
Annexure - D 
 

SUMMERY OF THE FINDINGS 
 
 

Thin films have number of applications in various fields few of them are 

anti reflecting coating, interference filters, polarisers, narrow band filters, solar 

cells, photoconductors, IR detectors, wave guide coating, temperature controlled 

aerospace device, photothermal solar coating. 
In this project we have gain the goal for the formation of films. The 

obtained films were uniform in adsorption colour as well as grain size. The 

properties like UV, XRD,SEM of the films have been studied. The plane CdSe 

obtained possess low conducting capacity rather than doped. 

 An attempt is made to reduced the resistivity by introducing dopant 

material in to the host CdSe thin films and the effect in its property is described.  

The trivalent Ruthenium is used as dopant material and is found to be effective 

source which has been tested in turns of the photo electrochemical properties.  

From the properties it indicates that amount of doping of Ruthenium changes 

the photoelectrode properties which ultimately reflected in the electrochemical 

behaviour of the cell. 

From the SEM it reflects that the material formed is uniform, with equal 

grain size with 1:1 combination of CdSe. The dopant material inserts in the 

interstitial sites of the formed film. Due to this trivalent Ru i.e. Ru(III) the 

properties change take place. 

 

 

 



Annexure - E 
 

CONTRIBUTION TO THE SOCIETY  
 

The UGC (WRO) has sanctioned the project, is great honour to me. The 

financial assistance is very essential for the present work. The study of the thin 

films may lead to use it in the photocell, as the formed films possessed the low 

band gap.  

 In India we are using the conventional energy sources in vast. Now a days 

the conventional energy storage is reducing very rapidly. The time comes to 

reduce the use of such sources. The use will create the large pollution also. 

Which is directly affecting the human health. Many diseases causes due to such 

polluting agents.  

 The only remedy is to use of nonconventional energy. It will reduce the 

polluting agents as well as it is easily available. The films obtained from this 

project can be used in photocell. The photo sensing property of the films is 

useful as a semiconducting material. Which may give the useful results. 

 Thin films have number of applications in various fields few of them are 

anti reflecting coating, interference filters, polarisers, narrow band filters, solar 

cells, photoconductors, IR detectors, wave guide coating, temperature controlled 

aerospace device, photothermal solar coating,(such as blakh chrome, nickel, 

cobalt etc.) magnetic fields in storage devices, super conducting films, 



microelectronic devices, diamond films, high temperature wear resistance films, 

hard coating for engineering applications, corrosion resistance thin films, 

coating etc. Rapid progress in thin film devices has helped for IC’S have 

monolithic and hybrid type microelectronic solar control glazing are primarily 

indented to improve comfort level in building automobiles in warm climate. 

They offer substantial reduction in air-conditioning load and hence level to 

emerging saving commercial, solar control gazing may be classified into tinted 

and coated glass polymer foils. 
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PREFACE 
 

   The present work entitled “Chemically prepared doped cdse 

thin films : The structural & electrochemical properties” is submitted for 

fulfilment of requirement in the faculty of Science, University Grants 

Commission, Western regional Office (WRO), Ganeshkhind Pune. 

Nanotechnology holds a lot of promise in the energy sector as well as in 

water resource management. Generation of clean and green energy is the motto 

of all scientists. Many Scientists have worked on the thin films worldwide. We 

are far from the expectations, so we need to develop our own model. As well 

many efforts are made to illustrate this matter with the help of preparation of 

thin films making use of chemical bath deposition technique. The technique 

used is very useful and economically convenient. The films obtained were 

studied under various properties like, UV, XRD, SEM and photo 

Eectrochemical.   

  The results obtained were tabulated and some of the images, graphs also 

enclosed for the support of study. The work may lead useful for human health. 

The AR Grade chemicals are used for the work. After the preparation of films 

the films were annealed under 250⁰c under vacuum at Dept. Of Chemistry 

Shivaji University, Kolhapur. For two hours. The films were studied at Shivaji 

University and Solapur University, Solapur.   

 The Scanning electron microscopy were done at Savitry Bai Phule Pune 

University. However, it is expected that the present investigation may add little 

bit knowledge in the field of thin films and material science. 
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INTRODUCTION 

 

The thin film technology is a relatively young and ever growing field in 

the physical and chemical sciences, which is a multidisciplinary branch of 

material science, surface science, applied physics, applied chemistry and has 

become an intensitiable unified discipline of scientific endeavour. Thin films 

have a wide applications in semiconductor device, integrated circuit, coating 

etc. 

 Thin film plays an important role in all perceive fields of science and 

technology. “Thin film is an art of science.” 

 This is the microstructure that is formed by the atomic layers of a 

material deposited at the surface of a solid either glass or metal and its one of 

the dimension is much smaller than the two. Thin films, which posses’ thickness 

between few nano meters to micrometers, bears properties that are different 

from bulk material. The differences gained by these microstructures are very 

much important when the film thickness is very small or is at first stage of 

growth. These differences are distributed mainly to the micro structuring 

constitution and aggregation that takes place during the transformation of free 

atoms of gas phase directly into solid phase with the deposition at the surface of 

solid beyond the condition of thermodynamic equilibrium. 

 The importance of coating, the synthesis of new materials as well as new 

surface interaction have resulted in a tremendous increase of innovative thin 

film processing technologies. Currently this development goes hand-in-hand 

with an explosion of scientific and technological breakthroughs in 

microelectronics, optics and nanotechnology. A second major field comprises 

the process technologies for films with thickness ranging from one to several 

micrometers. 



 Thin films have number of applications in various fields few of them are 

anti reflecting coating, interference filters, polarisers, narrow band filters, solar 

cells, photoconductors, IR detectors, wave guide coating, temperature controlled 

aerospace device, photothermal solar coating,(such as blakh chrome, nickel, 

cobalt etc.) magnetic fields in storage devices, super conducting films, 

microelectronic devices, diamond films, high temperature wear resistance films, 

hard coating for engineering applications, corrosion resistance thin films, 

coating etc. Rapid progress in thin film devices has helped for IC’S have 

monolithic and hybrid type microelectronic solar control glazing are primarily 

indented to improve comfort level in building automobiles in warm climate. 

They offer substantial reduction in air-conditioning load and hence level to 

emerging saving commercial, solar control gazing may be classified into tinted 

and coated glass polymer foils. The coatings are normally produced by vacuum 

based technologies. In 1989, the use of chemically deposited thin films as solar 

control coating has been proposed. 

 

 

 

 

 

 

 

 

 

 

 

 

 



EXPERIMENTAL:- 

Chemical Methods:  

Chemical processes are also the most important tools for deposition of 

thin films owing to their versatility for depositing a large number semiconductor 

and metal/ alloys at low temperatures. The process involves chemical  reactions  

and  the  precursors  are  mostly  components  undergoing  reaction  at  the  

substrate  surface  or in the vicinity of the substrate.  

  Among  the  different  thin  film  fabrication  methods,  chemical  bath  

deposition   [CBD]  technique  has  attracted  a great  deal  of  attention  because  

of  its  overriding   advantages  over  other   chemical  methods.  It  is 

inexpensive  and  enables  the  synthesis  of  thin  film  materials  with  complex  

chemical  compositions. The deposition of thin films by chemical bath 

deposition reported were thin uniform and very adherent to the substrate 

material. The main advantage  of  CBD  is  the  high    degree  of  compositional  

control ,  inherent  with  other  solution  synthesis  routes for the  multi–

elements,  inorganic  materials. The  CBD  is technique  to achieve  high  

quality  films,  which  are  obtained   by adjusting  the  pH , temperature  and 

reagent  concentrations. This technique is very simple and can be used to 

deposit on glass, metal even for non accessible surface with large surface area. 

It is very conventional and most used method in thin film growth, it has 

been widely used for the depositions of chalcogenides for various applications. 

In CBD, all the precursor ions are present at the same time in the reaction 

vessels. The precursor molecules are metastable releasing slowly ions for the 

deposition reaction the product has low solubility, but due to limited number of 

free ions a direct homogeneous precipitation in the solution is prevented. The 

mechanism of film formation and the effect of various deposition parameters 

play a vital role in CBD process. 



Growth kinetics and Mechanism of film formation 

The deposition on the substrate surface from the solution is a two step process 

1) Formation of the nucleus. 

2) Subsequent growth of the film. 

Growth takes place either by ion condensation or by adsorption of the colloidal 

particles on the substrate surface. 

For the deposition of metal chalcogenide the compound MX (Where, x= Se,) is 

formed only when ionic product (IP) of  M +2 and X-2 exceeded its solubility 

product (sp) (IP/SP=5>1) the solution becomes supersaturated and the ions 

combine to form the MX nuclei substrate surface and in the solution which then 

grow in size with time to give a continuous film and a precipitate respectively. 

Once the MX is formed, it acts as a catalyst for further deposition of fresh 

portion of the MX preferentially.  If the super saturation is maintain at low level 

throughout the precipitate relatively few nuclei will be formed initially and the 

nucleation may occur throughout precipitation process. As a result of large 

number of nucleating centers contribute to the growth process and a colloidal 

suspension is formed. Under certain conditions these colloidal particles start 

nucleating due to surface adsorption by producing thin adherent films.  This 

result in a cluster by cluster growth of the films.  The ion by ion growth results 

in a thin, adherent and specularly reflecting films. The kinetics of the film 

contribute following series of reactions- 

       CdSo4+  2NaOH  →  Cd(OH)2+ Na2SO4 -----------I       

               Cd(OH)2 + n(TEA)  → (Cd (TEA)n)2+2OH-  -------------II 

(Cd (TEA)n)2 + Na2SeSO3 + 20H- →CdSe + Na2SO4 H2O + n(TEA) 

 



The Optimum Condition For The Deposition Of CdSe :- 

1) Deposition Temperature  = 55±2ºC 

2) Speed of substrate rotation = 70±2 rpm. 

3) PH of the reaction mixture   = 10.5±0.1. 

4) Deposition time           = 90 minutes 

 

UV study:- 

The obtained films were annealed under inert atmosphere at 250mm 

pressure. The process is carried out for two hours continuously. The purpose of 

annealing is to  remove the water or solvent traces if present. The quality of the 

sample films is increased after heating. The grain size also increases which 

causes the change in properties of the sample.  

The transmittance spectrum of the CdSe film was recorded using UV-

Visible Spectrophotometer at room temperature in the wavelength range 200-

800 nm. Optical 

transmittance of the film is shown in Figure . From the optical transmittance 

spectra it is observed that the transmittance of the film reduces after annealing at 

250°C, owing to the color change and increase in the particle size of the film. 

Optical investigations of films reveal that there is a band to band direct 

transition. The absorption data were analyzed using the classical relation for 

near edge optical absorption of semiconductors. 

 

α hν = A( hν – Eg)n  

where, hν is photon energy, Eg is bandgap and A is constant. 

 

 



UV of some thin films:- 

         

 

 

1) UV of CdSe     2) UV of Ru doped CdSe  

 

 

Structural Properties:  

     It broadly deals with the geometrical arrangement of atoms in the films, 

including lateral and depth dimensions, uniformity of thickness and coverage, 

film surface topography and morphology with grain size and shape, existence of 

hillocks, film voids, cracking and lakh of adhesion etc can be studied by X-ray 

diffraction data. 

 

 



 XRD Diffraction studies:  

X-ray diffraction is a well known tool for structural characterization of 

the matter.  In 1912, scientist Max Von Laue reasoned that incident X-rays 

equal to the interatomic distance in crystals. He suggested that the x-rays might 

be diffracted while passing through a crystal where acts as a three dimensional 

diffraction gratting and produce interference effect. He realized that the wave 

length of the x-rays are comparable to the spacing of lattice planes (interatomic 

distance is of the order of 10-8 cm). Laue’s suggestion was confirmed by 

W.Friedrich and P.Knipping and has grown since then into a technique of 

extraordinary power. Time resolved X-ray diffraction techniques make use of 

synchrotron source which can emit intense  polychromatic pulses of X-ray 

radiation with pulses width ranging from 100 ps to 200 ps. The technique in 

millisecond can identify a number of structural changes that follow electronic 

excitation of the chromophore with a laser pulse, i.e. isomerization, ejection, 

protonation of the exposed chromophore and a number of amino acid motions. 

       When the sample contains an element whose characteristic emission 

spectrum is excited by the incident beam and this spectrum in turn causes a 

second matrix effect which is called as enhanancement effect. The results so 

obtained are greater than the expected owing to this effect. Procedures like 

comparison standards, internal standards, dilution techniques and preparation of 

thin films can be adopted to eliminate this effect.       

 

 

 

 

 



Result and Discussion:- 

 
Fig: XRD Plot of the various films  
 

 

XRD: 

X-ray diffraction (XRD) data was collected on the sample using 

Brukerdiffractometer(Cu Kα radiation) in 2θ range of 20-80°. Collected XRD 

patterns were analysed for qualitatively for phase identification.  

Results: XRD patterns of various ruthenium doped CdSe samples 

prepared in this study viz., CS1, RCS1, RCS2, RCS3, RCS4 and RCS-5 are 

shown in the Figure 1. The XRD pattern (a) in Fig.1 is simulated XRD of CdSe 



using crystal structure data reported by (D.K. Freeman, S.L. Mair and Z. 

Barnea, Acta crysellographica, section A, 1977,33,35-359.The XRD pattern of 

CdSe is simulated using Mercury software and step size and 2θ range identical 

with the experimental data points. The simulated XRD pattern is inserted for 

sake of easy comparison of the reflections originating from CdSe and FTO 

support. Comparison of XRD patterns of samples prepared in this study with 

that of simulated (theoretical) XRD pattern of CdSe confirms the crystallization 

of samples in hexagonal symmetry with space group P63mc. The prominent 

peaks due to CdSe phase are present in the XRD patterns shown in Fig.1 along 

with some extra reflections due to FTO support. The peaks stemming from the 

support FTO used are marked by an asterisk in the Fig.1. During the XRD data 

evaluation, we found that the 100 reflection centered at 23.88°, 002 at 25.39° 

and 101 at 27.10° of CdSe is emerging as only one broad peak. The broad 

nature of reflections in the XRD patterns indicates the growth of smaller size 

particles which should further authenticated by SEM/TEM. Primarily based on 

the close inspections of the reflection positions and their intensityin the XRD 

patterns of thesamples we have confirmed that all the samples contain CdSe as 

prominent phase. Except RCS1 and RCS4 all samples are phase pure and bear 

CdSe structure. XRD patterns of RCS1 and RCS4 samples exhibit reflections 

(marked by #) due to RuSe2 phase (cube with space group Pa-3) as an impurity. 

The change in the lattice volume due to Ru doping cannot be tracked accurately 

using the present data. As data is obtained on the thin film, sample displacement 

error is inherently associated and could give misleading interpretation. 

Therefore we have limited our analysis only for phase identification of the 

prepared samples and confirmed the formation of CdSe as sole product in all the 

samples.         

 

 



 

 Scanning Electron Microscope:  

          The scanning electron microscope (SEM) is a type of electron microscope 

that images the sample surface by scanning it with a high energy beam of 

electrons in a raster scan pattern. The electrons interact with the atoms that 

make up the sample producing signals that contain the information about the 

sample’s surface topography, composition and other properties such as 

electrical conductivity. 

        The types of signals produced by SEM include secondary electrons, bulk 

scattered electrons (BSE) characteristic x-rays, light (cathodoluminescence), 

specimen current and transmitted electrons. These signal all require specialized 

detectors for their detection. The signals result from the interaction of the 

electron beam with atoms at or near the surface of the sample. A wide range of 

magnification is possible, ranging from about ×25 (about equivalent to that of a 

powerful head-lens) to about ×250000, about 250 times the magnification limit 

of the best light microscopes. Back scattered electrons are often used in 

analytical SEM along with the spectra made from the characteristic X-rays. 

Because the intensity of the back scattered electron signal is strongly related to 

the atomic number of the specimen. It can provide the information about the 

distribution of different elements in the sample. 

         Characteristic X-rays are emitted when the electron removes an inner shell 

electron from the sample, causing a higher energy electron to fill the shell and 

release energy. These characteristic x-rays are used to identify the composition 

and measure the abundance of elements in the sample. 

          In a typical SEM, an electron beam is thermionically emitted from an 

electron gun fitted with a tungsten filament cathode. The electron beam, which 

typically has an energy ranging from a few hundred electron volt to 40 KeV, is 



focused by one or two condenser lenses to a spot about beam passes through 

pairs of scanning coils or pairs of detector plates in the electron column, 

typically in the final lens, which defect the beam in the ‘x’ and ‘y’ axes so that it 

it scans in a Rester scan fashion over a rectangular area of the sample surface. 

 From the SEM it reflects that the material formed is uniform, with equal 

grain size with 1:1 combination of CdSe. The dopant material inserts in the 

interstitial sites of the formed film. Due to this trivalent Ru i.e. Ru(III) the 

properties change take place. 

SEM study:- 

 
Fig: CdSe thin film Mag : 10* 104 (CS) 



 
Fig: Ru Doped CdSe thin film Mag: 25* 103 (2RCS) 

 
Fig: Ru Doped CdSe thin film Mag : 50* 103 (5RCS) 



 
Fig: Ru Doped CdSe thin film Mag : 10* 104 (5RCS) 



 

 
 
 



Savitribai Phule Pune University 
Central Instrumentation Facility 
EDS Report 
Spectrum: Objects 5224 
El AN Series unn. C norm. C Atom. C Error (1 Sigma) 
[wt.%] [wt.%] [at.%] [wt.%] 
----------------------------------------------------- 
Sn 50 L-series 31.45 42.34 14.47 0.97 
O 8 K-series 12.78 17.20 43.62 1.61 
Cd 48 L-series 7.57 10.19 3.68 0.26 
Sb 51 L-series 7.16 9.65 3.21 0.24 
K 19 K-series 3.84 5.18 5.37 0.15 
Se 34 L-series 3.10 4.17 2.14 0.18 
C 6 K-series 2.89 3.89 13.15 0.45 
N 7 K-series 2.28 3.07 8.88 0.40 
Si 14 K-series 1.67 2.24 3.24 0.10 
S 16 K-series 0.66 0.89 1.13 0.05 
Ru 44 L-series 0.54 0.73 0.29 0.05 
Na 11 K-series 0.34 0.45 0.80 0.05 
----------------------------------------------------- 
Total: 74.28 100.00 100.00 
Page 3 / 3 



 

 

 

 

 

 



Savitribai Phule Pune University 
Central Instrumentation Facility 
EDS Report 
 
Spectrum: Objects 5228 
El AN Series unn. C norm. C Atom. C Error (1 Sigma) 
[wt.%] [wt.%] [at.%] [wt.%] 
----------------------------------------------------- 
Cd 48 L-series 16.24 26.64 6.01 0.54 
C 6 K-series 13.91 22.82 48.19 1.96 
Si 14 K-series 8.43 13.83 12.48 0.38 
O 8 K-series 7.85 12.87 20.40 1.19 
Se 34 L-series 6.56 10.76 3.46 0.35 
S 16 K-series 2.21 3.63 2.87 0.11 
Na 11 K-series 1.61 2.64 2.91 0.13 
Ca 20 K-series 1.57 2.57 1.63 0.08 
Ru 44 L-series 1.09 1.78 0.45 0.07 
K 19 K-series 0.58 0.94 0.61 0.05 
Cu 29 K-series 0.56 0.92 0.37 0.07 
Mg 12 K-series 0.36 0.60 0.62 0.05 
Pt 78 M-series 0.00 0.00 0.00 0.00 
----------------------------------------------------- 
Total: 60.96 100.00 100.00 
Page 2 / 3 

 



 

 
 
 
 
 
 



Savitribai Phule Pune University 
Central Instrumentation Facility 
EDS Report 
 
Spectrum: Objects 5225 
El AN Series unn. C norm. C Atom. C Error (1 Sigma) 
[wt.%] [wt.%] [at.%] [wt.%] 
----------------------------------------------------- 
Cd 48 L-series 25.94 42.77 11.53 0.84 
O 8 K-series 11.37 18.74 35.50 1.81 
C 6 K-series 7.96 13.13 33.12 1.37 
Se 34 L-series 5.86 9.66 3.71 0.33 
S 16 K-series 5.16 8.50 8.03 0.22 
Si 14 K-series 2.55 4.20 4.53 0.14 
Na 11 K-series 1.32 2.18 2.88 0.12 
Cl 17 K-series 0.50 0.82 0.70 0.05 
Pt 78 M-series 0.00 0.00 0.00 0.00 
----------------------------------------------------- 
Total: 60.65 100.00 100.00 
Page 

 

Fabrication of the cell - 

    The design of an optimized PEC cell involves  (I) 

system, module and cell performance, and (ii) the cost of materials and 

manufacturing process. While the design requirements vary with the 

proposed application, the specific details of the cell design are intimately 

related to the process technologies that are chosen to fabricate them, in the 

present investigations, photoeleclrochemical cell was fabricated using Ru 

doped CdSe thin films as photoanode supplied- polysulphide as an 

electrolyte and CoS treated graphite rod as counter electrode corning glass 

cuvette having ‘H’ shape was used to farm the cell. An electrolyte solution 

offers an advantage of stabilization against photoelctrode dissolution. A 

schematic diagram of the cell fabricated and used is a shown in Fig-  (PEC 

CELL). 

It consists of ‘H’ shaped glass tube with two arms.  One of the arm of 

tube was made from hard glass having diameter of size 2.7cm and 7 cm 

length and other was made from ordinary glass of inner diameter 15 cm with 



7cm length. This glass container was fitted in a copper pot of a suitable size. 

A window of the dimensions of 2 cm× 1.5 cm was made available for 

illumination of the photoelectrode. It can be represented as, 

 

(n/p)- CdRuSe │ NaOH (1M)+ S(1M) + Na2S(1M) │CGraphite 

 

                     Fig.  Photoelectrochemical Cell 



 A graphite rod (carbon) was sensitized in a medium containing 

concentrated CoS solution for 24 hours and then employed.  A rubber cork 

was used to air tighten the cell and to support both the counter electrode and 

photoelectrode the active area of the size 1 X 1 cm2 was exposed to light. 

The other part of the thin film was marked by using common epoxy resin.  

   Power output characteristics:- 

  The current voltage characteristics shifts in the 4th quadrant when a 

cell in illuminated with light of constant intensity. This behavior is in 

accordance with the theory of solar cells acting as electricity generator.  The 

output characteristics of all the cells were recorded under a constant 

illumination of 30 mW/cm2 few of them are shown. The various cell 

paratroopers like open circuit photo voltage (Voc), short circuit photo current 

(Isc).,Fill factor (ff), conversion efficiency. (η),  have been determined and are 

included in Table  It is observed that Voc and Isc have been observed 

significantly at x=0.001mole % of Ru doping. 

Table:- PEC cell performance parameters of Doped CdSe 

Composition 

(X)mole% 

Voc  

(mV) 

Isc  

(mA/cm2) 

η% FF% 

0 195 2.801 0.728 40.00 

0.0002 198 2.921 0.783 41.60 

0.0004 207 3.416 0.889 44.29 

0.0006 212 3.576 1.110 50.63 

0.0008 218 3.590 1.213 56.43 

0.001 200 3.210 0.785 41.55 



   

 

 

The gradual increase in the high photo current is observed.  Under constant  

illumination, the maximum efficiency is given by; 

                       ηmax=(Vredox-Vfb)(e/Eg.). 

where Vfb -flat band potential  

Vredox - redox potential  

Eg- Energy band gap, 



It is important to note here that Voc and depends on Veb and Eg. In our 

case η and if increases gradually. For a Cev with n-type photoelectrode larger 

the values of Vfb higher is the value of open circuit photo potential contributing 

to power conversion efficiency. The increase in out case can be attributed to 

decrease in band gap, increased photosensitivity and improved grain size that 

diminishes series resistance of a cell.  The addition of Ru+3 Impurity to certain 

concentration in the host electrode material enhances the output of the PEC cell. 

For CdSe the observed value for conversion efficiency is 0.57% while reported 

is 8-9 %. The lowering is attributed to 1) strong absorption by electrode material 

2) lakh of post preparative treatment and 3)  higher resistivity of the material. 

 

Conclusion-  

An attempt is made to reduced the resistivity by introducing dopant 

material in to the host CdSe thin films and the effect in lts property is described.  

The trivalent Ruthenium is used as dopant material and is found to be effective 

source which has been tested in turns of the photo electrochemical properties.  

From the properties it indicates that amount of doping of Ruthenium changes 

the photoelectrode properties which ultimately reflected in the electrochemical 

behavior of the cell. The efficiency and fill factor have been found Increased up 

to 0.075 mole % Ruthenium doping and this increase is dull to the increase in 

the open circuit voltage (Voc) and short circuit current Isc thus the Ru doped 

CdSe can act as an photo electrode material and has a cubic and hexagonal 

structure. 
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