cm-1 because 
of the presence of amine, -C-H- groups [ 21] 
respectively are shifted to the lower frequency 
side due to the co-ordination of amines with 
KDP as seen in the table 3.  The peak at 1641 cm-1 is 
confirming the presence of carboxylate ion in 
the system [22]. The frequencies at 861,542 and 
454 cm-1 are also shifted to lower frequencies, 
ascertaining the formation of amino salts [23]. 
 

3.2. UV-Vis -NIRstudies 

The UV-Vis-NIR transmission and 
absorption spectrum of ABAKDP crystal are 
recorded by using lamda 35 UV-Vis-NIR 
spectrophotometer in the range 190-1100nm.  It 
is seen from the spectra (fig.3), that the crystal is 
transparent in the entire range thus indicating 
the suitability of ABAKDP for NLO applications. 
The knowledge of optical constants of a material 
such as optical band gap is essential to examine 
the potentiality of the material for optoelectronic 
applications [24-26].  Aloevera  amino  acid  added 
KDP crystals  is  having  greater  percentage  of 
transmission  compared  to  pure  KDP  crystal. 
The lower cut-off wavelength is nearly 200nm. 

From the UV-Vis-NIR spectral data, 
the optical band gapEg is (3.75927eV) calculated, 
using the formula: 

Eg =hc/λg x 1.602 x10-19 eV 

Here λg =330 x 10-9 m. 

Eg=6.625 x 10-34 x3 x 108/330 x 10-9 x 1.602 x 10-19 
Eg=3.75927 eV 
 
3.4. Colorimetric Estimation Method 

The quantitative estimation of amino 
acid present in the extract and in our grown 
ABAKDP crystal was determined by colorimetric 
estimation method. Using a spectro photo meter 
operating at 550nm, the presence/inclusion of 
amino acid is confirmed by colorimetric estimation 
method. At lower concentrations it will often 
give more accurate results. When minute 
amounts of substances are to be determined, 

that the colour reaction be highly sensitive 
therefore at such circumstances the colorimetric 
estimation method is particularly desirable. In 
visible region, the reaction product absorbs 
strongly. The strong absorption may be 
enhanced by the presence of groups like –OH, 
NH2 and CH3, called auxochromes.  The colour 
produced should be sufficiently stable to permit 
an accurate reading to be taken.  The colours 

arise from (i) d →d transitions within the metal 

ion and (ii) n →π* transitions within the ligands. 

Ninhydrin was added with our sample because it 
is having the capacity to bind with amino acids 
and imparts stable colour (pale yellowish green) 
to them.  The colour intensity (optical density) 
was measured by deep vision colorimeter 
(digital) at 550 nm. [28]. 

Initially, the colorimeter was adjusted 
for null value with zero concentration (Blank) of 
the extract/crystal solution.  Then, our samples 
(extract/crystal solution) added with ninhydrin 
was introduced [29] and the measured optical 
densities (ODs) were 0.096 and 0.046 for extract 
and our grown crystals respectively. With the 
help of the standards under similar conditions, 
the amount of amino acid present in the extract 
as well as in our crystal was found to be 165 and 
106 µ g/ml respectively.  

 

3.5. Photoluminescence (PL) Studies of 

ABAKDP Crystals 

When a system is excited to the higher 
energy level by the absorption of photons then 
it decays to the lower energy levels, emitting a 
photon in the process. Luminescence is generally 
expected in compounds that are aromatic or 
those containing multiple conjugated double 
bonds.  The PL spectrum was recorded for the 
powder sample at room temperature, using 
1403-SPEX spectro - fluorometer with Argon 

ion laser (λ=457.9 nm at 2.71 eV) as the 

excitation source.  The excitation spectrum is as 
shown in (fig.4). 

It shows the purity and crystalline 
nature of the grown crystal. There are two peaks 
nearly at 390 and 460 nm having more or less 
the same intensity. This shows that the functional 
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groups are equally footed. There is also a 

medium peak ∼at 550nm. The broadening of the 

peaks may be due to the flexibility of carboxylic 
groups of the amino acids that can make 
interactions with the neighboring groups in the 
crystal lattice [29,30]. The calculated optical 
band edge from the spectral data is 3.8015 eV. 
 

3.6. Etching studies 

Chemical etching is a simple and very 
powerful tool to analyze the defects present in 
the grown crystal surfaces. Dislocations can 
easily appear in the early stages of the growth 
itself. Once the damaged surface layer was 
removed by means of etching, a fresh surface 
appeared which in turn gave clear pits. The 
etched surface was dried and examined.  Our 
sample ABAKDP crystal before etching (fig.5a) 
was examined through the optical microscope 
(Leitz Metallux-II). The crystal was etched by 
water etchant for five seconds and then analyzed 
through the microscope. Some well defined 
crystallographically aligned etch pits were observed 
on the surface and is shown in (fig. 5b). 
 

3.7. Second Harmonic Generation Test 

A  preliminary  study  on  the  second 
harmonic  generation  efficiency  of  the  crystal 
with reference to KDP was carried out by 
powder technique developed by Kurtz and 
Perry [31]. In this experiment, Q-switched  
Nd-YAG laser with the first harmonic output of 
1064 nm was used. The crystal was ground to 
homogeneous powder and tightly packed in a 
micro capillary tube and mounted in the path of 
the laser beam of pulse energy 0.68 mJ. The 
SHG was confirmed by the emission of green 

light (λ=532 nm) collected by photo multiplier 

tube and displayed on the oscilloscope. SHG 
signals of intensity 3 mV was recorded for the 
sample while that for KDP was 8.8 m V. The 
second harmonic generation efficiency of  ABAKDP 
is  2.9  times  lesser  than  that  of  KDP. 

Conclusion 

The slow evaporation technique is used 
to grow ABAKDP single crystals. Aloevera 

amino acid extract is taken from the three years 
old plant leaf. The High Performance Liquid 
Chromatography is used to analyze the amino 
acids present in the extract. The important 
functional groups present in the grown crystals 
are assigned from the FTIR spectra. The linear 
optical transparency is observed by recording 
UV-Vis-NIR absorption and transmission spectra. 
The optical band edge is also calculated (3.7593 eV) 
from the transmission spectral data. The presence 
of amino acids in the grown crystals is qualitatively 
confirmed by thin layer chromatography (TLC). 
The photoluminescence spectrum is recorded to 
ascertain the SHG property of our grown 
sample. The optical band edge (3.8015 eV) is 
calculated from the PL spectral data. The 
colorimetric estimation method is used for 
quantification of amino acid present in the 
extract as well as in the grown crystals. The 
surface morphology is observed by etching 
technique. Kurtz and Perry technique is used to 
determine the SHG efficiency of the crystal. 
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Fig. 1a High performance liquid chromatography 

(HPLC) of Aloevera amino acid extract 

 
Fig. 1b   As grown ABAKDP crystals 
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Fig.2a  FTIR Spectrum of Aloevera extract 
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Fig. 2b   FTIR Spectrum of ABAKDP crystal 
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Fig. 3 Absorption spectrum of ABAKDP 

crystal 

 

 
Fig.4 Photoluminescence spectrum of 

ABAKDP crystal 

 

 
Fig.5a Etching pattern- before etching 

 
Fig.5b     Etching pattern- after etching 

2464 
3956

1087 

1643 

454 

542 

861 
1300 

4000 3000

4 

2000

4 

1500

4 

1000

4 

400 

cm-1 

3455 

136



ISSN No: 2347-9213         Vol. 2, March 2015 

BSC    IJCR   

 
Page 13 

 

Table 1: Tentative group assignments of 

ABAKDP crystal in cm-1 

Aloe Vera 
amino 

acid 
extract 

Pure 
KDP 

ABAKDP 
Tentative Group 

Assignment 

- 3956 3948 OH-bonding 

3416 - 3410 NH2
+ stretching 

- 2464 2353 
P-O-H bending of 

KDP 

1639 - 1641 
COO-asymmetric 

stretching 

1406 - 1399 C-C-H stretching 

1118 - 1101 C-H bending 

666 861 727 PO4
+ stretching 

- 
542 

454 

542 

461 
PO4

+ rocking 
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Abstract 
 

Benzoxazole is primarily used in industry, medicinal chemistry, herbicidal activity, fungicidal activities and 

research. Substituted benzoxazoles have been reported to possess diverse chemotherapeutic properties including antibiotic, 
antimicrobial, antiviral, antitumor, pharmacological activities and multi-drug resistance cancer cell activities. Due to the vast 
applications the benzoxazole derivatives are taken under study. With its extensive uses as a drug for epilepsy, its cost-effective 
synthesis remained a great challenge for synthetic organic chemists. In a search for new benzisoxazole compounds with better 

biological activity, the title compounds, were synthesized and its crystal structures determined, in order to examine the 
structure–activity effects of the chloromethyl and methyl substituents on the benzoisoxazole ring. Using X-ray diffraction 
studies the molecular structure of these compounds were determined. 

Keywords: Benzoxazole, torsion angle, intra-molecular non-bonded interactions 

 
Introduction 

Benzoxazole is an aromatic organic 
compound with a molecular formula, C7H5NO 
containing a benzene-fused isoxazole ring 
structure. Benzoxazole is primarily used in 
industry, medicinal chemistry, herbicidal activity, 
fungicidal activities and research. Substituted 
benzoxazoles have been reported to possess 
diverse chemotherapeutic properties including 
antibiotic, antimicrobial, antiviral, antitumor, 
pharmacological activities and multi-drug resistance 
cancer cell activities.  In agriculture applications 
herbicidal activity has been identified as well as 
fungicidal activities against some plant pathogens. 
Some derivatives are also used as semiconductors 
and as corrosion inhibitors in fuels and lubricants. 
They are also important intermediates in the 
synthesis of many complex natural products. 
Among them, 3–substituted–1,2–benzisoxazole 
and their derivatives are emerging as potential 
antipsychotic compounds. The benzoxazole 
derivatives have also been under investigation 
because of their potential applicability using a 
light-emitting element in light-emitting devices 
and an electronic device (Kayalvizhi et al., 2011 
& 2012).  
 

In the first compound, Fig.1, the torsion 
angle [N2—C3—C10—Cl = 121.31 (19)°] 
indicates that the side chain is anticlinal looking 
down the C3—C10 bond. The exocyclic angles 
C10—C3—C3a [129.35 (19)°] and C3—C3a—
C4 [137.13 (19)°] deviate significantly from the 
normal values and this may be due to the 
intramolecular non-bonded interaction between 
the chlorine atom and an aromatic H atom 
[Cl���H4 = 3.2582 (8) Å]. In the crystal, adjacent 
molecules are linked via a pair of weak 
intermolecular C—H���N hydrogen bonds, Fig.2, 
forming dimers through a cyclic R2

2(8) association. 
In the second compound, Fig.3, the 

widening of the exocyclic angle C10—C9—C3 
[113.4 (2)°] from the normal value of 109° may 
be due to repulsion between neighbouring H 
atoms [H9��� H11 = 2.2495 (1) Å]. The exocyclic 
angles C9—C3—C3a [132.1 (2)°] and C3—C3a—C4 
[138.2 (2)°] deviate significantly from the normal 
value of 120° and this may be due to the 
intramolecular non-bonded interactions between 
the chlorine atom and H-atom H4 at C10 [Cl��� 
H4 = 3.1169 (7) Å]. The isoxazole ring (O1, N2, 
C3, C3a, C7a) is planar [max. deviation 0.007 (3) Å]. 
Crystal packing of the compound is illustrated in 
Fig.4. There are no significant non-bonded 
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interactions present and the crystal structure is 
stabilized by van der Waals interactions only. 

The r. m. s deviation of the 1,2-benzoxazole 
system lies in the range 0.0121 Å - 0.023 (3) Å 
for the N2 atom. The benzoxazole ring is almost 
planar. The N2 = C3 bond lies in the range 
[1.295(3) Å - 1.299 (3) Å] displays typical 
double-bond character, slightly longer than 
standard 1.28 Å value of a C = N double bond. 
The N2 - O1 [1.412 (2) Å - 1.417(2) Å] bond lies 
within the normal limits expected for a single  
N - O bond and the C7A - O1 [1.361 (3) Å - 
1.363(2) Å] bond, although short, also lies 
within the anticipated range for a single C - O 
bond. The C - H…π and π - π interactions 
involving the benzoxazole and the benzene ring 
is also found in the first structure. There are no 
hydrogen-bonding interactions in the crystal 
structure, which is stabilized by van der Waals 
interactions only in the second compound. 

 

 
R1 = CH3 , R2 = C6H4 

SCHEME 
3-[Chloro(phenyl)methyl]-6-methyl-1,2- 

benzoxazole: CPMMB 

 
 

Fig.1 
 

 
 

Fig.2 
3-Chloromethyl-6,7-dimethyl-1,2-

benzoxazole: CMDMB 
 

 
 

Fig.3 
 

 
 

Fig.4 
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Table 1 Comparison of the bond lengths of the isoxazole ring (Å) of CPMMB and CMDMB with 
other closely related structures.  

 
ISOXAZOLE RING (O1/N2/C3/C3A/C7A) of BENZOXAZOLE 

 

Compound 
O1-N2 

(Å) 

N2-C3 

(Å) 

C3-C3A 

(Å) 

C3A-C7A 

(Å) 

C7A - O1 

(Å) 
Reference 

1 1.431(3) 1.301(3) 1.433(3) 1.378(3) 1.360(3) Ge & Luo (2012) 

2 1.427(4) 1.303(5) 1.433(6) 1.387(5) 1.371(5) Banu et al., (2011a) 

3 1.436(3) 1.304(4) 1.440(4) 1.389(4) 1.374(4) Banu et al.,  (2011b) 

4 1.4309(16) 1.3019(19) 1.439(19) 1.386(2) 1.3559(16) Betz et al., (2011) 

5 1.432(3) 1.294 (3) 1.431 (3) 1.381 (3) 1.357 (3) Sun & Zhang et al., (2009) 

6 1.440(3) 1.307(3) 1.441(3) 1.378(3) 1.35(3) Naveen et al., (2007) 

7 1.441(3) 1.2887(3) 1.438(3) 1.384(3) 1.364(3) Wang et al., (2006a) 

8 1.4275(19) 1.3023(18) 1.435(2) 1.390(2) 1.355(2) Wang et al., (2006b) 

9 1.436(3) 1.295(3) 1.439(3) 1.379(3) 1.351(3) Ravikumar et al., (2005) 

10 1.4317(17) 1.3007(19) 1.4382(19) 1.387(2) 1.3539(18) Yathirajan et al (2005) 

11 1.440(5) 1.297(6) 1.438(5) 1.380(7) 1.354(5) Peeters et al., (1993) 

1.438(7) 1.307(8) 1.45(2) 1.383(9) 1.354(8) 
Jottier et al., (1992) 

Molecule A 12 

1.441(7) 1.306(9) 1.43(1) 1.373(9) 1.343(8) Molecule B 

1.418(2) 1.297(2) 1.434(2) 1.384(3) 1.364(2) 
Domiano & Branca (1990) 

Molecule A 13 

1.411(2) 1.296(3) 1.440(3) 1.383(2) 1.364(3) Molecule B 

14 1.412(2) 1.299(3) 1.433(3) 1.378(3) 1.366(3) Lisgarten & Palmer (1988) 

15 1.412(3) 1.299(3) 1.430(3) 1.380(3) 1.361(3) Present work CPMMB 

16 1.417(2) 1.295(3) 1.420(3) 1.372(3) 1.363(2) 
Present work 

CMDMB 
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Table 2 Comparison of the bond angles of the isoxazole ring (°) of CPMMB and CMDMB with 
other closely related structures. 

 

 
ISOXAZOLE RING (O1/N2/C3/C3A/C7A) of BENZOXAZOLE 

 

Compound 
O1-N2-C3 

(˚) 

N2-C3-C3A 

(˚) 

C3-C3A-C7A 

(˚) 

C3A-C7A-O1 

(˚) 

C7A-O1-N2 

(˚) 
Reference 

1 107.3(2) 111.2(2) 104.2(2) 110.2(2) 107.05(18) Ge & Luo (2012) 

2 107.0(3) 111.7(4) 104.2(3) 109.4(3) 107.7(3) Banu et al., (2011a) 

3 106.6 (2) 112.3 (3) 103.7 (3) 109.8 (3) 107.6 (2) Banu et al., (2011b ) 

4 107.63(11) 111.00(13) 103.89(12) 110.37(12) 107.11(10) Betz et al., (2011) 

5 107.01(19) 111.6(2) 104.1(2) 109.8(2) 107.44(17) Sun & Zhang et al., (2009) 

6 106.82(18) 111.23(19) 104.23(19) 110.3(2) 107.44(17) Naveen et al., (2007) 

7 107.1(2) 112.1(2) 103.6(2) 110.2(2) 106.9(2) Wang et al., (2006a) 

8 107.03(13) 111.51(14) 103.84(13) 109.81(15) 107.80(11) Wang et al., (2006b) 

9 106.70(18) 111.7(2) 103.70(19) 110.3(2) 107.58(16) Ravikumar et al., (2005) 

10 107.03(11) 111.60(12) 103.50(12) 110.41(12) 107.44(11) Yathirajan et al (2005) 

11 107.0(4) 111.4(4) 104.1(4) 110.2(4) 107.3(4) Peeters et al., (1993) 

107.7(5) 110.0(6) 105.1(5) 109.7(6) 107.4(5) 
Jottier et al., (1992) 

Molecule A 12 

106.1(5) 112.1(6) 103.2(6) 111.5(7) 107.2(5) Molecule B 

108.0(2) 111.1(1) 103.9(1) 109.9(2) 107.1(1) 
Domiano & Branca (1990) 

Molecule A 13 

108.5(2) 110.7(2) 103.8(2) 110.1(2) 107.0(1) Molecule B 

14 107.7(2) 111.1(2) 104.0(2) 109.8(2) 107.4(2) Lisgarten & Palmer (1988) 

15 107.0(2) 111.9(2) 103.5(2) 110.0(2) 107.68(18) Present work CPMMB 

16 106.82(16) 112.04(18) 103.89(17) 109.88(17) 107.37(15) Present work CMDMB 
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Table 3 Comparison of the torsion angles of the isoxazole ring (°) of CPMMB and CMDMB with 
other closely related structures. 

 
   

ISOXAZOLE RING (O1/N2/C3/C3A/C7A) of BENZOXAZOLE 
 

Compound 

O
1-
N
2-
C
3-
C
3A

 
(˚
) 

N
2-
C
3-
C
3A
-C
7A

 
(˚
) 

C
3-
C
3A

-C
7A

-O
1 

(˚
) 

C
3A

-C
7A

-O
1-
N
2 

(˚
) 

C
7A

-O
1-
N
2-
C
3 

(˚
) Reference 

1 0.7(3) -1.2(3) 1.2(3) -0.8(3) 0.0(3) Ge & Luo (2012) 

2 0.9(4) -1.2(4) 1.0(4) -0.5(4) -0.3(4) Banu et al., (2011a) 

3 -1.7 (4) 1.6 (4) -0.9 (3) 0.0 (3) 1.1 (3) Banu et al., (2011b) 

4 0.47(16) -0.51(16) 0.33(16) -0.07(15) -0.26(15) Betz et al., (2011) 

5 1.0 -1.2(3) 0.9(2) -0.4(2) -0.4(2) Sun & Zhang et al., (2009) 

6 0.2(2) -0.(3) 1.2(3) -1.1(3) 0.6(3) Naveen et al., (2007) 

7 -0.7(3) 2.0(3) -2.5(3) 2.2(3) -0.9(3) Wang et al., (2006a) 

8 0.53(8) -0.48(18) 0.23(17) 0.07(13) -0.37(17) Wang et al., (2006b) 

9 -0.2(3) 0.4(3) -0.4(2) 0.3(3) -0.1(3) Ravikumar et al., (2005) 

10 -0.30(16) -0.46(16) 1.08(16) -1.29(16) 0.97(16) Yathirajan et al (2005) 

11 0.1(5) 0.3(6) -0.7(5) 0.8(5) -0.6(5) Peeters et al., (1993) 

0.80 -0.54 0.03 0.44 -0.77 
Jottier et al., (1992) 

Molecule A 12 

-0.97 0.74 -0.17 -0.39 0.83 Molecule B 

13 0.0 0.0 -0.1 0.1 0.0 Lisgarten & Palmer (1988) 

14 1.3(3) -0.9(3) 0.1(3) 0.7(3) -1.2(3) Present work CPMMB 

15 0.5(2) -0.4(2) 0.1(2) 0.2(2) -0.5(2) Present work CMDMB 
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Table 4 Compound names and references are given below for the Table 1, 2 & 3 
 

Reference 
No. 

Compound name Reference 

1 3-{2-[4-(6-fluoro1,2-benzoxazol-3-yl)piperidin-1-yl]ethyl}-9-hydroxy-
2-methyl1,6,7,8,9,9a-hexahydropyrido[1,2-a]pyrimidin-4-one nitrate 

Ge & Luo 
(2012) 

2 3-{[5-(4-Bromophenyl)imidazo[2,1-b][1,3,4]thiadiazol-2-yl]methyl}-
1,2-benzoxazole 

Banu et al., 
(2011a) 

3 3-{[6-(4-Chlorophenyl)imidazo[2,1-b][1,3,4]thiadiazol-2-yl]methyl}-
1,2-benzoxazole 

Banu et al., 
(2011b) 

4 3-{2-[4-(6-fluoro-1,2-benzoxazol-3-yl)piperidin-1-yl]ethyl}-9-
hydroxy-2-methyl1,6,7,8,9,9a-hexahydropyrido[1,2-a]pyrimidin-4-one 

Betz et al., 
(2011) 

5 4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-[2-(2-methyl-4-oxo-6,7,8,9-
tetrahydro-4H-pyrido[1,2a]pyrimidin-3-yl)ethyl]piperidinium nitrate 

Sun & Zhang 
et al., (2009) 

6 (2-Ethoxyphenyl)[4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-
yl]methanone 

Naveen et al., 
(2007) 

7 4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-hydroxy-1-[2-(2-methyl4-oxo-
3,4,6,7,8,9-hexahydro-2H-pyrido[1,2-a]pyrimidin-3-
yl)ethyl]piperidine} 

Wang et al., 
(2006a) 

8 4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-[2-(2methyl-4-oxo-3,4,6,7,8,9-
hexahydro-2H-pyrido[1,2-a]pyrimidin-3-yl)ethyl]piperidinium} 

Wang et al., 
(2006b) 

9 4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-hydroxy-1-[2-(2methyl-4-oxo-
3,4,6,7,8,9-hexahydro-2H-pyrido[1,2-a]pyrimidin-3-yl)ethyl]piperidine 
N-oxide hydrogen peroxide methanol solvate 

Ravikumar et 
al., (2005) 

10 N-H+...Cl- and C-H...O interactions in 6-fluoro-3-(4-
piperidinio)benz[d]isoxazole chloride 

Yathirajan et al 
(2005) 

11 3-{2-[4-(6-fluoro-1,2-benzoxazol-3-yl)piperidino]ethyl}-6,7,8,9-
tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one (Risperidone) 

Peeters et al., 
(1993) 

12 3-{2-[4-(6-fluoro-1,2-benzoxazol-3-yl)-1-piperidinyl]ethyl}-2,9-
dimethyl-4H-pyrido[1,2-a]pyrimidin-4-one (Ocaperidone) 

Jottier et al., 
(1992) 

13 1,2- Benzisoxazol-3-ylacetic acid Domiano & 
Branca (1990) 

14 1,2- Benzisoxazol-3-yl)methanesulfonamide Lisgarten & 
Palmer (1988) 

15 3-[Chloro(phenyl)methyl]-6-methyl-1,2-benzoxazole Present work 

CPMMB 

16 3-Chloromethyl-6,7-dimethyl-1,2-benzoxazole Present work 

CMDMB 
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Table 5 Comparison of the dihedral angles 
between the planes observed in benzoxazole 

derivatives (°) 
 

 
 

COMPOUND Plane1 & Plane 2 

CPMMB 1.54(13)˚ 

CMDMB 1.40(9)˚ 

 
CONCLUSION  

The detailed conformational analysis on 
bond lengths, bond angles, torsion angles of two 
related benzoxazole derivatives and other closely 
related compounds indicates that the benzoxazole 
moiety is planar. The bond lengths, bond angles 
and torsion angles in the two related compounds 
are in good agreement with the expected values 
and are largely comparable with the corresponding 
values reported in the related structures values 
and they prove to be planar in conformation. 
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Abstract 

 

Radioactive nuclei in the fields of industry and unmanned spacecrafts are the potential applications today with the 

well known medical and agricultural uses. The phenomenon of emitting particles by radioisotopes in the region of superheavy 

is discussed by considering the kinetic energy of the alpha particle emitted and thus to be useful in half-life prediction. The 

sphericity and magicity in this region is also discussed by predicting the most probable region of spherical isotopes. 

 

Introduction 

Researchers in nearly all fields of science 
use radioisotopes in their work. Radiation 
processing is a physical process in which food 
and agricultural commodities are exposed to 
controlled doses of radiant energy to achieve 
desirable effects such as inhibition of sprouting, 
ripening and destroying insect pests, parasites, 
pathogenic and spoilage bacteria. Food irradiation 
kills bacteria, insects and parasites that can cause 
food-borne diseases, such as salmonella, trichinosis 
and cholera. It does not make the food 
radioactive, and it does not affect food’s 
attributes such as nutritional adequacy, flavour, 
aroma and safety. 

In addition to the well known applications 
of radioactive elements in agriculture and 
medicine, today, practically every industry uses 
radiation in some way. Radioisotopes are used as 
imaging devices, to inspect finished goods for 
weaknesses and flaws, as tracers in process 
materials. These are also used in industry to 
inspect metal parts and welds for defects; to 
measure, monitor and control the thickness of 
sheet metal, textiles, paper napkins, newspaper, 
plastics, photographic film and other products; 
to calibrate instruments; to manufacture ceramics 
and glassware; and to generate heat or power for 
remote weather stations, space satellites and 
other special applications. 

Unmanned spacecraft rely on radioisotope 
thermoelectric generators (RTGs) for the power 
they need for space exploration. RTGs use heat 
from plutonium to generate electricity. They are 

safe, reliable and long-lived, even in the harsh 
climate of our solar system. For example, 
Voyager 1, (launched in 1977), is at the edge of 
the solar system is still transmitting data. In 
addition to Voyager 1 & 2, RTGs have powered 
the missions like Galileo, Ulysses, Cassini and 
New Horizons spacecraft, etc. RTGs are essential 
for exploration in deep space, where spacecrafts 
are too far from the sun to use solar power. 
Hydrogel, Master-Slave Manipulator, Indian 
Environmental Radiation Monitoring Network 
and Dip N Drink Membrane Pouch are the other 
technological developments in nuclear industry. 

To know about the phenomenon of 
nuclear radioactivity, it is very essential to have a 
knowledge about its location in the nuclear 
chart, its production and possible decay modes. 
While formation of the compound nucleus 
either by fusion or by bombardment it will be in 
excited state and which tries to come to its stable 
state by emitting either alpha, beta, gamma 
radiations or any particle or by fission. The 
knowledge about the structure of the nucleus 
and its alpha decay and the stability against 
fission or decay may provide the knowledge 
about the radioactive process. The structural effect 
on the stability or magicity of the nuclei located 
in the upper right end corner of the nuclear 
chart is discussed in the following sections. 
 

Alpha Decay of Superheavy Nuclei 

The prediction of the existence of 
superheavy nucleus (SHN) in 1960s, created an 
enthusiasm in synthesis and identification of 
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SHN, worldwide. A number of theories have 
been applied to predict the most stable nucleus 
in the superheavy region. But the location of the 
closed shell in the island of stability is still 
uncertain. Beyond the closed spherical shells at 
Z=82 & N=126, deformed shell closures at 
Z=108 & N=162 has been identified [1], but the 
next spherical shell closure is still open and 
different theoretical approaches predicted different 
spherical shell closures, depending on the model 
employed. While the macro-micro models 
favour Z=114 & N=184, the relativistic mean-
field approaches generally prefer Z=120 & 
N=172 and self consistent Skyrme Hatree-Fock 
calculations focus at Z=126 & N=184. From 
the results obtained in recent years it is expected 
that there is a resemblance of lighter region of 
the nuclear chart in the upper right end corner. 

Besides shell effects in the stability of 
SHN, the α-decay or spontaneous fission (SF) 
took important role. SHN with atomic number 
beyond 110 predominantly undergo sequential 
α-decay terminated by SF. In experiment, the 
measurement is mainly α-decay Q-values and 
half-lives, while the major goal of the theory is 
to predict the half-lives to serve the experimental 
design. Q-value, one of the crucial quantity for a 
quantitative prediction of decay half-life, affects 
strongly the calculation of the half-life due to 
the exponential law, i.e., α-decay rates exhibit an 
exponential dependence (Geigger – Nuttall) on 
emission energy. Therefore it is extremely important 
and necessary to obtain an accurate theoretical 
Q-value for a reliable half-life prediction. In fact, 
it is a challenge to interpret the existing decay 
data in literature, with theoretical models in 
order to better understanding the complex 
nuclear structure phenomena and reaction 
mechanism. For the study of SHN, mostly, 
macroscopic-microscopic approach is used [2] 
and some mass formulae were proposed that 
combine the liquid-drop ideology with the shell-
model corrections of Strutinsky or Mayers-
Swiatecki[3] and some empirical formulae. In 
order to improve the agreement with experiment, 
different corrections were introduced in the 
mass formula by different authors, but it is 
claimed that the original simple physical sense 

will be lost and question its adequacy to the 
fulfillment of the requirements of experiment. 

In recent experiments, α decay has been 
indispensable for the identification of new 
nuclides. During the experimental design the 
values of the α-decay half-lives have to be 
evaluated and hence it is quite important and 
necessary to investigate the α decay of SHN 
theoretically. Although α-decay is very useful for 
the study of the nuclei, a quantitative description 
of them with a satisfying accuracy is difficult. 
Initially the α decay was interpreted as a consequence 
of quantum penetration of α-particle. At 
present, many theoretical approaches have been 
being used to describe the α-decay in fission 
theories. The half-life is extremely sensitive to 
the α-decay Q-value and an uncertainty of 1 
MeV in Q-value corresponds to an uncertainty 
of α-decay half-life ranging from 103 to 105 
times in the heavy element region [4]. 
 

Alpha Decay Q-value 

Alpha decay is one of the most important 
properties of atomic nuclei, which is a powerful 
tool for the study of nuclei at the limit of 
stability (drip line), the closed shell nuclei and of 
heavy and superheavy nuclei. For the SHN, the 
α decay plays a key role since it determines the 
limit of their existence and allows to identify 
new elements. 

The mass of the nuclei is calculated by 
computing the existing binding energy formula, 

∆W(A,Z)= αA- βA2/3 - γZ2/A1/3 - ξ((A/2)-

Z)2/A + δA-3/4, with the parameters, α=15.75MeV, 

β=17.8MeV, γ=0.71MeV, ξ=94.8MeV and 

|δ|=34MeV, and hence the mass, M(A,Z) =  

Zmp + (A-Z)mn - ∆W(A,Z), where mp and mn 
are the proton and neutron masses respectively. 

The α-particle energy, Eα = [M(A,Z) – M(A-4, 

Z-2)-M(4He)]c2. In order for α-decay to occur, 

energy must be conserved, such that Q-values 

for α-decay can be determined [5] 

Qα = A Eα/(A-4) + [6.53(Z-2)7/5 – 8(Z-2)2/5]10-5. 

The discrepancy appeared between the 

calculated Qα values with the Qαexp is corrected 

with the term,  (–ln2) and is shown in Fig.1 And 
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hence the calculation is extended further to 290 
nuclides in the SHN region (e-e, e-o, o-e, o-o) 

with 110 ≤ Z ≤ 128, and the Qα are plotted 
against Z, which is shown in Fig.3.  
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Fig. 1 Qα modified and Experimental Qα 

The Q-value of the α-decay for odd Z 

nuclei are higher than even Z up to Z=120 and 
vice versa for Z >120, i.e., a major shift in the 
Q-value is observed, which is greatly influenced 
by shell effects. This may indicate the signature 
of sub-shell closure at Z=120, similar to the 
relativistic mean field prediction of next 
spherical shell closure [6]. Thus the existence of 
a shell effect (shell closure) is predicted at 
Z=120. Then, the obtained decay energies are 
used for the calculation of the decay half-lives 
using Viola-Seaborg formula [7]. 
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Fig. 2. Predicted Qα for Superheavy Nuclei,  

110 ≤ Z ≤ 128. 
 
Nuclear Structure in Superheavy region 

The superheavy nuclei differ from 
stable nuclei by their larger charge and mass 
number. The strong coulomb potential induces 
significant changes in the proton shell structure. 

The large mass number of superheavy nucleus 
leads to a high average density of single particle 
levels and a small shift in position of it can 
influence the strength of single particle gaps and 
be crucial for determining shell stability of the 
nucleus. The large negative shell correction 
energy obtained for superheavy elements may 
responsible for the stability of the superheavy 
nuclei. 

The formation of superheavy nuclei is 
either through hot or cold nuclear fusion and 
during this process the internal excitation of the 
single particles is to be considered effectively. 
Hence treating the system as a thermodynamical 
one is more suitable to find out the deformation 
of the system at different parametric consideration 
and so the statistical model is followed. Shell 
corrections to the nuclear free energy are 
temperature dependent. Nuclear structure 
effects upon the value of the level density 
parameter have been considered by the inclusion 
of shell corrections, pairing correlations and 
collective excitations. 

Among the range of nuclei considered, 
from Z=120 to Z=126 with N=156 to 210, the 
shape of the nuclides around mass number 
A=290-320 for the systems Z=120-123 are 
spherical and for Z=124-126, the nuclides with 
A>300 show spherical configuration. Considering 
the shape transition, the range of the superheavy 
nuclei from 120-126 may be divided into two 
parts as, 120-123 and 124-126. The neutron 
number dependence for all the studied seven 
systems gave similar effects. The nuclei with 
Z=120, 121, 122 are having shape transition 
from prolate deformed to oblate deformed via 
spherical with increasing neutron number, while 
the nuclei from Z=124 to Z=126, transition is 
like a circle such as, triaxial, oblate, spherical, 

oblate and triaxial(γ= - 160o; δ=0.2 ); no prolate 
deformation is observed in this region. Only 
Z=123 changes its shape from triaxial to oblate 
via spherical with increase in neutron number. 

The nucleus Z=120 behaves as spherical 
when N=168-200, and further increase of N 
makes the nucleus deformed (δ=0.1) in oblate 

(γ=-180o) shape. The nucleus 290-324122 is spherical 
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in shape and decrease in N makes the nucleus 

prolate deformation (δ = 0.1; γ = - 120o) and 

increase of N makes it oblate deformed (δ = 0.1; 

γ = - 180o). Compared to the nuclei Z = 120 - 122, 

the nuclei with Z = 123 - 126 are more oblate 

deformed (δ = 0.2; γ = -180o). 

As per the neutron separation energy 

obtained from the relation SN = -∑i [ni
Nlnni

N + 

(1-ni
N) ln(1-ni

N)] where ni
N is the average 

occupation probability for neutron, for the 
nucleus Z=122, the most stable isotope is 
302122, compared to all other isotopes from A= 
282 - 320 which coincides with the report of 
Patra et al.[9]. 

 
Fig. 3. Calculated ground state quadrupole 

deformation for SHN 
 

The grouping of the ground state 
quadrupole deformation effect of around 350 
nuclides in the superheavy region from Z = 120-126 
is plotted in Fig.3. The higher deformations are 
obtained only either oblate or triaxial state. 
From the plot it is evidenced that the nucleus  
Z = 120 is having more isotopes with zero 
deformation at their ground state than the 
nucleus Z = 126. Hence, by considering the 
shape of the nucleus, among the nuclei studied 
from A = 120 to A = 126, the more stable 
nucleus seems to be Z = 120 rather than Z = 126, 
which may be correlated with the next proton 
shell closure beyond 208Pb; which is in 
agreement with Adamian et al [10]. 
 
Summary 

The radioactive properties and its 
applications in the new fields such as industry, 
and space missions are discussed. The most 

possible decay mode in the superheavy region, 
the alpha decay, is analysed by modifying the  
Q-value according to the experimental results 
and the calculations for around 290 isotopes are 
predicted. Since the role of deformation causing 
structural changes took a major role in predicting 
the next magic nucleus, the statistical theory is 
coded and the quadrupole deformation effect of 
350 isotopes are predicted and grouped together 
to obtain the most probable region of occurrence 
of next magicity and from our calculations 
Z=120 will be having more number of spherical 
isotopes compared to the neighbouring nuclei. 
The change in shape with respect to angular 
momentum is also discussed. Since the 
deformed magic nuclei in the superheavy region 
is quite common, the neutron separation energy 
calculations performed reveals that the next 
most stable isotope may be 302122. 
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Abstract 

 
In recent decades, fuel cell technology has been undergoing revolutionary developments, with fundamental progress 

being the replacement of electrolyte solutions with polymer electrolytes, making the device more compact in size and higher in 
power density. Nowadays, acidic polymer electrolytes, typically Nafion, are widely used. Despite great success, fuel cells based 
on acidic polyelectrolyte still depend heavily on noble metal catalysts, predominantly platinum (Pt), thus increasing the cost 

and hampering the widespread application of fuel cells. Here, we report a type of polymer electrolyte fuel cells (PEFC) 
employing a hydroxide ion-conductive polymer, quaternary ammonium polysulphone, as alkaline electrolyte and nonprecious 
metals, chromium-decorated nickel and silver, as the catalyst for the negative and positive electrodes, respectively. In addition 
to the development of a high-performance alkaline polymer electrolyte particularly suitable for fuel cells, key progress has been 
achieved in catalyst tailoring: The surface electronic structure of nickel has been tuned to suppress selectively the surface 
oxidative passivation with retained activity toward hydrogen oxidation. This report of a H2–O2 PEFC completely free from 
noble metal catalysts in both the positive and negative electrodes represents an important advancement in the research and 
development of fuel cells.  
 
FUEL CELLS 

A fuel cell is a device that converts the 
chemical energy from a fuel into electricity 
through a chemical reaction with oxygen or 
another oxidizing agent.[1] Hydrogen is the most 
common fuel but hydrocarbons such as natural 
gas and alcohols like methanol are sometimes 
used. Fuel cells are different from batteries in 
that they require a constant source of fuel and 
oxygen to run, but they can produce electricity 
continually for as long as these inputs are 
supplied. 

Overall reaction: 2H2(gas) + O2(gas) →2H2O + energy 

Because hydrogen and oxygen gases are 
electrochemically converted into water, fuel cells 
have many advantages over heat engines. These 
include: high efficiency, virtually silent operation 
and, if hydrogen is the fuel, there are no 
pollutant emissions. If the hydrogen is produced 
from renewable energy sources, then the electrical 
power produced can be truly sustainable.  
 
Alkaline Fuel Cell Technology 

Alkali fuel cells operate on compressed 
hydrogen and oxygen and generally use a 
solution of potassium hydroxide in water as 
their electrolyte. Operating temperatures inside 
alkali cells are around 90 to 100 degrees C. In 

these cells, hydroxyl ions (OH-) migrate from 
the cathode to the anode. 

At the anode hydrogen gas reacts with 
the OH- ions to produce water and release 
electrons.[2] Electrons generated at the anode 
supply electrical power to an external circuit 
then return to the cathode. There are electrons 
react with oxygen and water to produce more 
hydroxyl ions that diffuse into the electrolyte. 
Cathode reaction faster in alkaline electrolyte 
leads to high performance, and low cost 
components these are advantages of alkaline fuel 
cell. One major advantage of alkaline fuel cell is 
they were used in Apollo space craft to produce 
both electricity and drinking water. 

Alkaline fuel cell:  
Anode reaction: 2H2 + 4OH- → 4H2O + 4e- 

Cathode reaction: O2 + 4e- + 2H2O → 4OH- 

Overall reaction: 2H2 + O2 →2H2O 

The Oxygen reduction in alkaline 
environments is more favourable than in acid 
environments, i.e., the voltage drop is lower. It 
yields the highest voltage at comparable current 
densities, leading to a higher efficiency of the 
system. 

Consequently, the use of smaller 
amounts of noble metal electrocatalysts and the 
use of non-noble metal catalysts is more favourable 
in an AFC than in any other system. AFCs also 



V. Marypradeepa        Alkaline Polymer Electrolyte Fuel Cells 

BSC         IJCR   

 
Page 26 

 

operate well at room temperature and have a 
good cold start capability. 

However, a major disadvantage is the 
CO2 sensitivity of the alkaline electrolytes as 
alkaline electrolytes as carbonates are formed. In 
strong alkaline environments, the solubility of 
carbonates is rather poor. 
 

 
Fig. 1 

 
This leads to the formation of carbonate 

crystals, capable of blocking electrolyte pathways 
and electrolyte pores. 

CO2 + 2OH- → CO3
2- + H2O 

Alkali fuel cells operate at efficiencies 
up to 70 percent and, like other fuel cells, create 
little pollution. Because they produce potable 
water in addition to electricity, they have been a 
logical choice for spacecraft. A major drawback, 
however, is that alkali cells need very pure 
hydrogen or an unwanted chemical reaction 
forms a solid carbonate that interferes with 
chemical reactions inside the cell.[3] Since most 
methods of generating hydrogen from other 
fuels produce some carbon dioxide, this need 
for pure hydrogen has slowed work on alkali 
fuel cells in recent years. Another drawback has 
been the need for large amounts of a costly 
platinum catalyst to speed up the reaction. 
Researchers have worked to reduce the amount 
of platinum needed, and have eliminated the 
metal entirely from some designs. 
 
Applications of Alkaline fuel cells 

• Fuel cells are efficient: They convert 
hydrogen and oxygen directly into electricity 
and water, with no combustion in the 
process. The resulting efficiency is between 
50 and 60%, about double, that of an 
internal combustion engine.[4] 

• Fuel cells are clean: If hydrogen is the 
fuel, there are no pollutant emissions from a 
fuel cell itself, only the production of pure 
water. In contrast to an internal combustion 
engine, a fuel cell produces no emissions of 
sulphur dioxide, which can lead to acid rain, 
nor nitrogen oxides which produce smog or 
dust particulates.[4] 

• Fuel cells are quite: A fuel cell itself has 
no moving parts, although a fuel cell system 
may have pumps and fans. As a result, 
electrical power is produced relatively 
silently. Many hotels and resorts in quite 
locations, for example, could replace diesel 
engine generators with fuel cells for both 
main power supply or for backup power in 
the event of power outages.  

• Fuel cells are modular: That is, fuel cells 
of varying sizes can be stacked together to 
meet a required power demand. As 
mentioned earlier, fuel cells can provide 
power over a large range, from a few watts 
to megawatts. 

• Fuel cells are environmentally safe: they 
produce no hazardouswaste products, and 
their only by-product is water (or carbon 
dioxide in the case of methanol cells).[4] 

Fuel cells may give us the opportunity 
to provide the world with sustainable electrical 
power. 
 

Alkaline polymer electrolyte 
In recent decades, fuel cell technology 

has been undergoing revolutionary developments, 
with fundamental progress being the replacement 
of electrolyte solutions with polymer electrolytes, 
making the device more compact in size and 
higher in power density. Nowadays, acidic 
polymer electrolytes, typically Nafion, are widely 
used. 
 
NAFION 

 
2.1 



ISSN No: 2347-9213         Vol. 2, March 2015 

BSC         IJCR   

 
Page 27 

 

Nafion is a sulfonatedtetrafluoroethylene 
based fluoropolymer-copolymer discovered in 
the late 1960s by Walther Grot of DuPont.[5] It 
is the first of a class of synthetic polymers with 
ionic properties which are called ionomers. 
Nafion's unique ionic properties are a result of 
incorporating perfluorovinyl ether groups terminated 
with sulfonate groups onto a tetrafluoroethylene 
(Teflon) backbone.[6]Nafion has received a 
considerable amount of attention as a proton 
conductor for proton exchange membrane 
(PEM) fuel cells because of its excellent thermal 
and mechanical stability. 

The chemical basis of Nafion's superior 
conductive properties remain a focus of 
research. Protons on the SO3H (sulfonic acid) 
groups "hop" from one acid site to another. 
Pores allow movement of cations but the 
membranes do not conduct anions or electrons. 
Nafion can be manufactured with various 
cationic conductivities. 
 
Nomenclature and molecular weight 

Nafion can be produced as both a 
powder resin and a copolymer. It has various 
chemical configurations and thus several chemical 
names in the IUPAC system. Nafion-H, for 
example, includes the following systematic 
names: 
• From Chemical Abstracts: ethanesulfonyl 

fluoride, 2-[1-[difluoro-[(trifluoroethenyl)oxy]methyl]- 
1,2,2,2-tetrafluoroethoxy]-1,1,2,2,-tetrafluoro-, 
with tetrafluoroethylene 

• tetrafluoroethylene-perfluoro-3,6-dioxa-4-
methyl-7-octenesulfonic acid copolymer 

The molecular weight of Nafion is 
uncertain due to differences in processing and 
solution morphology.[11] The structure of a 
Nafion unit, shown at the top of the page, 
illustrates the variability of the material; for 
example, the most basic monomer contains 
chain variation between the ether groups (the z 
subscript). Conventional methods of 
determining molecular weight such as light 
scattering and gel permeation chromatography 
are not applicable because Nafion is of course 
insoluble, although the molecular weight has 
been estimated at 105–106 Da. Instead, the 
equivalent weight (EW) and material thickness 

are used to describe most commercially available 
membranes.  

The EW is defined as the weight of 
Nafion (in molecular mass) per sulfonic acid 
group.[7] For example, Nafion 117 represents 
1100 g EW + 0.007 inch in thickness. In contrast 
equivalent weight, conventional ion-exchange 
resins are usually described in terms of their ion 
exchange capacity (IEC) which is the multiplicative 
inverse or reciprocal of the equivalent weight. 

IEC = 1/EW 
 

Preparation 
Nafion derivatives are first synthesized 

by the copolymerization of tetrafluoroethylene 
(TFE) (the monomer in Teflon) and a derivative 
of a perfluoro (alkyl vinyl ether) with sulfonyl 
acid fluoride. The latter reagent can be prepared 
by the pyrolysis of its respective oxide or 
carboxylic acid to give the olefinated structure.[8] 

The resulting product is an -SO2F-
containing thermoplastic that is extruded into 
films. Hot aqueous NaOH converts these 
sulfonyl fluoride (-SO2F) groups into sulfonate 
groups (-SO3

−Na+). This form of Nafion, 
referred to as the neutral or salt form, is finally 
converted to the acid form containing the 
sulfonic acid (-SO3H) groups. Nafion can be 
cast into thin films by heating in aqueous 
alcohol at 250 °C in an autoclave. By this 
process, Nafion can be used to generate 
composite films, coat electrodes, or repair 
damaged membranes. [8] 

 
Properties 

The combination of the stable Teflon 
backbone with the acidic sulfonic groups gives 
Nafion its characteristics: [9] 

• It is highly conductive to cations, making it 
suitable for many membrane applications. 

• It resists chemical attack. According to 
DuPont, only alkali metals (particularly sodium) 
can degrade Nafion under normal temperatures 
and pressures. 

• The Teflon backbone interlaced with the 
ionic sulfonate groups gives Nafion a high 
operating temperature, e.g. up to 190°C, 
however, in membrane form, this is not 
possible due to the loss of water and 
mechanical strength. 
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• It is a superacid catalyst. The combination 
of fluorinated backbone, sulfonic acid 
groups, and the stabilizing effect of the 
polymer matrix make Nafion a very strong 
acid, with pKa ~ -6. In this respect Nafion 
resembles the trifluoromethanesulfonic acid, 
CF3SO3H, although Nafion is a weaker acid 
by at least three orders of magnitude. 

• It is selectively and highly permeable to 
water. 

 
Result and discussion 
POWER MEASUREMENT 

Cyclic voltammetry is the only 
electrochemical technique that may be used for 
evaluation of the kinetic parameters of 
heterogeneous electron transfer processes. The 
kinetic energy of oxidation reduction reactions 
obtained from cyclic voltammetry may be 
utilized to predict the utility of a given catalyst in 
catalyzing certain electrochemical processes. 

The main factor for the increased fuel 
cell performance with temperature is the 
increase of electrolyte conductivity and not to 
enhanced electrode kinetics. Operation of the 
fuel cell at higher temperature might lead to the 
fuel cell performance. 

The effect of KOH concentration on 
the ionic conductivity of Nafions 115 polymer 
electrolyte could be attributed decreased 
crystallinity of Nafion115 polymer with 
increasing KOH concentration. This is also 
increased the concentration conductive OH- 

ions in the polymer matrix. The optimum 
concentration was controlled at 40-60 wt % in 
Nafion matrix and higher pt leading is more 
suitable for obtaining high performance. 

The graph 1 shows that in the alkaline 
polymer electrolyte voltage decreases the current 
also decreases, at a particular voltage current 
attain a peak value and suddenly decreased. In 
this graph there is no intersection. Because 
Nafion matrix and higher pt leading is more 
suitable for obtaining high performance. And 
the graph 2 is similar to 1 but in the alkaline fuel 
cell with nickel electrode some fluctuations 
occur due to the temperature. This shows that 
alkaline polymer electrolyte membrane fuel cells 
gave a better result when compared to alkaline 
fuel cells.  

 
Fig. 1 
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Fig.2 
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CONCLUSION 
Ionic conductivity of membrane was 

measured at 80·C and reached maximum value 
for the thickness of Nafion115 doped with 4M 
KOH solution. Result showed excellent current- 
voltage characteristics from cyclic voltammetry 
test. The performance of the APEM system 
investigated shows a strong dependence on 
electrolyte concentration. The optimum conditions 
for the system investigated are 80·C and 4M dm-3 
KOH gave performance of 60 W cm-2at 25V. 
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GLOSSARY 

FC : Fuelcells 
AFC : Alkaline Fuelcells 
APMFC: Alkaline Polymer Membrane  

Fuelcells 
KOH  : Potassium hydroxide 
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IEM : Ion Exchange Membrane 
TFE : Tetrafluroethylene 
PTFE  : Polytetrafluroethylene 
EW : Equivalent Weight 

CV : Cyclic Voltammetry 
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Abstract 

 

During the last three decades, a rapid growth in various areas of technology has been noticed especially in wireless 

communications, which has a large role in facilitating human life. Cell phone technology has revolutionized the 

telecommunication scenario in the world. The number of cell phones and cell towers keep on increasing exponentially without 

consideration to its disadvantages especially to the human users and the environment. All over the world, people have been 

debating about associated health risks due to electromagnetic radiation from cell phones and cell towers. The study was done 

on radiation emitted from cell phone towers and the preventive measures from the radiations emitted from cell phone towers 

were listed in order save human life. 

Key words: Mobile phones, radiations, health hazards. 
 

INTRODUCTION 

Cell phone technology has several 
advantages and has grown rapidly in the last 
decade. In India, there are nearly 80 crores cell 
phone subscribers and around 4.5 lakhs cell 
phone towers. Numbers of cell phones and cell 
towers are increasing without considering its 
disadvantages. All over the world, people have 
been debating about associated health risks due 
to electromagnetic radiation from cell phones 
and cell towers. There are several reports in the 
media and scientific literature. 

A cell phone transmits 1 to 2 Watt of 
power in the frequency range of 824 to 849 
MHz (CDMA), 890 to 915 MHz (GSM900), 
1710 to 1780 MHz (GSM1800) and 1920 – 1980 
MHz (3G). Radiation from cell phone is defined 
by its SAR (Specific Absorption Rate) value. In 
USA, SAR limit for cell phones is 1.6W/Kg, 
which is actually for 6 minutes per day use. It 
has a safety margin of 3 to 4, so a person should 
not use cell phone for more than 18 to 24 
minutes per day. This information is not 
commonly known to the people in India, so 
crores of people use cell phones for more than 
an hour per day without realizing its associated 
health hazards. Majority of the people have 
reported that if they use cell phones for more 
than 20 minutes, their ear lobes get warm, which 

is due to heating of blood by microwave energy 
of cell phones. The problem starts with a pain in 
the ear that gradually develops into tinnitus or a 
ringing sensation which finally leads to hearing 
loss and ear tumor. Also, overuse of cell phones 
leads to drying of the skin and fluid in the eyes, 
sleep disorder, lack of concentration, memory 
loss, and even cancer. 

International Agency for Research in 
Cancer (IARC), part of WHO (World Health 
Organization), designated cell phones as 

“Possible Human Carcinogen”.  They found 

evidence of increase in glioma and acoustic 
neuroma brain cancer for excessive cell phone 
users. 

At many places, cell phone towers are 
mounted on the roof top of residential/ 
commercial buildings. Even though antenna 
radiates less power vertically down but the 
distance between the antenna and top floor is 
usually a few meters, so the radiation level in the 
top two floors remain very high. 
 

EXPERIMENTAL WORK 
Intensity of the radio frequency radiation 

can be defined as the Radiant energy emitted, 
reflected, transmitted or received, per unit time. 
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This is sometimes also called "radiant power" it 
is measured in watt (W or J/s). 

 
Table 1.1 shows the measured values of 

radiation emitted from a cell phone tower 

Distance in meter Radiation in watt 

5 1052.7 

10 982.6 

15 980.0 

20 843.7 

25 758.9 

30 704.1 

35 686.2 

40 622.1 

45 590.9 

50 543.5 

55 524.4 

60 480.1 

65 447.7 

70 421.6 

75 395.4 

80 975.4 

85 356.9 

90 327.4 

95 319.2 

100 286.4 

Table 1.1 

 
Table 1.2 shows the measured values of 

radiation emitted from a cell phone tower 

for two floors. 

Radiations emitted from mobile tower from 
Distance 

in meter Ground floor First floor 
Second 

floor 

1 478.8 976.4 1242.2 

2 352.9 796.4 1261.7 

3 245.7 670.9 1182.8 

4 276.1 500.9 1112.5 

5 335.7 666.3 1066.3 

6 272.9 558.1 992.4 

7 215.7 484.8 976.6 

8 178.6 421.9 975.2 

9 263.5 382.2 937.5 

10 252.9 581.7 1012.6 

11 164.1 522.3 1261.7 

12 146.4 454.5 1242.2 

 
 

 
 
BIOLOGICAL EFFECTS 
Increase in cancer risk 

Heavy use of mobile phones can cause 
cancer. Use of mobile phones for >10 years give 
a consistent pattern of increased risk for brain 
cancer  glioma (cancer of the glial cells that 
support the central nervous system) and 
acoustic neuroma (a benign tumor in the brain 
on a nerve related to hearing).  

The risk is highest for ipsilateral (on the 
same side of the head where the cell phone is 
held) exposure. Children and teenagers, before 
the age of 20 are five times more likely to get 
brain cancer, as their brain is not fully developed 
and radiation penetration is much deeper. It is 
possible that today's young people may suffer an 
"epidemic" of the disease in later life. Besides 
increase in brain tumour and acoustic neuroma, 
there is an increased risk of several other types 
of cancers following prolonged exposure to 
mobile phone/ tower radiation, such as, Salivary 
gland tumors, uveal melanoma, lymphoma, 
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facial nerve tumors, skin, blood, testicular and 
breast cancer. Interphone study has also found a 
‘significantly increased risk’ of some brain 
tumors for heavy users of mobile phones (> 20 
minutes per day) for a period of 10 years or 
more. It is suggested that children should be 
discouraged from using mobile phones and 
restrict use to emergency while adults should 
“keep calls short”. 
 
DNA Damage 

Cellular telephone frequencies can lead 
to damaged DNA. Studies show that microwave 
exposure at levels below the current FCC 
exposure standard, produces single and double 
strand breaks in DNA. EMR causes membrane 
leakage due to loss of calcium ions. Leaks in the 
membranes of lysosomes (small bodies in living 
cells packed with digestive enzymes) release 
DNAase (an enzyme that destroys DNA), which 
explains the fragmentation of DNA seen in cells 
exposed to mobile phone signals. 

Microwave radiation can also interfere 
with the natural processes involved in DNA 
replication and repair, by subtly altering 
molecular conformation (architecture). Another 
possibility of DNA damage is via free radical 
formation inside cells. Free radicals kill cells by 
damaging macromolecules, such as DNA, 
protein and membrane and are shown to be 
carcinogenic. Several reports have indicated that 
electromagnetic fields (EMF) enhance free 
radical activity in cells as shown in Figure 3.2. 
The Fenton reaction is a catalytic process of 
iron to convert hydrogen peroxides, a product 
of oxidative respiration in the mitochondria, 
into hydroxyl free radical, which is a very potent 
and toxic free radical. Thus EMF affects the 
DNA via an indirect secondary process. 

 

Damage to DNA is a central 
mechanism for developing tumors and cancer. 
When the rate of damage to DNA exceeds the 
rate at which DNA can be repaired, there is the 
possibility of retaining mutations and initiating 
cancer. DNA damage in brain cells can affect 
neurological functions and also possibly lead to 
neurodegenerative diseases."In old people, the 
gene repair system is not as effective as it is in 
younger people, makes them more vulnerable." 

 
Risk to children and pregnant women 

Children are more vulnerable to cell 
phone radiation as they: 

• Absorb more energy than adults from the same 
phone owing to their smaller head and brain 
size, thinner cranial bones and skin, thinner, 
more elastic ears, lower blood cell volume, as 
well as greater conductivity of nerve cells and 
the energy penetrate more deeply. Tumors in 
the mid brain are more deadly than in the 
temporal lobe, 

• Children’s cells reproduce more quickly than 
adults which makes cancers more deadly,  

• There immune system is not as well developed 
as adults hence are less effective against fighting 
cancer growth, 

• Children have longer life time exposure. 
Absorption of electromagnetic radiation from a 
cell phone (Frequency - GSM 900 MHz) is 
shown in Fig. 5 by an adult, 10 year old and a 5 
year old child. When radiation hits the head, it 
penetrates the skull. The yellow area at the 
bottom is the location of the cell phone by the 
ear. The radiation penetrates the skull of an 
adult (25%), 10 year old (50%) and a 5 year old 
(75%). 
 

 
Figure 3.1 Absorption of electromagnetic 

radiation from a cell phone based on age 

(Frequency GSM 900 MHz) 

 



M. Anusha Devi & N. Rajarajeswari   A Study On Radiations Emitted From Mobile Towers And Its Biological Effects 

BSC         IJCR   

 
Page 34 

 

The younger the child, the deeper is the 
penetration due to the fact that their skulls are 
thinner and still developing. For these reasons it 
is critical that children under the age of 16 use 
cell phones only for short essential calls as they 
have much bigger danger of getting a brain 
tumor. Brain tumors have now taken over 
leukemia as the biggest cause of death amongst 
children. Due to these reasons countries like 
Belgium, France, Finland, Germany, Russia and 
Israel have publicly discouraged use of cell 
phones by children. An Independent research in 
Sweden last year concluded there was an 
Astonishing 420 percent increased chance of 
getting brain cancer for cell phone users who 
were teenagers or younger when they first 
started using their phones. A pregnant woman 
and the fetus both are vulnerable because of the 
fact that these RF radiations Continuously react 
with the developing embryo and increasing cells. 
Microwave radiation can damage the placental 
barrier; the membrane which prevents the 
passage of some materials between the maternal 
and fetal blood, protecting the fetus, implying 
that pregnant woman should avoid cell phone or 
use during emergency.  

In a recent finding, an association was 
found between a mother’s cell phone use during 
pregnancy and greater likelihood for 
spontaneous abortion, congenital malformations 
and behavioral problems in their children. It is 
believed that the eggs, which form the embryo, 
are affected and the damage will become 
apparent after the child reaches puberty. The 
Russian National Committee on Non-Ionizing 
Radiation Protection says that use of the phones 
by both pregnant women and children should 
be "limited". It concludes that children who talk 
on the handsets are likely to suffer from 
"disruption of memory, decline of attention, 
diminishing learning and cognitive abilities, 
increased irritability" in the short term, and that 
long-term hazards include "depressive 
syndrome" and "degeneration of the nervous 
structures of the brain". 

 

CONCLUSION 
The seriousness of the health hazards 

due to radiation from the cell phones and cell 
towers has not been realized among the 
common man. Cell operators continue to claim 
that there are no health issues. Even 
organizations like WHO, ICNIRP, FCC, etc. 
have not recommended stricter safe radiation 
guidelines. Cell phone/tower radiation is worse 
than smoking; as one cannot see it or smell it, 
and its effect on health is noted after a long 
period of exposure. Therefore, most of people 
tend to have casualness towards personal 
protection. Unfortunately, ignorance and non-
awareness adds to this misery and all of us are 
absorbing this slow poison unknowingly. Even 
if people are aware of the radiation hazard, they 
may not have the choice to move away from it if 
the tower is installed near their office or 
residential building. 

The radiations emitted from cell phone 
tower is more dangerous. We can’t avoid the 
usage of cell phones. But we can reduce the 
usage of mobile phone by availing landlines, e-
mails, letters etc. we can avoid installation of 
towers near residential buildings, schools, 
hospitals and reduce the usage of cell phone for 
living long live.  
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Abstract 

 

Single crystals of Aloe vera’s natural amino acid added with potassium dihydrogen orthophosphate (abbreviated as 

ANAKDP) have been grown by slow evaporation method at ambient temperature.    Good quality single crystals of 
dimensions 2.5x0.5x0.5 cm3 were grown within the time span of 20-25 days.  The extract is taken from the three years old 
Aloevera leaves and is subjected to High Performance Liquid Chromatography (HPLC) for the identification of amino acids 
present in the extract.   The presence of amino acids in the grown ANAKDP crystals is confirmed by Thin Layer 
Chromatography (TLC) technique. The grown crystals were   subjected to single crystal X-ray diffraction for the 
determination of unit cell dimensions and powder XRD for crystalline nature of the grown crystal.   The thermal analyses 
namely TGA, DTA and DSC reveal the thermal stability. The  Vickers  micro hardness  test  was  done  to  know 
about  its  mechanical  strength. The mechanical properties of the crystal show that this material belongs to the category of 

hard material. 

Key words: Solution growth, optical crystal, high performance liquid chromatography, thin layer chromatography, scanning 

electron microscope, micro hardness. 

 

Introduction 

Non linear optics has emerged as one 
of the most attractive field of current research in 
view of its vital applications in the area of 
optical modulation, optical switching, optical 
logic, frequency shifting, high-speed information 
processing, optical communications and optical 
data storage for developing technologies in 
telecommunication and signal processing and 
different optoelectronics applications [1, 2].  In 
the last years much attention has been paid to 
organic NLO materials due to their large 
nonlinear response, extremely fast switching 
time and convenient optimization routes 
through molecular engineering compared to the 
inorganic materials as the promising applications 
in optoelectronics [3,4]. Hence, the new types of 
NLO materials have been built from organic–
inorganic complexes, in which the high optical 
nonlinearity of a purely organic compound is 

combined with the favourable mechanical and 
thermal properties of inorganic materials [5]. 
The very first material to be used and exploited 
for its nonlinear optical (NLO) and electro-optic 
(EO) properties is potassium dihydrogen phosphate 
(KDP). Its isomorphs are representative of 
hydrogen bonded materials that posses important 
piezoelectric, ferroelectric, electro-optic and 
nonlinear optical properties. They have [6,7] 
attracted interest of many theoretical and 
experimental researchers probably because of 
their comparatively simple structure and very 
fascinating properties associated with a hydrogen 
bond system involving a large isotope effect, 
broad transparency range, a high optical damage 
threshold and relatively low production cost [8-10]. 
 Nowadays, the amino-acid family single 
crystals are gaining importance because they are 
highly feasible second-order NLO materials. 
They exhibit  specific  features  of  interest  such 
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as  permanent  magnetic  dipole moment, molecular 
chirality, which secures  non-centro  symmetric 
crystallographic  structure, the  absence  of  strong 
conjugated  bonds, which  lead  to  the  wide 
transparency  ranges  in the  visible  and  uv 
regions   and  the  zwitter  ionic  nature  of 
molecules,  which  favors  the  mechanical 
strength  of  the  crystal  for  applications  in 
devices  [11]. Aloe vera is the most important 
traditional herbal medicineIts botanical name is 
“Aloe Barbadensis Miller”. The  invention  of 
X-rays  and  atom  bomb  brought  Aloe vera 
into  popularity  as  it  protected  against  radiation 
burns.  From the literature [12-17]. It is found 
that the Aloevera contains amino acids, so we 
have extracted the natural amino acids from it, 
moderately at low cost. 
 
EXPERIMENTAL 

2.1. Phyto-chemical analysis 

2.1.1. Aloe Vera amino acid extracts preparation 

For this investigation the disease free, 3 
years old plant leaves are selected. The leaf 
consists of four layers namely rind, sap, 
mucilage and gel.  The gel portion is taken from 
the sterilized leaf.  Five grams of gel is kept in 
10 ml ethanol solvent. Then  these  are  grind 
with  the  help  of mortar  and  pestle  and  it  is 
subjected  to   centrifugation  for  10-15  min  at 
10,000  rpm.  The  supernatant  is  collected 
after  filtration  through  what Mann  no.1  filter 
paper  and  stored  for  further  studies [18]. 
 

2.1.2. High Performance Liquid Chromatography 

(HPLC) 

HPLC analysis was carried out by using 
scimadzu- spintron HPLC-530. Fig. (1) shows 
the  HPLC  graph  of  (time-voltage)  natural amino 
acid  extract  of  Aloe Vera.  From  this  analysis 
it  is  seen  that  there  are  five  different  peaks 
(among five peaks, one is unidentified) with 
various retention times, heights and areas.  From 
the recorded HPLC spectrum, the  amino acids 
present in our extract are identified as homo 
cystine, isoleucine, serine and tyrosine by 
matching the retention times with the known 
compounds, under similar conditions [19]. 

 
Fig. 1  High performance liquid 

chromatography (HPLC) of Aloe vera 

amino acid extract 

 
2.2. Crystal Growth 

The saturated solution of KDP (analar 
grade) was prepared and then added with Aloe 
Vera amino acids extract in equal weight 
proportions. It was stirred well using magnetic 
stirrer. That solution is filtered and transferred 
to crystal growth vessel and crystallization was 
allowed to take place by slow evaporation 
technique. Well-defined, transparent bio crystals 
were harvested within the time span of 20-25 
days. Hereafter the grown natural amino acid of 
Aloe Vera added KDP crystals are named as 
ANAKDP. 
 

RESULTS AND DISCUSSION 

3.1. X-ray diffraction analysis  

 In  order  to  obtain  the  unit   cell 
parameters  of  our grown   ANAKDP crystals, 
single  crystal  X-ray   diffraction  is  recorded by 
using BRUKER NONIUS CAD4 single crystal 
X-ray  diffractometer and  powder XRD pattern 
was recorded using XPERT-PRO powder 
diffractometer with Cu Kα. radiation (λ=1.5405Å). 
It is noted that the addition of Aloe vera amino 
acid with KDP changed the crystal system  and 
it belongs to monoclinic system, with the lattice 
parameters a = 6.318(4) Å, b = 10.549(1)Å and 
C= 6.307(4) Å also volume V=387.1(5) Å3, the 
angles α=γ =90° and β=112.97(5)°. From the 
literature [20-23], is noted that KDP crystallize 
into tetragonal system.  Hence it is clear that the 
addition of Aloe vera amino acid extract with 
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KDP changes the crystal system from tetragonal 
into monoclinic. 

The powder XRD pattern is depicted in 
fig. (2). The crystalline nature is also confirmed 
by it and the peaks are indexed by using a 
computer programme, TJB Holland and SATRED 
FERN 1995. The unit cell parameters are also 
calculated from it.  It is in good agreement with 
the single crystal XRD data and is shown in 
table. (2). 

P o s i ti o n [°2 T h e ta ]

2 0 3 0 4 0 5 0 6 0 7 0

C o u n ts

0

5 0 0 0 0

1 0 0 0 0 0

 S a m p le -H

 
Fig.(2). Powder XRD pattern of ANAKDP 

 
Table 2  Unit cell parameters of ANAKDP 

crystal 

Unit cell parameters 
from powder XRD 
 
a=6.4615Å ;  
 b=10.49Å ;  
 c=6.2872Å 

α=γ=90°; 

β=113.13° 
V=391.8953 Å3 
Monoclinic system 

Unit cell parameters from 
single crystal XRD 
 
a=6.318(4)Å ; 
 b=10.549(1)Å ; 
 c=6.037(4)Å ;  

α=γ=90°; 

β=112.97(5) ° 
V=387.1(5) Å3 
Monoclinic system 

Unit cell parameters 
of pure KDP from 
single crystal XRD 
a= 7.434 Å 
b=7.434 Å 
c=6.945 Å 
 
Tetragonal system 

 
3.2. Thermal   analysis 

The thermo gravimetric analysis (TGA), 
differential thermal analysis (DTA) and differential 
scanning calorimetry (DSC) were carried out to 
determine the thermal stability of the sample 
using universal V4.TATA instrument under 
nitrogen atmosphere. 

The weight of the sample taken for the 
analysis was 2.6380 mg. The thermo grams 
(TGA and DTA} are recorded (fig.3a) in a same 
chart. The weight loss starts at 126.37°C and 
ends at 224.91°C. The weight loss is occurring in 

three steps [24,25]. At 224.91°C, the weight loss 
is about 99.41%. The observed weight loss 

below the melting point is due to dehydration. 
The second stage starts at 219.65°C and ends at 

359.18°C. In DTA trace, there is an endothermic 
peak, which coincides with the TGA graph at 
268.03°C. This temperature corresponds to the 
melting point of the sample. The melting of the 
ANAKDP is crystal is greater than that of pure 
KDP crystal. 

There is one exothermic peak in DSC 
curve (fig.3b) nearly at 260.3°C, that corresponds 
to the melting point of the ANAKDP crystal. 
The minute deviation may be due to the 
presence of impurities in the sample. The third 
step in TGA is starting at 359.18°C and closes at 

nearly 1150°C. The successive plateaus correspond 
to the formation of anhydrous salt. The residue 
at the final temperature is about 84.16%. 

 

 

 
 

Fig. 3(a) TGA and DTA of ANAKDP 

Fig. 3(b) DSC of ANAKDP 
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3.3. Thin Layer Chromatography (TLC) 

Analysis 

The presence of amino acids in our 
grown crystal is confirmed by qualitative phyto-
chemical analysis. The RF (resolution  front  or 
retention factor) values of the compound were 
calculated  using  the  following  formula (26). 
RF = Distance travelled by solute / Distance 
travelled by solvent 

The RF value of the above results are 
compared with the standard values and the 
presence of amino acids was confirmed (fig.4) 
and is shown in the table 3. 
 

Confirmation of Amino acid by Thin Layer 

Chromatography (TLC) 

  
Amino acid   Amino acid 

 

Table: 3 Amino acid analysis of Aloe vera 
crystal using TLC 

S. 

No. 
Compound 

Color of 

the spot 
Present 

(+) 

RF 

value 

1 Amino acid Pink + 0.73 

 
3.6. Micro hardness measurement 

One of the important properties of any 
device material is its mechanical strength, 
represented by its hardness. Physically hardness 
is the resistance offered by a material to localized 
plastic deformation caused by scratching or by 
indentation. Our grown crystal with smooth 
surface was selected for micro hardness study. 
Indentations were made and the average value 
of diagonal length was used to calculate micro 
hardness [28]. Vickers micro hardness value was 
determined using Hv = 1.8544 p/d2 in Kg/mm2. 
The hardness value was found to decrease with 
the load and its work hardening co-efficient is 1.5.  

 
Fig.4 Vicker’s  Micro hardness of grown 

crystals 

Conclusion 

The slow evaporation technique is used 
to grow natural amino acid of Aloe Vera added 
KDP (ANAKDP) single crystals. Aloe Vera 
amino acid extract is taken from the three years 
old plant leaf.  The High performance liquid 
chromatography (HPLC) is used to analysis the 
amino acids present in the extract. The unit cell 
parameters of the grown crystals are determined 
by single crystal XRD and are compared with 
the results obtained by Powder XRD data and 
the peaks are indexed by the computer programme. 
TJB Holland SATRED FERN 1995. The 
thermal properties of the sample are studied 
from TGA, DTA and DSC thermo grams. The 
presence of amino acids in the grown crystals is 
qualitatively confirmed by thin layer chromatography 
(TLC). Its mechanical properties are understood 
by micro hardness studies. 
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Abstract 

 

Thin films of MnO are well suited for opto-electronic applications, such as solar energy conversion due to its optical 

and electrical properties as well as its chemical and mechanical stability.  MnO thin films were prepared on glass substrate 

using simple and low-cost chemical spry pyrolysis at different substrate temperature.  The MnO films were characterized by 

X-ray diffraction (XRD), photoluminescence (PL) and ultraviolet-visible (UV-VIS) Optical spectroscopy. The XRD 

pattern reveals that MnO films possess cubic structure, the average crystallite size was 26.509nm. Photoluminescence activity 

of the sample was carried out.  The optical band gap was calculated and compared to the band gap energy determined from 

the optical transition involved in the material and is found to be 2.33eV. 

Key words: Manganese oxide, Spray pyrolysis, XRD, Bandgap, PL spectra 

 
1. INTRODUCTION TO MANGANESE 

OXIDE THIN FILMS 

Manganese oxide (MnO) is a transitional 
material having interesting physical and chemical 
properties. It has triggered opto-electronic 
applications. It is used as electrode materials, 
electrochemical capacitors, rechargeable batteries, 
catalysts, sensors, magneto electronic devices 
MnO was used as a substrate in the synthesis of 
magnetic oxide perovskite compounds, which 
have a variety of electrical and magnetic 
properties like metal-insulator transistors and a 
colossal magneto resistance. Manganese Oxide 
is transition metal oxide.  Cubic Mn2, tetragonal 
Mn3O4 and cubic MnO structures could be 
obtained from MnO2 by varying the post 
annealing conditions. Among these oxides, 
MnO2 is most stabe. Such varieties in their 
structures and hence in physical properties and 
technological applications.  Manganese can hold 
a number of oxidation states, +2, +3, and +4 
being the most common for the oxides. 
Nominal compositions of such phases are MnO, 
Mn3O4, Mn2O3, MnO2 but non stoichiometry 
has been observed for some these phases. 
Moreover, except for MnO, two or more 
crystalline modifications are known for each 
composition.  Several of the MnO2 phases need 
the presence of foreign components such as 

hydroxide, water or on alkali constituent in 
order to be formed.  All manganese oxides are 
semiconductors, the lowest resistivity being 
found at the MnO2 composition.  Manganese 
dioxide is successfully used as a layer material in 
tantalum thin film capacitors.  It is furthermore 
used as catalyst for oxidation of hydrocarbons, 
oxidation and reduction of nitric oxide, and 
decomposition of ozone. Moreover it has 
interesting electro chromic properties, but most 
conmmonly manganese dioxide is used in batteries.  
 
1.1. PROPERTIES 

MOLECULAR 
FORMULA 

MNO 

Molar mass 70.9374g/mol 
appearance Green crystals or powder 
Density 5.43g/cm3 

Melting point 195 ̊C, 2218K, 3533 ̊F 
Solubility in water Insoluble 
solubility Soluble in acid 
Refractive index 2.16 
Crystal structure Halite (cubic0, CF8 
Space group Fm3m, No.225 
Coordination 
geometry 

Octahedral (Mn2+), 
Octahedral (O2-) 
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1.3. CRYSTAL STRUCTURE 

 
 

MnO has the NaCl, rock salt structure, 
where cations and anions are both octahedral 
coordinated.  The composition of MnO can 
vary from MnO to MnO1.045.  Below 118k MnO 
is antiferromagnetic.  MnO has the distinction 
of being one of the first compounds to have is 
magnetic structure determined by neutron 
diffraction in 1951. This study showed that the 
Mn2+ ions form a face centred cubic magnetic 
sub-lattice where there are ferromagnetically 
coupled sheets which are antiparallel with 
adjacent sheets. 
 
1.4. APPLICATIONS 

1. Manganese Oxide is a component of 
fertilizer and feed additives. Many thousands 
of tons are consumed annually for this purpose. 

2. A Catalyst in the manufacture of allyl alcohol, 
ceramics, paints, coloured glass bleaching 
tallow and textile printing. 

3. MnO has triggered Opto-electronic applications. 
4. MnO is added to Electrode materials, 

Electro chemical capacitors, Rechargeable 
batteries, Catalysts, Sensors, Magneto-electronic 
devices. 

5. Manganese dioxide is successfully used as 
layer material in tantalum thin film capacitors. 
Moreover it has interesting electro chromic 
properties, but most commonly manganese 
dioxide is used in batteries. 

 

1.5. SPRAY PYROLYSIS TECHNIQUE 

Thin films are of increasing interest 
owing to their numerous applications in all kinds 
of scientific, industrial and technological 
applications. For this reason, there are always 
growing and urgent needs to find new, 
economical and simple techniques to prepare 
thin films. Also, a specific need appears for 
methods of preparation of thin films with large 
areas used in photovoltaic applications. To 
respond to this need, several workers have 
worked in recent years on the preparation and 
characterization of the thin oxide films. The 
monoxides are very difficult to evaporate, 
because of their high melting temperature. To 
overcome this problem, several techniques were 
developed for films of such compounds. 
Among these techniques, the spray pyrolysis 
technique seems to be more suited for the 
commercial fabrication of materials of this kind.  

Spray pyrolysis has been developed 
extensively by Chamberlin and co-workers [5]. 
After that many research articles and review 
articles related to spray pyrolysis processing and 
the range of thin films deposited by this method 
for various applications have appeared. Recently 
a comprehensive review of all possible thin film 
materials that could be deposited by spray 
pyrolysis technique for various applications has 
been published [6]. Amongst all the deposition 
techniques to coat thin films, spray pyrolysis is 
simple, quick, economical and suitable method 
for large area deposition for many binary and 
ternary semiconducting thin films. The growth 
can easily be controlled by preparative 
parameters such as spray rate, substrate 
temperature, concentration of solution, nozzle 
frequency, etc. distribution of droplets the spray 
cone mainly depend on the geometry of the 
spray nozzle.  
 
SUBSTRATE TEMPERATURE EFFECT 

Since the dynamics of the evaporation 
and pyrolytic reactions are strongly temperature-
dependent process, the substrate temperature 
has the most significant effect on the quality of 
the films. The role of the substrate temperature 
on film formation and microstructure are 
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investigated by Viguie et al. Films grown at 
lower temperature are amorphous, whereas 
deposited at higher temperature are polycrystalline. 

Usually slow reactions at lower 
temperatures would yield foggy and diffusively 
scattering films. High substrate temperature 
yield thinner, continuous and hard films. At still 
higher temperature, re-evaporation of anionic 
species may take place, resulting in metal rich 
deposits. Clearly, if the deposition conditions are 
not optimum, obtained films are powdery, non-
adherent and low dense. 
 
SUBSTRATE EFFECT 

Neutral surfaces are not taking part in 
pyrolytic reactions and the choice of such 
surface is limited to glass, quartz, ceramics, 
oxide/nitride/carbide coated substrate, Ge, Si, 
etc. Oxide films on Si sometimes induce etching 
and in general, deposition of coherent films on 
metallic substrate is difficult. Even if the 
substrate is chemically inactive, it may contain 
mobile alkali and other rare earth ions, which 
will be readily incorporated in the film.  
 

FILM COMPOSITION 

Film composition is expected to depend 
on the kinetics of the spray process and the 
thermodynamics of the pyrolytic processes. 
Incomplete pyrolytic reactions yield intermediate 
compounds, which is trapped as impurity in the 
film. The impurity concentration decreases with 
increasing substrate temperature during pyrolysis. 
For chloride salts, addition of HCl to the 
solution has been found to reduce the chlorine 
content in the film. The conductivity of TO film 
is attributed to the multivalency tin ions and/or 
chlorine ions. The deviation from stochiometry 
is controlled by the water and alcohol content in 
the spray solution. Water molecules provide 
oxygen and alcohol acts as a reducing agent. Use 
of a carrier gas does not seem to affect the 
concentration of incorporated oxygen vacancies. 
 
PARAMETERS AND FILM QUALITY 

The preparation parameters involved in 
this spray method are many, whose interaction 
or even existence is sometimes difficult to 

access. The spraying method involves the 
decomposition of a mineral compound such as 
tin chloride penta hydrate or indium chloride 
dissolved in a solution of water and alcohol. 
Water is used as an oxidizing agent. The most 
important parameters of preparation are the 
nature and the temperature of the substrate, the 
time of deposition, the composition of the 
solution to be sprayed and the gas flow rate.  
 
CARRIER GAS PRESSURE  

The carrier gas is used to atomize the 
solution into fine particles. Higher pressure 
yields fine particles increasing which can produce 
mist of the particles. By controlling the pressure, 
the required size could be obtained but to have 
uniformity in the size, corona spray should be 
adopted. This pressure also affects the substrate 
temperature and hence to be optimized. 
 

NOZZLE-SUBSTRATE DISTANCE 

Heterogeneous reaction is critically decided 
by this parameter. Closer to the substrate will 
lower the substrate temperature resulting to 
powdery deposits. The area of spray increases as 
this distance increases but not constantly. The 
flow rate and compressed air pressure will also 
affect the area along with this parameter. 
 
THE SOLUTION AND ITS 

CONCENTRATION 

Higher concentrations of the solution 
will yield most powdery deposits. There is a 
chance of the nozzle to be blocked when the 
hotness of the substrate reaches it at lower flow 
rates. Lower concentrations will alter the substrate 
temperatures and hence to be optimized. The 
stochiometry of the film formed depends 
completely on the concentration and its ratio of 
the various species in it. 

Other parameters like nozzle diameter, 
the type of carrier gas, and rate of flow of the 
solutions, time of spray and the volume of the 
solutions also affect the film and its quality. The 
texture of the films, its transparency and the 
thickness could be controlled by controlling 
these parameters. 
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PRESENT WORK 

In this work Manganese oxide thin 
films were deposited onto glass substrates using 
Manganese acetate as the precursor salt.  Films 
were coated at two different substrate temperatures 
of 200 ̊C and 225 ̊C respectively. This films were 
characterized structurally, morphologically, electrically 
and optically to bring their active properties 
towards the fabrication of various applications 
 
2. THIN FILM CHARACTERIZATION 

TECHNIQUES 

2.1. THICKNESS MEASUREMENT 

 Thickness plays an important role in the 
film properties unlike bulk materials and almost 
all the properties of the films are thickness 
dependent are Reproducible properties are 
achieved one when the film thickness and the 
deposition parameters are kept constant. 
 

PROFILOMETER (STYLUS TECHNIQUE) 

It measures the height of a step from 
the substrate surface to the film surface step is 
formed by masking during deposition. Stylus 
scans length of several centimeters with a 
resolution of less than 0.2 microns and measures 
height of greater than 100Ȧ.  Sensitivity of the 
apparatus depends on surface roughness, 
flatness, and abruptness of the step. 
 
2.2 WEIGHT GAIN METHOD 

This method depends on the increase in 
weight of a film due to its mass increase. From 
the knowledge of its density and the deposited 
areas, film thickness (t) can be calculated from 
the relation 

T = (w2-w1)/ρA 
Where, 
W1 is the weight of the substrate before coating, 
W2 is the weight of the substrate after coating, 
A is the deposited area of the film  

Thickness is the most important film 
parameter, which controls the film properties. 
Hence, precise knowledge of the film thickness 
is necessary for the intensive study of the 
properties of thin films. Wide varieties of 
methods are available for measuring thin film 
thicknesses. Some of the thickness measurement 

methods available are Stylus profilometry, 
multiple beam interferometry, ellipsometry, 
spectrometry, x-ray microanalysis, microgravimetry 
and cross-sectional scanning electron microscopy 
(SEM). Complete information about merits and 
demerits of these methods, measuring range and 
accuracy can be found in any of the literature 
[60-62]. Piegari and Masetti [63] have made 
qualitative comparison of the available 
techniques [64-66]. The type of deposit, 
deposition technique and the nature of the 
substrate dictate the choice of the method.  

The Mitutoya surf test SJ-301 is a stylus 
type surface roughness and thickness-measuring 
instrument. It can be used to measure the 
thickness of thin film coatings on any uniform 
surface. The stylus of the SJ-301 detector unit 
traces the minute irregularities of the vertical 
displacement of the fine needle, when the 
detector traversing over the film surface 
irregularities. For measuring film thickness, the 
stylus is placed over the uncoated surface and 
made to move towards the coating. Then it 
steps over the coating surface and moves over it. 
The vertical displacement gives the thickness of 
the coating. The thicknesses of the prepared 
thin film samples were found using this 
instrument. It is a non-destructive technique and 
the coatings may be used for further studies 
without any damage. The picture of the device 
along with the stylus is shown in Fig. 3.2 and 
their technical specifications are listed below: 

 

Model number  : SJ-301 4 m N type 
Measuring range x-axis : 12.5 mm 
z-axis   : 350 µm 
Measuring speed  : 0.5 mm/s 
Stylus tip radius  : 5 µm 
Stylus tip material : Diamond 



ISSN No: 2347-9213         Vol. 2, March 2015 

BSC         IJCR   

 
Page 46 

 

Measuring force  : 4 mN 
Detecting method : Differential inductance 
Recording magnification : x10-1,00,000 
 

2.3. TWO PROBE TECHNIQUE 

In this technique, a constant current ‘I’ 
is passed through two aluminium strip contacts 
separated by a distance ‘d’ and the voltage ‘V’, 
between these strips is measured by using a high 
impedance voltmeter as shown in Fig. 3.3. For a 
thin film sample of thickness ‘t’ and breadth ‘b’ 
placed between these two aluminium strips, the 
resistivity is derived from the following equations 
given by:  

Resistance 
V

R =
I

  (3.1) 

Resistivity   ρ=R x (Cross sectional area/Length) 

 ρ V t
= b

I l
 Ωcm   (3.2) 

In thin film technology, the ratio 
between the resistivity of the film material to the 
thickness of the thin film specimen ‘t’ is termed 
as sheet resistance ‘Rsh’ and thus: 

 sh

V b
R =

I l
 Ω/�     (3.3) 

Hence, for a square specimen l = b, the 
resistance of one square of a film is its sheet 
resistance Rsh, which is independent of the size 
of the square but depends only on resistivity and 
film thickness. In such case: 
 ρ = Rsh t Ωcm     (3.4) 

Further, the activation energy can be 
calculated from the measured resistivity of the 
sample. Activation energy measures the thermal 
or other form of energy required to raise 
electrons from the donor levels ‘Ed’ to the 
conduction band or to accept electrons by the 
acceptor levels ‘Ea’ from the valence band 
respectively for n and p-type materials and this 
corresponds to the energy height difference (Ec-
Ed) and (Ea-Ev) respectively. On measuring the 
variation of σ or ρ with temperature, the 
activation energy Ea can be determined from the 
slope of the straight line obtained by plotting 

ln(ρ) against
1

T
. 

 
 For the present study, the four probe 
resistivity measurements were carried out on 
cobalt oxide films using an OSAW AC-DC Four 
point probe unit, in conjunction with a UNI-
INSTA DC power supply. The voltage and 
current were measured using a HIL 2161 Digital 
multimeter and a Keithley 2000 multimeter 
respectively. 
 
2.4. STRUCTURAL CHARACTERIZATION 

When high-frequency electromagnetic 
waves are selected to have a wavelength in the 
order of interplanar spacing of crystals, they are 
diffracted according to Bragg’s law [16]. The 
typical inter-atomic spacing in crystal is in the 
order of 2-10 Å. So, the wavelength of the 
radiation used for crystal diffraction should be 
in the same range. X-rays have wavelengths in 
this range and thus diffracted by crystals. Hence, 
an excellent experimental verification for the 
crystal structures can be availed by x-ray 
diffraction [17]. This method is an important 
technique for the characterization of thin films, 
since it gives a very broad range of information 
about the material such as crystal structure, 
composition and defects in the films. 

In the present work, X-ray diffraction 
studies were carried out on cobalt oxide thin 
films deposited at different substrate temperatures. 
The technical details of the x-ray diffractometer 
used in the present study are: 
Model   : X’pert PRO 
X-ray source  : 1.8 KW ceramic  

 copper tubes 
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Operation potential : 40 kV, 30 mA 
Filter   : Nickel 
Radiation used  : CuKα - 1.54056  Å 
Detector  : Xe proportional  

 counter 
In this sophisticated diffractometer, 

diffracted beams are collected by the Xecelator 
detector, whose output is directly fed into a 
chart recorder. The beam of the x-ray source is 
automatically rotated with the help of a motor 
so that the x-ray beam incident angle can be 
precisely recorded. The detector, collecting the 
diffracted beam is mounted co-axially with 
source rotator and coupled to it in such a way 
that the source moves through an angle of ‘θ’, 
the detector moves through an angle of ‘2θ’, so 
that it is in the right position to collect the 
diffracted x-rays from crystalline samples. The 
chart recorder plots the diffracted x-ray intensity 
as a function of ‘2θ’. The plot consists of a 
series of peaks of different intensities depending 
on the magnitude of the diffracted x-ray 
intensity in that direction. 

From the XRD pattern one can 
determine the interplanar spacing (d), lattice 
parameters and hence the structure of the films. 
Usually, the diffraction peak positions are 
compared with the data from JCPDS cards. In 
the present case, the JCPDS standard data were 
compared with the obtained cobalt oxide data 
for fixing the structure of the prepared films. 

In general, diffraction peak from a 
lattice plane is labeled as Miller indices (h k l) 
and these indices are related to inter-atomic 
spacing or‘d’ spacing. For an orthogonal system 
(i.e., α = β = γ = 90 o), the ‘d’ spacing for any 
set of planes is given by the formula: 

2 2 2

2 2 2 2
hkl

1 h k l
 = + +

d a b c
  (3.19) 

Where, ‘a’, ‘b’ and ‘c’ are the cell edges.  
For hexagonal crystals, 

 
 
 

2 2 2

2 2 2
hkl

1 4 h + hk + k l
 = +

d 3 a c
  (3.20) 

For tetragonal crystals, 

 
 
 

2 2 2

2 2 2
hkl

1 h + k l
= +

d a c
  

 (3.21) 

Using these relations, the Miller indices 
are assigned for each diffraction peak obtained 
in a diffractogram. 

The width of the diffraction peak 
depends on the phase of the diffracted rays 
from each plane. If each plane in a crystal 
diffracts exactly one wavelength later than the 
preceding plane, all diffracted beams are in 
phase and constructive interference occurs, 
resulting zero peak width. If there is a phase lag 
of slightly greater than one wavelength λ+δλ, 
for rays diffracted from subsequent planes, a 
cumulative phase lag Σδλ = λ/2 occurs at 

(j+1)th plane, ie: jδλ = λ/2. Then planes 1 and  

(j +1) are exactly ‘π’ out of phase for radiations 
that is incident and diffracted at ‘θ1’ and 
therefore cancel each other. The angular range 
between the Bragg peak ‘θ’ to ‘θ1’ is the range 
over which the intensity of the diffracted beam 
falls from a maximum, at ‘θ’ to zero, at ‘θ1’. A 
similar lower limiting angle ‘θ2’, occurs for which 
rays diffracted from adjacent planes have a 
phase difference of λ-dλ. The magnitude of the 
angular range ‘θ1’ to ‘θ2’ and hence the breadth 
of the diffraction peak, is governed by the 
number of planes 2j, and hence the crystal 
thickness. If the number of planes is very large, 
no significant broadening occurs, because ‘δλ’ 
and therefore (θ2-θ1) is negligibly small. The 
commonly accepted formula for particle size 
broadening is the Scherrer formula [18]: 

 
0.94 λ

D = 
β cosθ

   (3.22) 

where, ‘D’ is the grain size, ‘β’ is the full width 
at half maximum (FWHM) of the respective 
peak, and ‘θ’ is the corresponding Bragg’s angle. 

Stress on the deposited film can also be 
measured from the x-ray diffraction peaks. Due 
to compressive stress, the whole x-ray diffraction 
pattern may be shifted to lower d-spacing such 
that a contraction of unit cell occurs. If the 
stress is non-uniform, different parts of the film 
may be deformed to different degrees and the 
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diffracted lines become broadened. Commonly, 
both effects occur and lines may be both 
displaced and broadened. The average internal 
stress developed in the film is determined by the 
relation [2]: 

 
 
 

o

0

a - aE
S = 

2δ a
   (3.23) 

where, ‘E’ is the Young’s modulus of the film, 
‘δ’ is the Poisson’s ratio of the film, ‘ao’ is the 
bulk lattice constant, and ‘a’ is the lattice 
constant of the film.The origin of the strain is 
also related to the lattice mismatch and may be 
calculated from the slope of β cosθ vs. sinθ plot 
using the relation [19]: 

 
λ βε =  - 

Dsinθ tanθ
  (3.24) 

Where, ‘D’ is the grain size, ‘β’ is the full width 
at half maximum of the peak, and ‘θ’ is the 
corresponding Bragg’s peak. 

The dislocation density ‘δ’ ie, the 
dislocation lines per unit area of the crystal can 
also be evaluated from the grain size ‘D’ using 
the formula [20]: 

 δ 2

2

1
 = lines / m

D
  (3.25) 

Also using grain size ‘D’ and film 
thickness ‘t’, number of crystallites ‘N’ has been 
estimated using the relation: 

 
3

t
N = / unit area

D
  (3.26) 

 
2.5. OPTICAL CHARACTERIZATION 

In early days, the study of the interactions 
of light with matter laid the foundations for 
quantum theory. Today, optical methods are 
among the most important tools for elucidating 
the electron structure of matter. Among the 
many available tools, spectrophotometer, 
photoluminescence spectrometer and Raman 
spectrometer are used to explain all the possible 
transitions such as band-to-band, exactions, 
between sub bands, between impurities and 
bands. In addition, the transitions by free carrier 
within a band and the resonances due to 
vibrational states of the lattice and of the 
impurities can be understood. 

2.6. UV-Vis-NIR spectrophotometer 

The measurement of transmission or 
reflection of a sample provides a satisfactory 
way to determine the form of the absorption 
edge. The absorption edge and energy band gap 
can be determined from the transmission 
measurement [21]. Hence, the optical transmittance 
properties of the films are analyzed with the 
Hitachi-3400 UV-Vis-NIR spectrophotometer. 
Technical specification of the instrument is 
listed below. 
Model   : Hitachi-3400 (double beam) 
Wavelength range: 200 – 2500 cm-1 

When light radiation is incident on a 
thin film material with energy equal or greater 
than that of the band gap, absorption of 
photons can take place and electrons are raised 
in energy from the valance band to the 
conduction band, creating electron-hole pairs. 
The ability of a material to absorb photons of a 
given wavelength is measured quantitatively by 
the optical absorption co-efficient (α), measured 
in units of reciprocal distance [22]. 

( ) [ ]  α λ  
  

2
1- R(λ)1

= ln
t T(λ)

  (3.27) 

where, ‘t’ is the film thickness, ‘R’ and ‘T’ are the 
reflection and transmission co-efficient respectively. 
 There are two major types of intrinsic 
absorption processes involved in determining α, 
they are the direct and indirect absorption. As a 
general rule, the larger the band gap, the smaller 
is the value of ‘α’ for a given wavelength but 
absorption co-efficient also depends on the 
density of states in the conduction and valence 
bands. The optical absorption co-efficient is 
related to energy band gap and it is given by the 
following equation [23]: 
 αhν = B (hν-Eg)n  (3.28) 
Where, ‘B’ is a constant and ‘Eg’ is the optical 
band gap. For crystalline materials, the exponent 
n is 1/2, 3/2, 2 and 3, when the transition is 
direct allowed, direct forbidden, indirect allowed 
and indirect forbidden respectively. Apparently, 
the plot of (αhν)2 or (αhν)1/2 against (hν) 
provides the nature and ‘Eg’ value of a particular 
film. The magnitude of ‘n’ can be estimated 
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from the slope of the graph of log (α) vs. (hν) and 
hence can suggest the type of transition. The 
direct optical absorption is illustrated in Fig. 3.5. 

Direct optical absorption is a first order 
process, involving only the absorbed photon 
and can be represented approximately as a 
vertical line on the energy versus wave vector (k) 
plot. The absorption transition conserves energy 
so that ∆E =hν and there is no change in ‘k’ 
between initial and final states except for the 
small momentum of the photon. An indirect 
optical transition is a second order process 
involving both the absorbed photon and a 
simultaneously absorbed or emitted phonon, 
which occurs when the minimum of the 
conduction band and the maximum of the 
valence band occur at different values of the 
wave vector ‘k’ as illustrated in Fig. 3.6. 

 
Here the absorption transition conserves 

energy by requiring ∆E = hν + Ep where, ‘Ep’ 
is the photon energy and the change in ‘k’ 
between the initial and final states ‘∆k’ is just 
equal to the value of ‘k’ of the phonon involved. 
 
2.7. SURFACE MORPHOLOGICAL STUDIES 

Scanning probe microscopes (SPM) are 
very different from optical microscopes in the 
sense that they operate with an extremely small 
probe tip, barely touching the surface, sensing 
different properties at close to atomic resolution 
in all three dimensions. Both the scanning 

electron microscopy as well as atomic force 
microscopy has been used in the present work 
for the surface morphological studies. 
 
Scanning Electron Microscopy (SEM) 

To study the surface morphology of 
thin film samples, the reflection mode of the 
optical microscope can be used. But this 
technique is limited in spatial resolution to a few 
tens of a millimeter. Very high resolution is 
required in electron beam technique. The most 
versatile among these is the scanning electron 
microscope. The main components of the 
instrument and the optical system are shown 
schematically in Fig. 3.7. 

 
An electron beam is generated by an 

electron gun at the top of the column. This 
beam is focused by two magnetic lenses inside 
the column and strike the sample in the sample 
chamber in a very small spot. When these 
electrons penetrate into the sample, some 
electrons are scattered back out of the sample 
and are collected by a suitable detector. These 
electrons are used to obtain information on the 
mean atomic number in the part of the sample 
from which they originated, relative to other 
part. Secondary electrons with very low energy 
also be released and are used to obtain 
information on the topography of the sample. 

Usually, the electron beam is not left 
stationary on the sample, but scans across 
certain area in a raster pattern. The signal from 
one of the detector is selected and used to 
modulate the intensity on a viewing screen, 
which is scanned synchronously with the 
primary beam in the column. Thereby an image 
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is generated on the viewing screen with high 
brightness in areas with a strong signal from the 
detector, and darker areas where weak signals 
are detected. In this way, an enlarged image of 
the sample is obtained on the screen. To vary 
the magnification, the size of the scanned area 
of the sample is varied while the scanning width 
on the viewing screen is constant. The scanned 
image is particularly useful for examining the 
morphology of thin films of semiconductors, 
insulators and crystalline materials as well. 
Electrically insulating samples usually have to be 
given a conducting coating. In the present study, 
HITACHI Model S-3000H model is used, 
which is capable of taking magnified pictures of 
solid, dry, conducting and non-conducting specimen. 
Its technical specifications are listed below. 
Model number  : HITACHI Model 

 S-3000H 
Scanning probe diameter : 20 Å 
Resolution  : 60 Å at 30 kV 
Magnification   : 20 – 65,000 
Voltage    : 1 kV – 39 kV 
Required specimen size  : 5 x 5 mm2 with 

 1 mm thickness 
Using this instrument, SEM studies 

have been carried out to identify the morphology 
of the deposited oxide films. The SEM micrographs 
provide the nature of the surface (uniformity, 
smoothness and cracks) and the nature of the 
grains (Shape, particulate and grain size) [24].  

3. RESULTS AND DISCUSSION 

Thin films of manganese oxide are 
suited for Opto electronic applications.  Such as 
solar energy conversion due to its optical and 
electrical properties as well as its chemical and 
mechanical stability. 

Manganese oxide can exist in a number 
of oxidation such as +1,+2,+3 and +4.  It can 
also easily change its oxidation state.  This ability 
to accept or donate electrons has to led to many 
applications in MnO in catalysts, Li ion battery 
technology, electronic and magneto properties 
of Manganese oxides are also important for 
colossal magneto resistance effects. 

All the manganese oxides are semi 
conductors, the lowest resistivity being found at 

the MnO composition.  Generally resistivities of 
MnO fall in the range 1000 to 0.1Ω cm.  

3.1. FILM DEPOSITION 

Manganese acetate was used as the 
precursor salt for preparing thin films 0.05M of 
manganese acetate was dissolved in 40ml of de-
ionized water.  Few drops of acetic acid were 
added to a clear solution.  Then the solution was 
sprayed on to preheated glass substrates at 200ºC 
and 225ºC respectively pyrolytic decomposition of 
the solution takes place and blackish colored 
films of manganese deposited on the substrates. 

3.2. THICKNESS MEASUREMENT 

Thickness plays an important role in the 
film properties. Unlike bulk material and all the 
properties of the films are thickness dependent. 
Reproducible particle are achieved only in the 
film thickness and deposition parameter are kept 
constant Thin film manganese oxide are suited 
for opto electronic applications. 

WEIGHT GAIN METHOD 

This method depends on the increase 
the increase weight of the films are due to mass 
increased.  From the knowledge of its density 
and deposited area films thickness (t) can be 
calculated from the relation 

T = (w2 – w1)/ρA 
The film thickness was found to be 

equal to 0.043µm and 0.274µm for the films 
coated at 200ºC and 225ºC respectively.  It was 
observed that as the substrate temperature 
increases the film thickness increases. 

3.3. XRD STUDIES 
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Fig (a) 
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Fig(b) 

 
Fig(a,b) shows the XRD patterns of 

MnO films coated at 200ºC and 225ºC. 
The XRD patterns showed that the 

films are amorphous in nature without any peak 
being observed.  This is the nature of MnO thin 
films coated at low substrate temperatures.  
 

3.4. MORPHOLOGICAL STUDIES 

SCANNING ELECTRON MICROSCOPY 

 
Fig(a) 

 

 
Fig(b) 

Fig(a,b) shows the MnO thin films 
coated at 200ºC and 225ºC respectively. No 
grains were observed for the film coated at 
200ºC, with small patches on the film surface. 
For film coated at 225ºC, clusters of small grains 
were observed and patches being minimized, 
which might be due to increased temperature. 
 

3.5. ATOMIC FORCE MICROSCOPY 

 
Fig(a) 

 

 
Fig(b) 

Fig (a,b) shows the thin films coated at 
200ºC and 225ºC respectively. No grains were 
observed for the film coated at 200ºC with small 
patches on the film surface. For film coated at 
225ºC, clusters of small grains were observed 
and patches being minimized, which might be 
due to increased temperature. 
 

3.5. OPTICAL STUDIES 

 Fig(a) shows that optical transmission 
spectrum of MnO films coated at two different 
substrate temperatures. Film coated at 200ºC 
have a transmittance of about 52% where as 
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film coated at 225ºC shows a transmittance 
nearly equal to 32%. The transmittance increases 
with the decrease in the substrate temperature 
which might be due to increased thickness of 
the films coated with high temperature. 

 
Fig(b) 

 
 The variation in α as a function of wave 
length is shown in fig(b).  from the fig it is clear 
that α increases rapidly with increasing 
wavelength from 320 to 570nm for 200ºC and 
320 to 460nm for 225ºC respectively, after that 
the value of α remains constant. 

 

Fig(c) 

 
 Fig(c) shows the variation of (αhγ)2 Vs 
hγ graph of MnO thin films coated at 200ºC and 
225ºC respectively.  The bandgap energy of 
MnO thin films were found to be equal to 2.8eV 
and 2.3eV for the films coated at 225ºC and 
200ºC respectively. The band gap energy 
increases with increase in substrate temperatures. 

 
Fig(d) 

 Fig(d) shows that variation of extinction 
coefficient with wavelength of MnO thin film 
from the graph it is observed that the variation 
of K is similar to that of absorption coefficient α. 
 
3.6. ELECTRICAL STUDIES 

 
Fig(a) 

 
The V-I characteristics curves of MnO 

thin films prepared using two different substrate 
temperatures is shown in fig(a). For both films 
current decreases with increases in voltage.  The 
conductivity value decreases from 6.04 x 1010 to 
2.08 x 1010 mho as temperature increases from 
200ºC to 225ºC. 
 

4. CONCLUSION 

Manganese oxide thin films were 
prepared by spray pyrolysis technique at two 
different substrate temperatures. The films were 
slightly blackish in color. The coated films were 
characterized by XRD, SEM and Optical 
absorption studies showed that films were 
amorphous with low intensity peaks, and 
patches being minimized, which might be due to 
increased temperature.  Optical sorption studies 
shows that the films coated has a transmittance 
of nearly equal to 52%where as the films coated 
transmittance of nearly equal to 32%, and the 
Bandgap energy of MnO films were found to be 
2.3ev for films coated at 225º and 200º 
temperature respectively.  The electrical studies 
showed that conductivity value decreases with 
increase in temperature. 
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Abstract 

 
Znx Cd1-xO thin films were prepared on glass substrates by spray pyrolysis technique. The precursor solutions 

were obtained by varying the concentration of Zn(NO3)2.6H2O and Cd(NO3)2. 4H2O in bi-distilled water. The 

structural properties have been studied using X-ray diffraction spectra. All the structures include the basic compounds, i.e. 

ZnO and CdO. The orientation and the crystalline phases of the deposited films were specified. With the addition of Zn to 

the precursor solution, we can observe the preferential orientation of the CdO in the [200] direction. The electrical 

measurements were performed using method of four contacts. Thin films transmittances, in the 1.5-4.3eV range, for different 

compositions have been measured and the oprical gaps have been determined. The variations are explained considering the 

gaps of the two pure films. The influence of increased Cd concentration in the films on the structural, electrical and optical 

properties is investigated in this study.  

Key words: Thin films; Spray pyrolysis; Zinc oxide; Cadmium oxide; Optical; Electrical Properties. 

 
INTRODUCTION TO CADMIUM OXIDE 

THIN FILMS 

 Cadmium oxide (CdO) is an important 
semiconductor material for the development of 
various technologies of solid state device, (panel 
display, optoelectronic, components, thermally 
insulating glass, etc)[1-3].CdO films show a high 
transparency in the visible region of the solar 
spectrum, as well as high ohmic conductivity. 
the intensity of optical and electrical effects of 
Cdo depends on the derivation from the ideal 
CdO stoichiometry, as well as on the size and 
shape of the particle [4].bulk cdo is an n-type 
broad bandgap (2.3ev) semiconductor, with an 
indirect bandgap of1.36ev [5]. Cadmium oxide 
(CdO) is one of the promising transparent 
conducting oxides (tco) from ii to vigroup of 
semiconductors having high absorption and 
emission capacity of radiation in the energy ga 
[6.thin films of co have bee used in wide  
variety of applications such as photodiodes [7], 
phototransistors [8], photovoltaic cell [9], 
transparent electrodes [10], liquid crystal displays, 
IR detectors and anti reflection coatings [11]. 
Cadmium and Zinc oxides and many others are 
transparent conducting oxides (TCO), which 
continue to attract attention in many solar cells 
and optoelectronic applications. Both are n-type 

semiconductor components [12]. In particular, 
zinc oxide is a promising material as gas sensor 
[13-16] varistors [17,18] and due to its large bandgap 
(of 3.3eV), it is evidently used as an active window 
component of photovoltaic hetrojunction thin 
film solar cells (TFSCO) [19,20]. In this role, it 
could directly combine the function emitter with 
that of a conducting layer. This is the concept of 
absorber material like CuInSe2 (CIS) thin film 
cells [21,22]. Its bandgap is wide enough to 
transmit most of the useful solar radiation in 
solar cells [23]. 
 

STRUCTURE 

Cadmium oxide is an inorganic compound 
with the formula CdO. It is one of the main 
precursors to other cadmium compounds. It 
crystallizes in a cubic rocksalt lattice like sodium 
chloride, with octahedral cation and anion 
centers. [24] It occurs naturally as the rare 
mineral monteponite. Cadmium oxide can be 
found as a colorless amorphous powder or as 
brown or red crystals. [25]Cadmium oxide is 
an n-type semiconductor [26] with a band gap of 
2.16 eV at room temperature [27]. 
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PROPERTIES 

Molecular 
formula 

CdO 

Molar mass 128.41 g mol−1 

Appearance Colorless powder (alpha form) 
red-brown crystal (beta form) [1] 

Odor Odorless 

Density 8.150g/cm3(crystalline), 
6.95 g/cm3 (amorphous)[2] solid. 

Melting point 900–1000 °c (decomposition of 
amorphous 

Boiling point 1559 °c, 1832 k, 2838 °f 
(sublimation[3]) 

Solubility in 
water 

Insoluble 

Solubility Soluble in dilute acid 
slowly soluble 
in ammonium salts 
insoluble in alkalies 

Band gap 2.5 ev 

Electron 
mobility 

531 cm2/v s 

Magnetic 
susceptibility 

-3×10−5 cm3/mol 

Thermal 
conductivity 

0.7 w/m-k 

 
SPRAY PYROLYSIS TECHNIQUE 

 Thin films are of increasing interest 
owing to their numerous applications in all kinds 
of scientific, industrial and technological applications. 
For this reason, there are always growing and 
urgent needs to find new, economical and 
simple techniques to prepare thin films. Also, a 

specific need appears for methods of preparation 
of thin films with large areas used in photovoltaic 
applications. To respond to this need, several 
workers have worked in recent years on the 
preparation and characterization of the thin 
oxide films. The monoxides are very difficult to 
evaporate, because of their high melting temperature. 
To overcome this problem, several techniques 
were developed for films of such compounds. 
Among these techniques, the spray pyrolysis 
technique seems to be more suited for the 
commercial fabrication of materials of this kind.  

Spray pyrolysis has been developed 
extensively by Chamberlin and co-workers [5]. 
After that many research articles and review 
articles related to spray pyrolysis processing and 
the range of thin films deposited by this method 
for various applications have appeared. Recently 
a comprehensive review of all possible thin film 
materials that could be deposited by spray 
pyrolysis technique for various applications has 
been published [6]. Amongst all the deposition 
techniques to coat thin films, spray pyrolysis is 
simple, quick, economical and suitable method 
for large area deposition for many binary and 
ternary semiconducting thin films. The growth 
can easily be controlled by preparative parameters 
such as spray rate, substrate temperature, 
concentration of solution, nozzle frequency, etc. 
distribution of droplets the spray cone mainly 
depend on the geometry of the spray nozzle. 
 

SUBSTRATE TEMPERATURE EFFECT 

Since the dynamics of the evaporation 
and pyrolytic reactions are strongly temperature-
dependent process, the substrate temperature 
has the most significant effect on the quality of 
the films. The role of the substrate temperature 
on film formation and microstructure are investigated 
by Viguie et al. Films grown at lower temperature 
are amorphous, whereas deposited at higher 
temperature are polycrystalline. 

Usually slow reactions at lower temperatures 
would yield foggy and diffusively scattering 
films. High substrate temperature yield thinner, 
continuous and hard films. At still higher 
temperature, re-evaporation of anionic species 
may take place, resulting in metal rich deposits. 



ISSN No: 2347-9213         Vol. 2, March 2015 

BSC          IJCR   

 
Page 56 

 

Clearly, if the deposition conditions are not 
optimum, obtained films are powdery, non-
adherent and low dense. 
 

SUBSTRATE EFFECT 

Neutral surfaces are not taking part in 
pyrolytic reactions and the choice of such 
surface is limited to glass, quartz, ceramics, 
oxide/nitride/carbide coated substrate, Ge, Si, 
etc. Oxide films on Si sometimes induce etching 
and in general, deposition of coherent films on 
metallic substrate is difficult. Even if the 
substrate is chemically inactive, it may contain 
mobile alkali and other rare earth ions, which 
will be readily incorporated in the film.  
 

FILM COMPOSITION 

 Film composition is expected to depend 
on the kinetics of the spray process and the 
thermodynamics of the pyrolytic processes. 
Incomplete pyrolytic reactions yield intermediate 
compounds, which is trapped as impurity in the 
film. The impurity concentration decreases with 
increasing substrate temperature during 
pyrolysis. For chloride salts, addition of HCl to 
the solution has been found to reduce the 
chlorine content in the film. The conductivity of 
TO film is attributed to the multivalency tin ions 
and/or chlorine ions. The deviation from 
stoichiometry is controlled by the water and 
alcohol content in the spray solution. Water 
molecules provide oxygen and alcohol acts as a 
reducing agent. Use of a carrier gas does not 
seem to affect the concentration of incorporated 
oxygen vacancies. 
 

PARAMETERS AND FILM QUALITY 

The preparation parameters involved in 
this spray method are many, whose interaction 
or even existence is sometimes difficult to 
access. The spraying method involves the 
decomposition of a mineral compound such as 
tin chloride penta hydrate or indium chloride 
dissolved in a solution of water and alcohol. 
Water is used as an oxidizing agent. The most 
important parameters of preparation are the 
nature and the temperature of the substrate, the 

time of deposition, the composition of the 
solution to be sprayed and the gas flow rate.  
 
CARRIER GAS PRESSURE  

The carrier gas is used to atomize the 
solution into fine particles. Higher pressure 
yields fine particles increasing which can 
produce mist of the particles. By controlling the 
pressure, the required size could be obtained but 
to have uniformity in the size, corona spray 
should be adopted. This pressure also affects the 
substrate temperature and hence to be optimized. 
 

NOZZLE-SUBSTRATE DISTANCE 

Heterogeneous reaction is critically decided 
by this parameter. Closer to the substrate will 
lower the substrate temperature resulting to 
powdery deposits. The area of spray increases as 
this distance increases but not constantly. The 
flow rate and compressed air pressure will also 
affect the area along with this parameter. 
 
THE SOLUTION AND ITS 

CONCENTRATION 

Higher concentrations of the solution 
will yield most powdery deposits. There is a 
chance of the nozzle to be blocked when the 
hotness of the substrate reaches it at lower flow 
rates. Lower concentrations will alter the substrate 
temperatures and hence to be optimized. The 
stoichiometry of the film formed depends 
completely on the concentration and its ratio of 
the various species in it. 

Other parameters like nozzle diameter, 
the type of carrier gas, rate of flow of the 
solutions, time of spray and the volume of the 
solutions also affect the film and its quality. The 
texture of the films, its transparency and the 
thickness could be controlled by controlling 
these parameters. 
 

PRESENT WORK 

In this work undoped and Zn doped 
cadmium oxide thin films were deposited onto 
glass substrates using cadmium acetate and Zinc 
acetate precursor salts at 325ºC.Zn doped films 
were fabricated with 2, 5, 10, wt % of Zn 
concentration .The films were characterized 
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structurally, morphologically, electrically and 
optically to study its effect of Zn on undoped 
CdO films. 
 
THIN FILM CHARACTERIZATION 

TECHNIQUES 

THICKNESS MEASUREMENT 

Thickness plays an important role in the 
film properties unlike bulk materials and almost 
all the properties of the films are thickness 
dependent are Reproducible properties are 
achieved one when the film thickness and the 
deposition parameters are kept constant. 
 

PROFILOMETER (STYLUS TECHNIQUE) 

It measures the height of a step from 
the substrate surface to the film surface step is 
formed by masking during deposition. Stylus 
scans length of several centimeters with a 
resolution of less than 0.2 microns and measures 
height of greater than 100Ȧ.  Sensitivity of the 
apparatus depends on surface roughness, flatness, 
and abruptness of the step. 
 

WEIGHT GAIN METHOD 

This method depends on the increase in 
weight of a film due to its mass increase. From 
the knowledge of its density and the deposited 
ares, film thickness (t) can be calculated from 
the relation 

T = (w2-w1)/ρA 
Where, 
W1 is the weight of the substrate before coating, 
W2 is the weight of the substrate after coating, 
ρ is the density of the film, 
A is the deposited area of the film  

Thickness is the most important film 
parameter, which controls the film properties. 
Hence, precise knowledge of the film thickness 
is necessary for the intensive study of the 
properties of thin films. Wide varieties of 
methods are available for measuring thin film 
thicknesses. Some of the thickness measurement 
methods available are Stylus profilometry, 
multiple beam interferometry, ellipsometry, 
spectrometry, x-ray microanalysis, microgravimetry 
and cross-sectional scanning electron microscopy 
(SEM). Complete information about merits and 

demerits of these methods, measuring range and 
accuracy can be found in any of the literature 
[60-62]. Piegari and Masetti [63] have made 
qualitative comparison of the available techniques 
[64-66]. The type of deposit, deposition technique 
and the nature of the substrate dictate the choice 
of the method.  

The Mitutoya surf test SJ-301 is a stylus 
type surface roughness and thickness-measuring 
instrument. It can be used to measure the 
thickness of thin film coatings on any uniform 
surface. The stylus of the SJ-301 detector unit 
traces the minute irregularities of the vertical 
displacement of the fine needle, when the 
detector traversing over the film surface 
irregularities. For measuring film thickness, the 
stylus is placed over the uncoated surface and 
made to move towards the coating. Then it 
steps over the coating surface and moves over it. 
The vertical displacement gives the thickness of 
the coating. The thicknesses of the prepared 
thin film samples were found using this 
instrument. It is a non-destructive technique and 
the coatings may be used for further studies 
without any damage. The picture of the device 
along with the stylus is shown in Fig. 3.2 and 
their technical specifications are listed below: 

 
 
Model number  : SJ-301 4 m N type 
Measuring range x-axis : 12.5 mm 
z-axis   : 350 µm 
Measuring speed  : 0.5 mm/s 
Stylus tip radius  : 5 µm 
Stylus tip material : Diamond 
Measuring force  : 4 mN 
Detecting method : Differential inductance 
Recording magnification : x10-1,00,000 
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TWO PROBE TECHNIQUE 

In this technique, a constant current ‘I’ 
is passed through two aluminum strip contacts 
separated by a distance ‘d’ and the voltage ‘V’, 
between these strips is measured by using a high 
impedance voltmeter as shown in Fig. 3.3. For a 
thin film sample of thickness ‘t’ and breadth ‘b’ 
placed between these two aluminum strips, the 
resistivity is derived from the following 
equations given by:  

Resistance 
V

R =
I

   (3.1) 

Resistivity ρ = R x (Cross sectional area/Length) 

 ρ V t
= b

I l
 Ωcm    (3.2) 

In thin film technology, the ratio between 
the resistivity of the film material to the 
thickness of the thin film specimen ‘t’ is termed 
as sheet resistance ‘Rsh’ and thus: 

 sh

V b
R =

I l
 Ω/�     (3.3) 

Hence, for a square specimen l = b, the 
resistance of one square of a film is its sheet 
resistance Rsh, which is independent of the size 
of the square but depends only on resistivity and 
film thickness. In such case: 

 ρ = Rsh t Ωcm     (3.4) 

Further, the activation energy can be 
calculated from the measured resistivity of the 
sample. Activation energy measures the thermal 
or other form of energy required to raise 
electrons from the donor levels ‘Ed’ to the 
conduction band or to accept electrons by the 
acceptor levels ‘Ea’ from the valence band 
respectively for n and p-type materials and this 
corresponds to the energy height difference (Ec-
Ed) and (Ea-Ev) respectively. On measuring the 
variation of σ or ρ with temperature, the 
activation energy Ea can be determined from the 
slope of the straight line obtained by plotting 

ln(ρ) against
1

T
. 

 
For the present study, the four probe 

resistivity measurements were carried out on 
cobalt oxide films using an OSAW AC-DC Four 
point probe unit, in conjunction with a UNI-
INSTA DC power supply. The voltage and 
current were measured using a HIL 2161 Digital 
multimeter and a Keithley 2000 multimeter 
respectively. 
 

STRUCTURAL CHARACTERIZATION 

When high-frequency electromagnetic 
waves are selected to have a wavelength in the 
order of interplanar spacing of crystals, they are 
diffracted according to Bragg’s law [16]. The 
typical inter-atomic spacing in crystal is in the 
order of 2-10 Å. So, the wavelength of the 
radiation used for crystal diffraction should be 
in the same range. X-rays have wavelengths in 
this range and thus diffracted by crystals. Hence, 
an excellent experimental verification for the 
crystal structures can be availed by x-ray 
diffraction [17]. This method is an important 
technique for the characterization of thin films, 
since it gives a very broad range of information 
about the material such as crystal structure, 
composition and defects in the films. 

In the present work, X-ray diffraction 
studies were carried out on cobalt oxide thin 
films deposited at different substrate temperatures. 
The technical details of the x-ray diffractometer 
used in the present study are: 
Model   : X’pert PRO 
X-ray source  : 1.8 KW ceramic  

 copper tube 
Operation potential : 40 kV, 30 mA 
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Filter   : Nickel 
Radiation used  : CuKα - 1.54056 Å 
Detector  : Xe proportional  

 counter 
In this sophisticated diffractometer, 

diffracted beams are collected by the Xecelator 
detector, whose output is directly fed into a 
chart recorder. The beam of the x-ray source is 
automatically rotated with the help of a motor 
so that the x-ray beam incident angle can be 
precisely recorded. The detector, collecting the 
diffracted beam is mounted co-axially with 
source rotator and coupled to it in such a way 
that the source moves through an angle of ‘θ’, 

the detector moves through an angle of ‘2θ’, so 
that it is in the right position to collect the 
diffracted x-rays from crystalline samples. The 
chart recorder plots the diffracted x-ray intensity 
as a function of ‘2θ’. The plot consists of a 
series of peaks of different intensities depending 
on the magnitude of the diffracted x-ray 
intensity in that direction. 

From the XRD pattern one can 
determine the interplanar spacing (d), lattice 
parameters and hence the structure of the films. 
Usually, the diffraction peak positions are 
compared with the data from JCPDS cards. In 
the present case, the JCPDS standard data were 
compared with the obtained cobalt oxide data 
for fixing the structure of the prepared films. 

In general, diffraction peak from a 
lattice plane is labeled as Miller indices (h k l) 
and these indices are related to inter-atomic 
spacing or ‘d’ spacing. For an orthogonal system 
(i.e., α = β = γ = 90 o), the ‘d’ spacing for any 
set of planes is given by the formula: 

2 2 2

2 2 2 2
hkl

1 h k l
 = + +

d a b c
  (3.19) 

Where, ‘a’, ‘b’ and ‘c’ are the cell edges.  
For hexagonal crystals, 

 
 
 
 

2 2 2

2 2 2
hkl

1 4 h + hk + k l
 = +

d 3 a c
 (3.20) 

For tetragonal crystals, 

 
 
 

2 2 2

2 2 2
hkl

1 h + k l
= +

d a c
  

(3.21) 

Using these relations, the Miller indices 
are assigned for each diffraction peak obtained 
in a diffractogram. 

The width of the diffraction peak 
depends on the phase of the diffracted rays 
from each plane. If each plane in a crystal 
diffracts exactly one wavelength later than the 
preceding plane, all diffracted beams are in 
phase and constructive interference occurs, 
resulting zero peak width. If there is a phase lag 
of slightly greater than one wavelength λ+δλ, 
for rays diffracted from subsequent planes, a 
cumulative phase lag Σδλ = λ/2 occurs at 

(j+1)th plane, ie: jδλ = λ/2. Then planes 1 and  

(j +1) are exactly ‘π’ out of phase for radiations 
that is incident and diffracted at ‘θ1’ and 
therefore cancel each other. The angular range 
between the Bragg peak ‘θ’ to ‘θ1’ is the range 
over which the intensity of the diffracted beam 
falls from a maximum, at ‘θ’ to zero, at ‘θ1’. A 
similar lower limiting angle ‘θ2’, occurs for which 
rays diffracted from adjacent planes have a 
phase difference of λ-dλ. The magnitude of the 
angular range ‘θ1’ to ‘θ2’ and hence the breadth 
of the diffraction peak, is governed by the 
number of planes 2j, and hence the crystal 
thickness. If the number of planes is very large, 
no significant broadening occurs, because ‘δλ’ 
and therefore (θ2-θ1) is negligibly small. The 
commonly accepted formula for particle size 
broadening is the Scherrer formula [18]: 

0.94 λ
D = 

β cosθ  
  (3.22) 

where, ‘D’ is the grain size, ‘β’ is the full width at 
half maximum (FWHM) of the respective peak, 
and ‘θ’ is the corresponding Bragg’s angle. 

Stress on the deposited film can also be 
measured from the x-ray diffraction peaks. Due 
to compressive stress, the whole x-ray 
diffraction pattern may be shifted to lower d-
spacing such that a contraction of unit cell 
occurs. If the stress is non-uniform, different 
parts of the film may be deformed to different 
degrees and the diffracted lines become 
broadened. Commonly, both effects occur and 
lines may be both displaced and broadened. The 
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average internal stress developed in the film is 
determined by the relation [2]: 

 
 
 
 

o

0

a - aE
S = 

2δ a
 

  (3.23) 

where, ‘E’ is the Young’s modulus of the film, 
‘δ’ is the Poisson’s ratio of the film, ‘ao’ is the 
bulk lattice constant, and ‘a’ is the lattice 
constant of the film. The origin of the strain is 
also related to the lattice mismatch and may be 
calculated from the slope of βcosθ vs. sinθ plot 
using the relation [19]: 

λ βε =  - 
Dsinθ tanθ   

(3.24) 

Where, ‘D’ is the grain size, ‘β’ is the full width 

at half maximum of the peak, and ‘θ’ is the 
corresponding Bragg’s peak. 

The dislocation density ‘δ’ ie, the 
dislocation lines per unit area of the crystal can 
also be evaluated from the grain size ‘D’ using 
the formula [20]: 

δ 2

2

1
 = lines / m

D
  (3.25) 

Also using grain size ‘D’ and film 
thickness ‘t’, number of crystallites ‘N’ has been 
estimated using the relation: 

3

t
N = / unit area

D
  (3.26) 

 

OPTICAL CHARACTERIZATION 

In early days, the study of the interactions 
of light with matter laid the foundations for 
quantum theory. Today, optical methods are 
among the most important tools for elucidating 
the electron structure of matter. Among the many 
available tools, spectrophotometer, photoluminescence 
spectrometer and Raman spectrometer are used 
to explain all the possible transitions such as 
band-to-band, exactions, between sub bands, 
between impurities and bands. In addition, the 
transitions by free carrier within a band and the 
resonances due to vibrational states of the lattice 
and of the impurities can be understood. 
 

UV-Vis-NIR spectrophotometer 

 The measurement of transmission or 
reflection of a sample provides a satisfactory 

way to determine the form of the absorption 
edge. The absorption edge and energy band gap 
can be determined from the transmission 
measurement [21]. Hence, the optical transmittance 
properties of the films are analyzed with the 
Hitachi-3400 UV-Vis-NIR spectrophotometer. 
Technical specification of the instrument is 
listed below. 
Model   : Hitachi-3400 (double beam) 
Wavelength range : 200 – 2500 cm-1 

When light radiation is incident on a 
thin film material with energy equal or greater 
than that of the band gap, absorption of 
photons can take place and electrons are raised 
in energy from the valance band to the 
conduction band, creating electron-hole pairs. 
The ability of a material to absorb photons of a 
given wavelength is measured quantitatively by 
the optical absorption co-efficient (), measured 
in units of reciprocal distance [22]. 

( ) [ ]  α λ  
  

2
1- R(λ)1

= ln
t T(λ)

 

 (3.27) 

where, ‘t’ is the film thickness, ‘R’ and ‘T’ are the 
reflection and transmission co-efficient respectively. 

There are two major types of intrinsic 
absorption processes involved in determining α, 
they are the direct and indirect absorption. As a 
general rule, the larger the band gap, the smaller 
is the value of ‘α’ for a given wavelength but 
absorption co-efficient also depends on the 
density of states in the conduction and valence 
bands. The optical absorption co-efficient is 
related to energy band gap and it is given by the 
following equation [23]: 
 αhν = B (hν-Eg)n  (3.28) 
Where, ‘B’ is a constant and ‘Eg’ is the optical 
band gap. For crystalline materials, the exponent 
n is 1/2, 3/2, 2 and 3, when the transition is 
direct allowed, direct forbidden, indirect allowed 
and indirect forbidden respectively. Apparently, 
the plot of (αhν)2 or (αhν)1/2 against (hν) 
provides the nature and ‘Eg’ value of a particular 
film. The magnitude of ‘n’ can be estimated 
from the slope of the graph of log (α) vs. (hν) 
and hence can suggest the type of transition. The 
direct optical absorption is illustrated in Fig. 3.5. 
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Direct optical absorption is a first order 
process, involving only the absorbed photon 
and can be represented approximately as a 
vertical line on the energy versus wave vector (k) 
plot. The absorption transition conserves energy 
so that ∆E =hν and there is no change in ‘k’ 
between initial and final states except for the 
small momentum of the photon. An indirect 
optical transition is a second order process 
involving both the absorbed photon and a 
simultaneously absorbed or emitted phonon, 
which occurs when the minimum of the 
conduction band and the maximum of the 
valence band occur at different values of the 
wave vector ‘k’ as illustrated in Fig. 3.6. 

 
Here the absorption transition conserves 

energy by requiring ∆E = hν + Ep where, ‘Ep’ 
is the photon energy and the change in ‘k’ 
between the initial and final states ‘∆k’ is just 
equal to the value of ‘k’ of the phonon involved. 
 
SURFACE MORPHOLOGICAL STUDIES 

Scanning probe microscopes (SPM) are 
very different from optical microscopes in the 
sense that they operate with an extremely small 
probe tip, barely touching the surface, sensing 
different properties at close to atomic resolution 
in all three dimensions. Both the scanning 
electron microscopy as well as atomic force 

microscopy has been used in the present work 
for the surface morphological studies. 
 

Scanning Electron Microscopy (SEM) 

To study the surface morphology of 
thin film samples, the reflection mode of the 
optical microscope can be used. But this 
technique is limited in spatial resolution to a few 
tens of a millimeter. Very high resolution is 
required in electron beam technique. The most 
versatile among these is the scanning electron 
microscope. The main components of the 
instrument and the optical system are shown 
schematically in Fig. 3.7. 

 
An electron beam is generated by an 

electron gun at the top of the column. This 
beam is focused by two magnetic lenses inside 
the column and strike the sample in the sample 
chamber in a very small spot. When these 
electrons penetrate into the sample, some 
electrons are scattered back out of the sample 
and are collected by a suitable detector. These 
electrons are used to obtain information on the 
mean atomic number in the part of the sample 
from which they originated, relative to other 
part. Secondary electrons with very low energy 
also be released and are used to obtain 
information on the topography of the sample. 

Usually, the electron beam is not left 
stationary on the sample, but scans across 
certain area in a raster pattern. The signal from 
one of the detector is selected and used to 
modulate the intensity on a viewing screen, 
which is scanned synchronously with the 
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primary beam in the column. Thereby an image 
is generated on the viewing screen with high 
brightness in areas with a strong signal from the 
detector, and darker areas where weak signals 
are detected. In this way, an enlarged image of 
the sample is obtained on the screen. To vary 
the magnification, the size of the scanned area 
of the sample is varied while the scanning width 
on the viewing screen is constant. The scanned 
image is particularly useful for examining the 
morphology of thin films of semiconductors, 
insulators and crystalline materials as well. 
Electrically insulating samples usually have to be 
given a conducting coating. In the present study, 
HITACHI Model S-3000H model is used, 
which is capable of taking magnified pictures of 
solid, dry, conducting and non-conducting 
specimen. Its technical specifications are listed 
below. 
Model number  : HITACHI Model 

 S-3000H 
Scanning probe diameter : 20 Å 
Resolution  : 60 Å at 30 kV 
Magnification   : 20 – 65,000 
Voltage    : 1 kV – 39 kV 
Required specimen size  : 5 x 5 mm2 with 

 1 mm thickness 
Using this instrument, SEM studies 

have been carried out to identify the morphology 
of the deposited oxide films. The SEM micrographs 
provide the nature of the surface (uniformity, 
smoothness and cracks) and the nature of the 
grains (Shape, particulate and grain size) [24]. 
 
RESULTS AND DISCUSSION 

Cadmium oxide is an n-type wide band 
gap semiconductor, and it shows very high 
electrical conductivity even without doping due 
to the existence of shallow donors caused by 
intrinsic interstitial cadmium atoms and oxygen 
vacancies [1]. Cadmium hydroxide can be used 
as a precursor of CdO film. The ability to 
synthesize CdO nanocrystals with controlled 
shape, composition, and structure would enable 
a variety of size-dependent physical properties 
to be explored, including structural, electronic, 
and magnetic phase transitions as a function of 
size, composition, and shape. To improve 

chemical and physical properties of CdO thin 
films, researchers are trying to modify the 
synthesis procedure. Cadmium oxide received 
less attention because of their narrow band gap 
(direct band gap ~2.5ev, indirect band gap 
~2.1ev) However, these films show higher 
mobility value (µ=130 cm3/vs).which is 
necessary for high conductivity TCO materials, 
especially when low free carrier absorbance is 
desired. 
1. R. Haul, D.Just, J. Appl. Phys. 33 (1962)487. 
 

FILM FORMATION  

The undoped and Zn doped Cadmium 
oxide thin films. were prepared by the cost 
effective spray technique using different 
precursor (cadmium acetate and zinc acetate) 
salts at 325ºC substrate temperature .The micro 
structural, morphological, optical and electrical 
properties of the coated films have been 
investigated and the results are presented here. 
 
THICKNESS MEASUREMENT BY WEIGHT 

GAIN METHOD 

Thickness plays an important role in the 
film properties unlike bulk materials and almost 
all the properties of the films are thickness 
dependent are Reproducible properties are 
achieved one when the film thickness and the 
deposition parameters are kept constant. This 
method depends on the increase in weight of a 
film due to its mass increase. From the 
knowledge of its density and the deposited ares, 
film thickness (t) can be calculated from the 
relation 

T = (w2-w1)/ρA 
W1 - Weight of the substrate before coating 
W2 - Weight of the substrate after coating 
ρ - Intensity of the film 
A - Deposited area 
T - Thickness of the film 

The film thickness was found to equal 
to 0.34µm, 0.276µm, 0.484µm for undoped and 
zinc doped cadmium oxide thin films prepared 
using cadmium acetate and zinc acetate 
precursor. 
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XRD STUDIES 
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MORPHOLOGICAL STUDIES 

AFM Analysis 

 
 

 

The two dimensional and three dimensional 
AFM images of 5wt% Zn doped CdO films. 

  
 

 
 

The two dimensional and three dimensional 
AFM images of 10wt% Zn doped CdO films, 
from this AFM image it was observed that the 
substrate fully covered with larger grain size 
without any cracks which shows the improved 
crystallinity of 5wt% Zn doped CdO thin films 
are evident from XRD analysis. 
 

SEM analysis 

 
Mixture of small and larger products 

due to low Zn concentration. 
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o  
 

 

 

Cluster of grains were found throughout 
the surface with no cracks indicating better 
orientation of grains. 

No grains were observed in the sample 
because more Zn concentration might have 
decreased the orientation of film growth. 
 

OPTICAL STUDIES 

 
 

Transmittance spectra of Zn doped CdO 
thin films. 

 
 

Absorption coefficient decreases with 
increase in Zn concentration. 

 

 
 

 

 

Variation of extinction coefficient with 
wavelength of Zn doped CdO thin films from 
the graph it is observed that the variation of k is 
similar to the absorption coefficient. 
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ELECRTICAL STUDIES 

 
 

 
 

Conclusion 

Zndoped CdO thin films were 
fabricated at 325oC by spray pyrolysis technique. 
The Zn concentration was varied as 2wt%, 
5wt%, 10wt% of weight of the Cadmium acetate 
used to coat undoped CdO thin films. The films 
were characterized structurally, morphologically, 
electrically and optically, structural studies 
reveals that all the films are polycrystalline along 

(111) plane. Morphological studies shows that in 
AFM images the substrate fully covered with 
larger grain size without any cracks. In SEM 
image no grains were observed in the sample 
because more Zn concentration of film grow 
might have decreases the orientation of film 
growth. Optical studies show that transmittance 
decrease with decrease in Zn concentration 
absorption coefficient were absorbed to be 
equal (10-6cm-1) absorption coefficient decreases 
with increase in Zn concentration extinction 
coefficient bandgap was estimated 1.8eV, 2.0eV, 
2.3eV for the films. Electrical studies shows that 
all films resistivity decreases with increase in 
substrate temperature indicating the semiconducting 
behaviour of CdO films. 
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Abstract 
 

In this Present work CdS thinfilms have been prepared by ISILAR technique. Structural and Photoluminescence 

properties were studied under different doping level of In. The physical properties of the films were analyzed to understand the 

influence of In doping level on these properties. The calculated crystallite size of CdS films found to decrease with the increase 

in In doping level from 54.80 nm to 23.65 nm.PL spectra Confirm good crystalline nature of CdS: thin films with lesser 

defect density. Hence CdS : In thin films which lead to prospective application in Photovboltaic application. 

Key words: CdS thinfilms, ISILAR technique, Structural and Photoluminescence 

 
1. INTRODUCTION TO CDS THIN 

FILMS AND DEPOSITION TECHNIQUES 
1.1. INTRODUCTION 

CdS is a semiconductor material due to 
its very important role on the photovoltaic 
technique and optoelectronic devices. It has 
been used as a partner of several types of thin 
film solar cells such as CdTe,Cu2 S CuInSe for 
the fabrication. Cds has suitable band gap, high 
absorbtion Coefficient and considerable energy 
conversion efficiency for solar cells. 

The highest efficiency for this type of 
solar cell is about 16.5%. As several authors 
have pointed out, the good performance of solar 
cells depends on several aspects such as growth 
technique, grain size, optical range of absorption, 
quality of the interface, crystalline structure, 
among others.  It is not an easy task to control 
and maintain these properties as constant when 
the photovoltaic devices are industrially produced. 
These aspects need to be considered to improve 
efficiency of the solar cells and on the final cost 
of the devices.  Different growth techniques 
have been implemented to prepare each one of 
the materials in order to obtain better performance 
both in cost as in preparation facilities. 

Chemical bath deposition (CBD), has 
demonstrated to be a simple and low cost 
technique to prepare CdS films as optical 
windows for solar cells, with 2.42 eV as band 
gap energy, which is considered as the ideal 
partner of the CdTe for solar cells.  As a wide 

band-gap semiconductor, cadmium sulphide has 
been widely used in the fields of solar cells for 
photoelectric conversion, light-emitting diodes 
for flat-panel displays, sensors, and photo 
catalysis. In this present work cadmium sulphide 
have been prepared by ISILAR method. 

1.2. BASIC MECHANISM OF SILAR 

METHOD 

In SILAR method, to prepare thin films 
substrates are immersed into separately placed 
cationic and anionic precursors and precipitate 
formation in the solution, i.e.  The wastage of 
the material was thus avoided.  Also SILAR can 
be used to deposit compound material on a 
variety of substrate such as insulator, semiconductor 
and metal. 

One SILAR cycle contained four steps 

The substrate was immersed into first 
reaction containing the aqueous cation precursors. 

• Rinsed with water. 

• Immersed into the anion solution. 

• Rinsed with water. 

 



K. Kalpana  Structural and Photoluminescence Characterisation of Isilar Deposited Undoped and in Doped CdS  
             Thin Films 

BSC         IJCR   

 
Page 69 

 

The deposition parameters employed 
for the preparation of In doped CdS thin films 
are presented as follows. 

 

Source for Cadmium Cadmium Chloride (0.1M) 

Source For sulphur Thiourea (0.1M) 

Source For Indium Indium Chloride 
(2,4,6,8 at. %) 

S/Cd ratio  1:1 

pH value 11 

Dipping Time(sec) (anionic and cationic 
solutions 10 s+ 

Water 15 s) 

Dipping Cycles 100 

 
2. CHARACTERIZATION TECHNIQUES: 

STRUCTURAL AND 

PHOTOLUMINESCENCE STUDIES 

2.1. INTRODUCTION 

In the past years the advancement in science 
has taken place mainly with the discovery of 
new materials. Characterization is an important 
step in the development of exotic materials. The 
complete characterization of any material consists 
of phase analysis, compositional characterization, 
structural and surface characterization, which 
have strong bearing on the properties of 
materials. In this section different analytical 
technique used to characterize our thin films are 
described with relevant principles of their 
operation and working. 

2.2. X-RAY DIFFRACTION (XRD) 

TECHNIQUE 

 X-ray Diffraction is a non-destructive 
analytical technique which provides detailed 
information about the internal lattice of crystalline 
substances, including unit cell dimensions, 
bond-lengths, bond-angles, and details of site-
ordering. The data generated from the X-ray 
analysis is interpreted and refined to obtain the 
crystal structure. 

X-ray diffraction (XRD) is a powerful 
technique for determination of crystal structure 
and lattice parameters. The basic principles of 
X-ray diffraction are found in textbooks e.g by 

Buerger, Klug and Alexander, Cullity Tayler, 
Guinier, Barrett and Massalski. Much of our 
knowledge about crystal structure and the 
structure of molecules as complex as DNA in 
crystalline form comes from the use of x-rays in 
x-ray diffraction studies. A basic instrument for 
such study is the Bragg spectrometer. 
 
2.3. BRAGG’S LAW AND SCHERR’S 

FORMULA 

Diffraction in general occurs only when 
the wavelength of the wave motion is of the 
same order of magnitude as the repeat distance 
between scattering centers. This condition of 
diffraction is nothing but Bragg’s law and is 
given as, 

2dsinθ= nλ 
Where, 

d= interplaner spacing 
θ= diffraction angle 
λ= wavelength of x-ray 
n= order of diffraction 

 For thin films, the powder technique in 
conjunction with diffractometer is most commonly 
used. In this technique the diffracted radiation is 
detected by the counter tube, which moves along 
the angular range of reflections. The intensities are 
recorded on a computer system. The X-ray 
diffraction data thus obtained is printed in tabular 
form on paper and is compared with Joint Committee 
Power Diffraction Standards (JCPDS) data to 
identify the unknown material. The sample used 
may be powder, single crystal or thin film. 

The crystallite size of the deposits is 
estimated from the full width at half maximum 
(FWHM) of the most intense diffraction line by 
Scherrer’s formula as follows, 

D=0.9 λ/βcos θ 
Where, 

D is the crystallite size, λ is wavelength 
of X-ray used, β is full width at half maximum 
(FWHM) in radians, θ is Bragg’s angle. The X-ray 
diffraction data can also be used to determine 
the dimension of the unit cell. This technique is 
not useful for identification of individuals of 
multilayer or percentage of doping material. 
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2.4. PHOTOLUMINESCENCE 

SPECTROSCOPY 

2.4.1. INTRODUCTION 

Photoluminescence (PL) is a non-destructive 
optical technique used for the characterization, 
investigation, and detection of point defects or 
for measuring the band-gaps of materials. 
Photoluminescence involves the irradiation of 
the crystal to be characterized with photons of 
energy greater than the band-gap energy of that 
material. It is contactless technique of probing 
the electronic structure of Material. Light is 
directed onto a sample, where it is absorbed and 
impact excess energy into the material in a 
process called photo-excitation. One way this 
excess energy can be dissipated by the sample is 
through the emission of light, or luminescence. 
In the case of photo-excitations this luminescence 
is called photoluminescence. 
 
2.4.2. PRINCIPLE OF 

PHOTOLUMINESCENCE 

The general concept of PL measurement 
is easy to grasp as outlined by the figure. Light 
of energy in excess of the fundamental band gap 
(here blue) is directed on a semiconductor sample 
where it gets absorbed, thereby generating 
photoelectrons and holes. These carrier release 
part of their energy by nonradiative processes 
until they reach a local ground state, from they 
may radiatively recombine upon emission of a 
new photon. The energy of the emitted light, 
which is called luminescence, relates to the 
energy difference of the electronic states involved 
in the transition. PL provides a wealth of 
information on semiconductor properties such 
as the fundamental band gap, impurity levels 
and defect states, electronic complexes and the 
relaxation mechanism of carriers in the materials. 
 
3. RESULTS AND DISCUSSION 

3.1. STRUCTURAL STUDIES 

The X-ray diffraction patterns of the 
undoped and In doped ISILAR deposited CdS 
films are shown in Fig 3.1 (a-e). For all the films, 
a single diffraction peak approximately at 2θ = 
26.7º is observed which may be associated with 
the (111) plane of the cubic Phase or the (002) 

plane of hexagonal phase. As the diffraction 
peaks corresponding to H(002) and C(111) are 
very close to each other, it is difficult to 
distinguish them. moreover, Since no other 
peaks related to both the phase are obtained in 
the present study, it is not easy to arrive at a 
decision on the phase of the deposited film. But, 
it is believed that the actual phase for CdS films, 
in the present study, should be only cubic, 
because the transformation of phase from cubic 
to hexagonal can take place only when the 
process temperature is above 623K. It is 
noteworthy to mention here that the absence of 
any other peak in the XRD patterns indicates 
the good crystalline quality of the films. From 
the XRD Pattern the crystallite size and other 
structural parameters are evaluated. 
Particle Size Determination  

Grain Size D = 
λ

β 
0.94 

cos θ
nm 

Dislocation Density 

δ = 1/D2 

Lattice Parameters a(=b=c) for the cubic 
structure of CdS is calculated using the formula  

2 2 2

2 2

1 h + K + l
=

d a
 

The calculated cryatallite size, dislocation 
density and lattice parameter values are given in 
Table 3.1. 

 

 
 

Fig.3.1 (a) XRD pattern of undoped CdS film 
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Fig.3.1 (b) XRD pattern of In doped CdS 

film (In doping level: 2 at. %) 

 

 
 

Fig.3.1 (c) XRD pattern of In doped CdS 
film (In doping level: 4 at. %) 

 

 
 

Fig.3.1 (d) XRD pattern of In doped CdS 

film (In doping level: 6 at. %) 

 

 
 

Fig.3.1 (e) XRD  pattern of In  doped CdS 

film(In doping level: 8 at. %) 

 
Table 3.1 Structural parametyers of CdS : In 

thin nfilms 

In 
doping 

level 
(at.%) 

Crystallite 
size D 
(nm) 

Lattice 
parameter 

(a) A 

Dislocation 
density (δ) 

*1014  
lines/m2 

0 54.80 5.814 3.329 

2 48.51 5.809 4.249 

4 34.07 5.813 8.615 

6 33.31 5.816 9.013 

8 23.65 5.816 17.879 

 
3.2. Photoluminescence (PL) Studies 

The Pl Spectra recorded for CdS:In thin 
films in the present study extend from 450nm to 
750nm (Fig 3.2). The consist of a sharp and 
strong intrinsic band at approximately equal to 
525nm (Near Band Edge Emission-NBE) and 
two very lwo intense peaks at 580nm and 710 nm. 
The very broad band around 525nm is related to 
radiative transitions. Hence, increase in the NBE 
intensity with In doping level, indicates the 
enhancement in radiative recombination involving 
impurity or defect levels. The peak at 580nm is 
associated with Cd2+ interstitials and the increase 
the intensity of the peak at 580nm with In 
doping level explores the incorporation of In3+ 
into the Cd2+ sites od CdS lattice, which in turn 
cause an increase in the number of interstitial 
Cd2+ ions. The band at approximately equal to 
710nm is attributed to the complex defects 
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including the cadmium vacancies. In the present 
study, the very feeble defect related bands 
observed at and above 580nm are the clear 
identification of the good quality of the CdS 
films and/ or the presence of lesser number of 
defects in the crystal lattice. 

 

 
Fig.3.2. Room temperature photoluminescence 

spectra of CdS: In thin films 

 
4. CONCLUSION 

Good crystalline quality CdS: In thin 
films were deposited by an improved SILAR 
technique with different doping levels (0, 2, . . . , 
8 at. %) of In. The physical properties of the 
films were analyzed to understand the influence 
of In doping level on these properties. From the 
XRD studies, it is confirmed that the obtained 
CdS: In films have cubic phase with (1 1 1) as 
preferential orientation. The calculated crystallite 
size of CdS films is found to decrease with the 
increase in In doping level from 54.80nm to 
23.65nm. The observed weak band at and above 
580nm in the PL spectra confirms good 
crystalline nature of CdS: In thin films with 
lesser defect density. Hence, the above discussed 
results of CdS:In thin films,  induced us to 
conclude that, the deposition conditions 
employed in the present study are suitable to 
achieve defect free and good stoichiometric 
CdS: In thin films which lead to prospective 
applications in photovoltaic’s. Furthermore, the 
SILAR technique employed in the present study 
can be recognized as one of the simplest 
inexpensive potential depositrion techniques to 
achieve good stoichiometric thin films. 
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Abstract 
 

The Nickel Oxide thin films were deposited on a glass substrate by spray pyrolysis technique using 0.05M 

concentrated precursor solution of nickel chloride and air as a carrier gas at 250°C substrate temperatures then the films are 
annealed at 350°C for three hours. The prepared and annealed zinc oxide thin films are characterized by x-ray diffraction, 
scanning electron microscopy and ultra violet-visible spectrum. The x-ray diffraction pattern indicates that the zinc oxide thin 

films are polycrystalline nature with preferred orientation along c-axis with cubic structure and grain size is about 44.5nm. 

From x-ray diffraction pattern, the inter-planner spacing, strain, dislocation density and texture coefficients were estimated. 

Scanning electron microscope image showed that the nickel oxide thin films are smooth in morphology, spherical in shape and 

grain size is about 25-50nm. The optical studies showed the nickel oxide thin films are having partial transmittance 

(~45%) and low absorption. The ultra violet-visible spectra shows that the thin films having band gap in the range  

3.5-3.6eV and it confirms nickel oxide thin films is a semiconductor with wide band gap material. The application of nickel 

oxide thin films are Ethanol sensing carried out at 373K were found that the resistance with various concentration of Ethanol. 

Key words:  NiO, Spray pyrolysis, Nanostructure, Optical properties, Ethanol sensing. 
 
1. Introduction 

The gas sensing mechanisms normally 
accepted for semiconductor sensors assume that 
the oxygen adsorbed on the surface of the oxide 
removes some of the electronic density and thus 
decreases the material’s conductivity. When 
reduction gas molecules come into contact with 
this surface, they may interact with this oxygen, 
leading to inverse charge transference. Upon the 
gone out of the electrons to the conduction 
band, resistivity increases. This utilizes the gas-
induced resistance variations in potential barrier 
height at grain boundaries (i.e. changes in thickness 
of the space charge layer) to detect ethanol 
vapors in air. For polycrystalline substances, 
grain boundaries contribute most of the resistance. 

2. Experimental Details 
The Nickel Chloride precursor solution 

was taking to deposit the NiO thin film by Spray 
Pyrolysis deposition method. The Air is the 
carrier gas is filled in the cylinder and the air 
flow was controlled by the Pressure Gauge. The 
glass substrates are put on the furnace then the 
furnace heated by the filament and it controlled 

by a temperature controller. The temperature 
was measured by the thermocouple sensor. After 
reaching the substrate temperature 250°C, Air 
was opened in the flow of 1.0 kg/cm2. The 
solution was sprayed on the substrate for few 
seconds and it get few seconds to decomposition 
takes place then again spray for few seconds. 
This process will continuous until spraying the 
complete solution. After the deposition the 
substrate temperature decreases slowly to the 
room temperature. Now we obtain the good 
Nickel Oxide thin film. 

The Nickel Oxide thin film deposited 
onto glass substrate is treated at 350°C constant 
temperatures in Air atmosphere for 3 hours. 
After this the substrate temperature was 
decreased slowly to room temperature. 

During spray pyrolysis process, when 
droplets arrive close to the preheated substrates, 
the droplets undergo thermal decomposition, 
which results into the highly adherent Nickel 
oxide film formation. During the pyrolytic process, 
possible reaction mechanisms are as follows, 

NiCl2.6H2O + H2O →→→→ 2HCl + NiO +6H2O 
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As-deposited NiO films were found to 
be well adherent on the glass substrate. 

3. Structural Characterization 
The crystalline nature and structural 

properties of nickel oxide films were analyzed 
using powder X-Ray Diffraction pattern (XRD) 
[Panalytical Xpert pro, with Cukα radiation  
(λ = 154059Ǻ). This XRD pattern shows the 
formation of crystalline structure of NiO films. 
The observations were discussed below, as the 
films were by keeping the deposition temperature 
250˚C and distance between the nozzle of the 
gun and the substrate as ~48 cm throughout the 
deposition process. 
 

3.1. XRD pattern for Un-annealed NiO 
Thin Film 

 
Fig.1. X-Ray diffraction pattern of Un-annealed  

NiO film 
 

Table 1: X-Ray Diffraction of Un-annealed  NiO film 

Positio
n 

[°2Th.] 

FWHM 
[°2Th.] 

d-spacing 
[Å] 

Grain Size 
D(nm) 

strain (εεεε) 
lines-2/m-4 

Texture 
Coeff 

Dislocation 
Density 

(lines/m2) 

Rel. Int. 
[I/I0] 
[%] 

37.1766 0.3526 2.41651 43.31 0.067 4.34555 5.33E+14 100.00 
43.1942 0.7112 2.09276 21.89 0.114 0.20641 2.09E+15 4.75 
59.5957 0.3247 1.55136 51.37 0.036 0.08343 3.79E+14 1.92 
62.5984 0.6494 1.48398 26.08 0.068 0.14427 1.47E+15 3.32 
79.1461 0.5308 1.20914 35.38 0.041 0.22032 7.99E+14 5.07 

 
The X-Ray diffraction pattern of a NiO 

film deposited at 250°C temperatures is shown 
in figure.1. According to JCPDS standard data, 
NiO having the Cubic crystalline structure and 
the theoretical pattern for NiO values for lattice 
constant (a=b=c=0.417Å) also is depicted in 
this figure. It is evident from the figure that NiO 
thin film molecules are in cubic structure during 
pyrolysis. The main peak (111) in diffracted 
angle 2θ=37.1766 and the miller indices (hkl) 
are (200), (220) and (222) peaks were also 
observed at 2θ=43.1942, 62.5984, and 79.1461. 
Full width half maximum intensity of about 
0.3526 rad and it’s having 100% of relative 
intensity. The inter-planar spacing between the 
lattices was 2.4165Å and Grain Size of the 
particle estimated using the Scherrer’s formula 
and it is found to be 43.31nm. The strain, 
dislocation density and texture coefficient of the 

material is 0.067 lines-2/m-4, 5.33 X1014 lines/m2 
and 4.3455 respectively. 

3.2. XRD pattern for annealed NiO Thin Film 

 
Fig.2 X-Ray diffraction pattern of Annealed 

NiO film 
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Table 2: X-Ray Diffraction of annealed NiO film 

Position 
[°2Th.] 

FWHM 
[°2Th.] 

d-spacing 
[Å] 

Grain Size 
D(nm) 

strain (εεεε) 
lines-2/m-4 

Texture 
Coeff 

Dislocation 
Density 

(lines/m2) 

Rel. Int. 
[I/I0] 
[%] 

37.2266 0.3435 2.41337 44.50 0.064 3.5226 50.49E+14 100.00 
43.2458 0.6987 2.09038 22.30 0.111 0.1426 2.01E+15 4.05 
62.8290 0.6494 1.47909 26.13 0.0673 0.1187 1.46E+15 3.37 
79.3606 0.3586 1.20641 52.40 0.0280 0.2159 3.64E+14 6.13 

 
The X-Ray diffraction pattern of a NiO 

thin film deposited at 250°C temperatures and it 
was annealed in the air atmosphere at 350°C for 
3 hours as shown in the figure.2. According to 
JCPDS standard data NiO having the Cubic 
crystalline structure and its lattice constant 
(a=b=c=0.417Å) also is depicted in this figure. It 
is evident from the figure that NiO thin films 
are in Cubic structure during pyrolysis. The 
main peak (111) in diffracted angle 2θ=37.2266 
and the miller indices (hkl) are (200) then (220) 
and (222) peaks were also observed at 2θ=43.2458, 
62.829, and 79.3606. Full width half maximum 
intensity is about 0.3435 rad and it is having 
100% of relative intensity. The inter-planar 
spacing between the lattices is 2.4133Å and the 
Grain Size of the particle is estimated using the 
Scherrer’s formula and the value is 44.50nm. 
The strain, dislocation density and texture 
coefficient of the material is 0.064 lines-2/m-4, 
50.49X1014 lines/m2 and 3.5226 respectively. 
 
3.3. Morphological Studies 

The surface morphology of the samples 
has been studied by using a Field Emission 
Scanning Electron Microscope (JEOL JSM – 6330F) 
[FE-SEM] at SASTRA University, Thanjavur. 

 

  
(a)   (b) 

  
(c)   (d) 

 

  
(e)   (f) 

Fig. 3 FE-SEM images for Un-annealed 
NiO films at a) 50,000 b) 50,000 c) 50,000 

d) 1,00,000 e) 30,000 f) 10,000 magnifications 
respectively 

 

  
(a)   (b) 

  
(c)   (d) 
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(e)   (f) 

Fig.4 FE-SEM images for Annealed NiO 
films at a) 50,000 b) 50,000 c) 50,000 

d) 1,00,000 e) 30,000 f) 10,000 magnifications 
respectively 

 
The SEM Images for the Un-annealed 

NiO thin films are shown in Figure 3 and 
annealed NiO thin film is shown in the figure 14. 
It is seen that the deposits are flat and smooth in 
morphology. The surface morphology of a NiO 
and annealed NiO thin film particles are in 
spherical shape. It’s having good uniformity in 
lattice arrangement and the grain size of the 
particles is about 25-50nm range. 
 
3.4. Optical Studies 

The Optical Transmittance measurements 
of un-annealed and annealed ZnO thin films are 
studied using LAMBDA 35 ultra-violet/visible 
Spectrophotometer at St. Joseph’s College, Trichy. 
The transmittances measurement is taken in the 
wavelengths range from 300nm to 1100nm are 
shown in the figure 5 & 6 respectively. 

 
3.5. Transmission Spectra for NiO thin films 

 
Fig.5 UV-VIS Transmission curve of 

Un-annealed NiO thin film 

 
Fig 6. UV-VIS Transmission curve of 

Annealed NiO thin film 
 

The Optical Transmittance spectrums 
of NiO and NiO annealed at 350°C are the two 
thin films in the wavelengths range from 300nm 
to 1100nm are shown in the figure.  The films 
are having transparent in the visible range of the 
electromagnetic spectrum with an average 
transmittance values up to 45%. The annealed 
NiO thin films are having more transmittance 
compare to un-annealed thin films, because of 
annealing process are giving enough energy to 
lattice and eliminate water, solvent and moistures 
in the films. 
 
3.6. Absorption Spectra for NiO thin films 

 
Fig.7 UV-VIS Absorption curve of 

Un-annealed NiO thin film 
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Fig.8 UV-VIS Absorption curve of Annealed 

NiO thin film 
 
The Absorption spectrum of the un-

annealed NiO and annealed NiO thin films are 
the two thin films in the wavelengths range from 
300nm to 1100nm are shown in the figure. The 
spectra reveal that the films having low absorbance 
in the visible/near infrared region while absorbance 
is high in the ultraviolet region. 
 
3.7. Determination of Band Gap Energy  

 
Fig.9. The Band Gap energy of un-annealed 

NiO thin film 

 
Fig.10. The Band Gap energy of Annealed 

NiO thin film 

The band gap value of NiO thin film is 
3.6eV and the band gap value of annealed NiO 
thin film is 3.5eV. The annealed ZnO thin film 
is having constant absorption in the ultraviolet 
region while the un-annealed film shows exponential 
decreased in absorption. It is known fact that 
decreasing optical absorption can be attributed 
to the improvement in crystallinity for variations 
in stoichiomatry. 
 
3.8. Impedance Measurement Analysis 

 
Fig.11. The Impedance Measurement for 

Un-annealed NiO thin film 
 

 
Fig.12. The Impedance Measurement for 

Annealed NiO thin film 
 
From the above figures the impedance 

value decreased with the increasing of frequency 
as shown in the figures 21 and 22 are annealed 
and Un-annealed NiO oxide thin films. 
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3.9. Dielectric constant Measurement 
Table 3: The Impedance and Dielectric 

constant values for corresponding selected 
Frequencies 

Frequency Before Annealing After Annealing 

(Hz) 
|Z| 

(ohms) 
Dielectric 

(εr) 
|Z| 

(ohms) 
Dielectric 

(εr) 

1000000 5550.27 8.56E-14 2310.54 2.89693E-13 

501187.2 11670.89 8.13E-14 5760.86 2.31828E-13 

100000 183548.86 2.59E-14 32202.5 2.07856E-13 

50118.72 161221.92 5.88E-14 89745.7 1.48812E-13 

10000 4295522.13 1.11E-14 928641 7.20783E-14 

5011.873 6216526.75 1.53E-14 1137074 1.17453E-13 

1000 77598248.2 6.13E-15 7132245 9.38482E-14 

 
Sensing Test 

The selected samples were placed inside 
the gas testing chamber and the response of the 
films towards the various concentrations of  ethanol 
has been studied and reported. The sensitivity 
test is carried in Electrometer (Kethiley 6517 A 
model). 
 
Sensing Mechanism 

Oxygen ion adsorption gives the reduction 
electrons and increases the resistance of NiO. 
Reactive oxygen species such as O2 −, O2− and 
O− are adsorbed on the metal oxide NiO surface 
at elevated temperature, and the amounts of such 
chemisorbed oxygen species depend strongly on 
temperature. Low temperatures O2− is chemisorbed, 
while at high temperatures, O2− and O− are 
chemisorbed and the O2 − disappears rapidly. 

The whole of the oxygen adsorption 
can be described by the following formulae: 
O2 (gas) ↔ O2 (adsorbed)        (1) 
O2 (adsorbed) +e− ↔ O2 (ads)− (2) 
O2 (ads)2− +e− ↔ 2O (lat)2−    (3) 
 
Sensitivity 

The sensitivity S for gases is defined by 
the form: 

S = (Ro – Rgas)/Ro 
Where, Ro is the resistance of the sensor in the 
absence of gas  

Rgas is the resistance in the presence of gas. 

 
Fig.13 Ethanol sensing response for 

Un-annealed NiO thin film 
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Fig.4 Ethanol Sensing response for annealed 

NiO thin film 
 

Concentration NiO thin film Annealed NiO thin film 

ppm Resistance(Ώ) Sensitivity Resistance(Ώ) Sensitivity 

0 (RT ) 1.65X109 - 1.50X1012 - 

0 [100˚C] 3.25X108 0 1.35X108 0 

25[100˚C] 1.4X108 56.92 1.36X108 0.74 

50 [100˚C] 1.35X108 58.46 1.70X108 25.92 

100 [100˚C] 1.20X108 63.69 4.50X108 233.33 

150 [100˚C] 1.18X108 63.69 9.50X108 603.70 

 
Conclusion 
� The NiO thin films were deposited on glass 

substrates using spray pyrolysis technique 
with Nicl2· 6H2O as precursor. 

� The X-Ray diffraction pattern shows that 
the film is polycrystalline in nature. It exhibits 
intense peaks corresponding to the (111) 
orientations of cubic NiO. The grain size of 
the particle estimated using the scherre’rs 
formula and the value is 43.31nm. 
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� SEM images show that surface morphology 
of the NiO film particles that are in the 
spherical shape. NiO film has good 
uniformity and the grain size of the particles 
are 25-50nm 

� The optical analysis of Nickel oxide having 
partially transmittance. The band gap energy 
is 3.5-3.6eV. The average transmittance value 
upto 45% and the absorption of the film 
having low absorption in the visible region 
while the UV region is high. 

� The Impedance measurement shows that 
impedance values increased when the frequencies 
are increased and it has low dielectric constant. 

� The sensing analysis of the NiO films 
towards various concentrations of ethanol 
were studied at an operating temperature of 
373K and it is concluded that the resistance 
of the NiO thin film increased with increasing 
the concentration of ethanol gas. 
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