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KRISHNA MAHAVIDYALAYA, RETHARE BK.
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NAAC "B+" Grade (CGPA 2.65)

Founder : Hon. Jaywantrao Bhosale President : Dr. Suresh Jaywantrao Bhosale
Principal : Dr. Salunkhe C. B., M.Sc; Ph.D.

Key Indicator 3.1 - Resource Mobilization for Research

3.1.1.1: Total Grants from Government and non-governmental for research projects,

endowments in the institution during the year (INR in Lakhs)

Academic Year 2017-18 to 2021-22

Academic 2021-22 2020-21 2019-20 2018-19 2017-18
Year

Total 37.08 Nil 1.35 1.35 Nil
Grants

Principal _
Krishna Mahavidyalayy, Rethare Bk,
Tal. Karad :415 10§ (M.S)




Year 2021-22

Name of the Research | Name of Department | Year of | Amount | Duration | Name of the
Project/ Endowments | the of Principal | Award | Sanctio | of the Funding
Principal Investigator ned (in | project Agency Type
Investigator Lakh) (Government
/Co- /non-
investigator Government)
Fabrication of Dr.D.S. Physics 2022 36.98 3 Years Department | Government
Ternary Dalavi of Science
nanocomposite and
electrodes based on Technology,
C0304-rGO- Science and
Conducting Polymer Engineering
for high performance Research
energy storage Board
application (File No. (SERB)
EE0/2021/000984) under
Empowerme
nt and
equity
opportunitie
s for
excellence in
Science
Synthesis and Dr.D.S. Physics 2022 0.1 1 year Shivaji Government
Characterization of Dalavi University
Co0304 thin film by Minor
hydrothermal route Research
for supercapacitor Project
application under lead
college
activity
Total | 37.08
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The updated RTGS details of the KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara,
Maharashtra-415302 is as below:

- <
| PFMS Unique Code [MHST00012031 < ]
| AccountName  |[PRINCIPAL, KRISHNA MAHAVIDYALAYA, SERB GRANT v
|Account Number /60410861354 d
Bank Name & Branch ;?:rl; of Maharashtra Anu Sonai Complex, At Post. Shenoli, Tal. Karad, Dist.
IFSC/RTGS Code  |[MAHB0000562 d
Email id of A/C i
Hréllzle: kI_TE’ __s_Spm@yahoo.co.m
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FILE NO. EEQ/2021/000984
SCIENCE & ENGINEERING RESEARCH BOARD(SERB)
(A statutory body of the Department of Science & Technology, Government of India)
5Science and Engineering Research Board
3rd & 4th Floor, Block IT
Technology Bhavan, New Mehrauli Road
New Delhi - 110016

Dated: 10 March, 2022

Subject: Financial Sanction of the research project titled Fabrication of Ternary nanocomposite electrodes based on
C0304-1GO-Conducting Polymer for high performance energy storage application under the guidance of Dr, Dhanaji

Suresh Dalavi, PHYSICS, KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302 -
Release of 1st grant.

Sanction of Science and Engineering Research Board (SERB) is hereby accorded to the above mentioned project at a
total cost of Rs. 3698332/ (Rs. Thirty Six Lakh Ninety Eight Thousand Three Hundred and Thirty Two Only) with
break-up of Rs. 1620000/- under Capital (Non-recurring) head and Rs.2078332/- under General (Recurring) head for a
duration of 36 months. The items of expenditure for which the total allocation of Rs. 3698332/- has been approved
are given below:

The following budget may be considered for KRISHNA MAHAVIDYALAYA, RETHARE (BK), Julewadi

S.No Head Total (in Rs.)

A Non-recurring

1 Equipment 1620000
-> Electrochemical Workstation

A Total (Non-Recurring) 1620000,

B Recurring Items

1 Recurring - I : (Manpower) 1257120
Recurring - 11 : ( Consumables, Travel, Contingencies) 450000
Recurring - III : Scientific Social Responsibility 35000

2 Recurring - IV : (Overhead Charges) 336212

B Total (Recurring) 2078332

c Total cost of the project (A' + B') 3698332

2. Sanction of the grant is subject to the conditions as detailed in Terms & Conditions available at website (
www.serb.gov.in).

3. The expenditure involved is debitable to Fund for Science & Engineering Research (FSER)
This release is being made under Empowerment and Equity Opportunities for Excellence in Science. (Task force
Committee) (SC)

4, Overhead expenses are meant for the host Institute towards the cost for providing infrastructural facilities and
general administrative support etc. including benefits to the staff employed in the project.

5. While providing cperational flexibility among various subheads under head Recurring-1I, it should be ensured that
not more than Rs. 1.5 lakh each should be spent for travel and contingency.

6. Budget sanctioned under Scientific Social Responsibility (SSR) is meant only for activites enlisted under SSR
norms and under no circumstances it can be reappropriated.

7. As per rule 211 of GFR, the accounts of project shall be open to inspection by sanctioning authority/audit
whenever the institute is called upon to do so.

8. The sanctioned equipment would be procured as per GFR and its disposal of the same would be done with prior
approval of SERB.

9.The institute will furnish to the SERB, separate Utilization certificate(UCs) financial year wise to the SERB for
Recurring (Grants-in-aid General) & Non-Recurring (Grants for creation of capital assets) and an audited statement
of accounts pertaining to the grant immediately after the end of each financial year,

10. The institute will maintain separate audited accounts for the project. A part or whole of the grant must be kept in
an interest earning bank account which is to be reported to SERB. The interest thus earned will be treated as credit
to the institute to be adjusted towards further installment of the grant.

11. The manpower sanctioned in the project, if any is co-terminus with the duration of the project and SERB will
have no liability to meet the fellowship and salary of supporting staff if any. beyond the duration of the project

12, The institute may refund any unspent balance to SERB by means of a Demand Draft favoring "FUND FOR
SCIENCE AND ENGINEERING RESEARCH" payable at New Delhi.




13. The project File no. EEQ/2021/000984 should be mentioned in all communications arising from the above project.
The organization/institute/university should ensure that the technical support/financial assistance provided to
them by SERB should invariably be highlighted/ acknowledged in their media releases as well as in bold letters in
the opening paragraphs of their Annual Report.

14. In addition, the investigator/host institute must also acknowledge the support provided to them in all
publications, patents and any other output emanating out of the project/program funded by SERB.

15. Sanction order for release of funds under a) Non-recurring and b) Recurring will be issued separately depending
on the availability of funds. The project become operational from the day the first release of grant received by the

implementing Institute. «

o . (-\'
(Dr. Thangaradjou T)
Scientist F
msls@serb.gov.in
To,
Under Secretary

SERB, New Delhi
Copy forwarded for information and necessary action to: -

The Principal Director of Audit, A.G.CR Building, [Mird Floor LP. Estate, Delhi-110002
Sanction Folder, SERB , New Delhi.
File Copy

Dr. Dhanaji Suresh Dalavi

PHYSICS

KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302

Email: dhanuphysics@gmail.com

Mobile: 919527350402

(Start date of the project may be intimated by name to the undersigned. For guidance, terms &
Conditions etc. Please visit www.serb.gov.in.)

5. Principal,

KRISHNA MAHAVIDYALAYA, RETHARE (BK), Julewadi

Lol Bl Bl

(Receipt of Grant may be intimated by name to the undersigned) i " -~
T

(Dr. Thangaradjou T)

Scientist F

msls@serb.gov.in




FILE NO. EEQ/2021/000984-G /
SCIENCE & ENGINEERING RESEARCH BOARD(SERB)
(a statutory body of the Department of Science & Technology, government of India)
Science and Engineering Research Board
3rd & 4th Floor, Block II
Technology Bhavan, New Mehrauli Road
New Delhi - 110016

Dated: 10 March, 2022 /
ORDER
Subject: Research project entitled Fabrication of Ternary nanocomposite electrodes based on C0104-1GO-Conducting
Polymer for high performance energy storage application under the guidance of Dr. Dhanaji Suresh Dalavi, PHYSICS,
KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302.

L In continuation of SERB's sanction order No. EEQ/2021/000984 dated 10 March, 2022, sanction of the competent
authority is hereby accorded to the payment of a sum of Rs.2078332/- under 'Grants-in-aid General' to KRISHNA
MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302 being the grant for the financial year 2021-
2022 for implementation of the above said project.

2. Sanction of the grant is subject to the conditions as detailed in Terms & Conditions available at the website
(www.serb.gov.in) and as mentioned in the sanction order of even number dated 10 March, 2022.

3. As this is the first grant being released under ‘Grants-in-aid General' for the project, no previous U/C is required. /
——

4. The expenditure involved is debitable to Fund for Science & Engineering Research (FSER) This release is being

made under Empowerment and Equity Opportunities for Excellence in Science. (Task force Committee) (SC).

5. The Sanction has been issued with the approval of the competent authority on 09 March, 2022 and vide Diary No. =
SERB/F/9856/2021-2022 dated 09 Margh;2022.. /

6. The release amount of Rs, 698800/~ (Rupees Six Lakh Ninety Eight Thousand Eight Hundred only) will be drawn
by the Under Secretary of the SERB and will be disbursed by means of RTGS transaction as per their Bank details
given below:

PFMS Unique Code MHST00012031

Account Name Principal Krishna Mahavidyalaya UGC A/C

Account Number 20240700009

Bank Name & Branch Bank of Maharashtra Anu Sonai Complex, At Post. Shenoli, Tal. Karad, Dist. Satara.
IFSC/RTGS Code MAHBO0000562

Email id of A/C Holder |kmr_sspm@yahoo.co.in

Email id of PI dhanuphysics@gmail.com
FUN
(Dr. Thangaradjou T)
Scientist F
mels@serb.gov.in
To,
Under Secretary

SERB, New Delhi
Copy forwarded for information and necessary action to: -

1. The Principal Director of Audit, A.G.C.R Building, 111rd Floor LP. Estate, Delhi-110002
2. Sanction Folder, SERB, New Delhi.
3. File Copy
4. Dr. Dhanaji Suresh Dalavi
PHYSICS

KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302

Email: dhanuphysics@gmail.com

Mobile: 919527350402

(Start date of the project may be intimated by name to the undersigned. For guidance, terms &
Conditions etc. Please visit www.serb.gov.in,)

5. Principal,

KRISHNA MAHAVIDYALAYA, RETHARE (BK), Julewadi

(Receipt of Grant may be intimated by name to the undersigned)

€ Wy
(Dr. Thangaradjou T)

Scientist F
msls@serb.gov.in
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FILE NO, EEQ/2021/000984-C €
SCIENCE & ENGINEERING RESEARCH BOARD(SERB)
(a statutory body of the Department of Science & Technology, government of India)
Science and Engineering Research Board
3rd & 4th Floor, Block II
Technology Bhavan, New Mehrauli Road
New Delhi - 110016

Dated: 10 March, 2022 ¢
ORDER
Subject: Research project entitled Fabrication of Ternary nanocomposite electrodes based on C0304-rGO-Conducting
Polymer for high performance energy storage application under the guidance of Dr. Dhanaji Suresh Dalavi, PHYSICS,
KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302,

L In continuation of SERB's sanction order No. EEQ/2021/000984 dated 10 March, 2022, sanction of the competent
authority is hereby accorded to the payment of a sum of Rs.1620000/- under 'Grants-in-aid Capital' to KRISHNA
MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302 being the grant for the financial year 2021-
2022 for implementation of the above said project.

2. Sanction of the grant is subject to the conditions as detailed in Terms & Conditions available at the website
(www.serb.gov.in) and as mentioned in the sanction order of even number dated 10 March, 2022.

3. As this is the first grant being released under 'Grants-in-aid Capital' for the project, no previous U/C is required. P

4. The expenditure involved is debitable to Fund for Science & Engineering Research (FSER) This release is being
made under Empowerment and Equity Opportunities for Excellence in Science. (Task force Committee! (SC).

5. The Sanction has been issued with the approval of the competent authority on 09 March, 2022 and vide Diary No. (
SERB/F/9855/2021-2022 dated 09 March, 2022

6. The release amount of Rs71620000/- (Rupees Sixteen Lakh Twenty Thousand only) will be drawn by the Under (
Secretary of the SERB and will be disbursed by means of RTGS transaction as per their Bank details given below:

PFMS Unique Code MHST00012031
Account Name Principal Krishna Mahavidyalaya UGC A/C
Account Number 20240700009
Bank Name & Branch Bank of Maharashtra Anu Sonai Complex, At Post, Shenoli, Tal. Karad, Dist. Satara.
IFSC/RTGS Code MAHBOO00S62
Email id of A/C Holder kmr_sspmi@yahoo.co.in
Email id of PI dhanuphysics@gmail.com
o ’C\,‘}_/\‘_—/
(Dr. Thangaradjou T)
Scientist F
msls@serb.gov.in
To,
Under Secretary

SERB, New Delhi

Copy forwarded for information and necessary action to: -

The Principal Director of Audit, A.G.C.R.Building, Illrd Floor L.P. Estate, Delhi-110002
Sanction Folder, SERB , New Delhi,

File Copy

Dr. Dhanaji Suresh Dalavi

PHYSICS

KRISHNA MAHAVIDYALAYA, RETHARE (BK) , Julewadi, Satara, Maharashtra-415302
Email: dhanuphysics@gmail.com

Mobile: 919527350402

(Start date of the project may be intimated by name to the undersigned. For guidance, terms &
Conditions etc. Please visit www.serb.gov.in.)

5, Principal,

KRISHNA MAHAVIDYALAYA, RETHARE (BK), Julewadi

(Receipt of Grant may be intimated by name to the undersigned)

ol ko a2
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(Dr. Thangaradjou T)

Scientist F
msls@serb.gov.in
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Founder : Hon. Jaywantrao Bhosale
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Email : kmr_sspm@yahoo.co.in

NAAC "B+" Grade (CGPA 2.65)

KRISHNA MAHAVIDYALAYA, RETHARE BK.

Shivnagar, Tal. Karad, Dist, Satara, 415108 (M.S.) Ph. : 02164-266346, Fax : 02164- 266347 .
Website : www.krishnamahavidyalaya.co

President : Dr. Suresh Jaywantrao Bhosale
Principal : Dr. Salunkhe C. B., M.Sc; Ph.D.

Key Indicator 3.1 - Resource Mobilization for Research

endowments in the institution during the year (INR in Lakhs)

3.1.1.1: Total Grants from Government and non-governmental for research projects,

Year 2020-21

Name of the Research | Name of Department | Year of | Amount | Duration | Name of the
Project/ Endowments | the of Principal | Award | Sanctio | of the Funding
Principal Investigator ned (in | project Agency Type
Investigator Lakh) (Government
/Co- /non-
investigator Government)
Nil Nil Nil Nil Nil Nil Nil Nil
Total | 00

Krishna Mahavidyalayy, Rethare Bk
Tal. Karad :415 1

(M.S)




Founder : Hon. Jaywantrao Bhosale
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Email : kmr_sspm@yahoo.co.in

KRISHNA MAHAVIDYALAYA, RETHARE BK.

Shivnagar, Tal. Karad, Dist. Satara, 415108 (M.S.) Ph. : 02164-266346, Fax : 02164- 266347
Website : www.krishnamahavidyalaya.co

NAAC "B+" Grade (CGPA 2.65)

President : Dr. Suresh Jaywantrao Bhosale
Principal : Dr. Salunkhe C. B., M.Sc; Ph.D.

Key Indicator 3.1 - Resource Mobilization for Research

3.1.1.1: Total Grants from Government and non-governmental for research projects,

endowments in the institution during the year (INR in Lakhs)

Year 2019-20

Name of the Research | Name of Department | Year of | Amount | Duration | Name of the
Project/ Endowments | the of Principal | Award | Sanctio | of the Funding
Principal Investigator ned (in project Agency Type
Investigator Lakh) (Government
/Co- /non-
investigator Government)
Synthesis and | Dr.D.S. Physics 2018 1.25 2 years Shivaji Government
characterization of | Dalavi University,
nanostructured Kolhapur
Tungsten oxide
conducting polymers
core-shell
nanostructures  for
efficient
electrochromic smart
windows
Synthesis and | Dr.D.S. Physics 2019 0.1 1 year Shivaji Government
characterization  of | Dalavi University
WO3 thin film by sol Minor
gel route for Research
electrochromic smart Project
window application. under lead
college
activity
Total | 1.35

Krishna Mahavidyalayy, Rethare Bk,

Tal. Karad :415 1 (M.S)
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Shetkari Shikshan Prasarak Mandal’s
Krishna Mahavidyalaya, Rethare Bk
IQAC 2019-2020

ACTIVITY REPORT
PHYSICS DEPARTMENT

IQAC ACTIVITY No:

NAME OF THE ACTIVITY: “Lead college Activity-Research Project: “Synthesis and characterization d
WO: thin film by sol gel method for smart window application.”

DATE FACULTY | DEPARTMENT/COMMITTEE COO;:K::QTOR
o i : . Dr. Dhanaji S.
Throu,_‘hou)t’ eﬂ; academic Beience Physics D a.lavij
NATURE:
TIME VENUE | NUMBER OF PARTICIPANTS o T
Physics 04 students+01 teacher Indoor
laboratory
SUPPORT/ASSISTANCE: Nil

BRIEF INFORMATION ABOUT THE ACTIVITY (CRITERION NO. -

):

TOPIC/SUBJECT | “Lead college Activity-Research Project: “Synthesis and characterization of WO;

OF THE thin film by sol-gel method for smart window application.”

ACTIVITY

OBJECTIVES to analyze a scientific occurrence with an investigation or to solve a problem
with an invention.

METHODOLOGY | Experimental work

OUTCOMES students become active, engaged learners. It also helped students to develop
independent critical thinking skills.

PROOFS & DOCUMENTS ATTACHED (Tick mark the proofs attached):

1. Notice &

2. Studentlist | 3. Activity 4. Photos 5. Feedback form
Letters of report
6. Feedback 7. News clip 8. Certificate 9. Any other 10.
analysis with details
IQAC CELL ACTIVITY NUMBER:
NAME OF NAME OF HEAD/ PRINCIPALS | IQAC COORDINATOR (SEAL
TEACHER & COMMITTEE INCHARGE | SIGNATURE | & SIGNATURE)
SIGNATURE & SIGNATURE
Dr. Dhanaji S. Dr. Dhanaji S. Dalavi
Dalavi e ;
o qgﬂj O ' (L, .
HEAD IQAC, Coordinator,
! KRISHNA MAHAVIDYAL
Dggﬁﬁgﬁﬁﬂg PHYSICS 2, | Rethare Bk; Shivnagar - 41
__RKe!hare Bl Shi IDYALAYA,  Kristna Mahavidyaaya, Relhar BK,

vhagar -41510'8

y
Tal. Karad ;41% 108 (MS)

lal. Karad, Dist, Satara

AYA,
5108



| "Edtcaton trough sefthelp s our ot Kamaveer Rayat Shikshan Sanstha's Estd.: 1854

SADGURU GADAGE MAHARAJ COLLEGE, KARAD

VIDYANAGAR, Pin - 415 124, Dist. Satara (M.S.) INDIA P.O. Box No.3
Ph. Office : (02164) 271346 Resi. (02164) 271794 Fax. (02164) 271346
Website : www.sgm.edu.in E-mail : sgmkarad@yahoo.com

mﬁrwmm e

ARTS, SCIENCE, COMMERCE & VOCATIONAL (Junior & Senior)

mJr. College No. j.21.02.003 m (Affiliated to Shivaji University, Kolhapur) m
Accredited A’ with CGPA 3.63 by NAAC ® IS0 9001 : 2015 Certifled College

@ Principal : Dr. Mohan Rajmane m.sc., Ph.D.

Ref.No.|689) 1q- o Pate: 64711/ 2019

i

The Principal,
Krishna Mahavidyalaya Rethare (Bk.)
Tal.Karad, Dist. Satara.

Sub. : Submission of Research Project under Research Promotion
Activity ofr College Students.

| am pleased to inform you that the Research Project under the Research

Promotion Activity of the Shivaji University, Kolhapur is received with following details.

Name of Project : . Amount
Advisor Name of Students Title of Project Estimate Rs.
Dr. D. S. Dalavi 1) Lad Divya Dilip Synthesis,
Characterization of WO3
2) Moaohini Rajendra thin film by sol-gel route 10,000/-
Harale for electrochromic smart

windows application. .
3) Ashlesha Arun Patil

4) Aniket Anil Dmame

Financial assistance under this scheme is subject to final approval and

directions of the university.
Thank you,

Yours faithfully,

- Qb P\;F;;?;

JN Lead College,
9340_ Sadguru Gadage Maharaj College,
y KARAD

Krlgfma Mahavmualaua Shwnmt

\\
/\\ mwgrd No..
I’Liu ‘Tl‘.”tﬁ lfl
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Shetkari Shikshan Prasarak Mandal's

KRISHNA MAHAVIDYALAYA, RETHARE BK.

Shivnagar, Tal. Karad, Dist. Satara, 415108 (M.S.)
Email : kmr_sspm@yahoo.co.in Website : www.krishnamahavidyalaya.com
NAAC 'B+' Grade (CGPA 2.65)
Principal (I/C) : Dr. Salunkhe C. B., M.Sc,, Ph. D. Founder : Hon. Jaywantrao Bhosale

Ref. No. : KMR/ 313 [2019-202 0 pate; 08—03-2020 .
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7 . AT
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Rrog - 3TATOTT FETTCATORT et Taaeedr Rad HreiFeedr Tardr 3ga .
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Heled,
faraTsiy fe@rdiaTear Research Promotion activity for students of the affiliated

collages FepTsA3 T GoFRTaeaTeRdIe fagzmeatear “Synthesis, Characterization of

j WO; thin film by sol-gel route for electrochromic smart windows application” FREd

1 St T8 RAEETdE &, fo,000/- FOT FEAITET R SRTer TS SvTey <.
¢0,000/- THEEETFE TFFLCHE 5106313 . 18/02/2020 Ty TSI 3787 TFHR alel
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Dr. Dhanaji S. Dalavi,
Assistant Professor

Department of Physics,
Krishna Mahavidyalaya,
Rethare (Bk).
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To,
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college Activity research project.

Respected Sir,
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1. Introduction:

The term chromogenic is referred to as the change in optical properties of the
compound when it is subjected to change in their environment. So, depending upon the
chosen environment chromogenic devices are divided into thermochromic device,
photochromic device, electrochromic device, phase dispersed liquid crystal device,
gasochromic device and suspended particle liquid crystal device. The history of
electrochromism started in 1704, when Diesbach discovered the Prussian blue, an excellent
dye which had also electrochromic properties. This material changes its color from dark
blue to transparent when a voltage is applied across it. In 1815 the electrochromism of
WOs3 was discovered, by Berzelius [1]. In fact, it was showed that pure W03 changed color
on reduction when warmed under a flow of dry hydrogen gas. Later in 1824 Wohler
effected a similar chemical reduction with sodium metal. Kobosew and Nekrasso in 1830,
recorded that WO3 powders could acquire the color blue by electrochemical reduction in an
acidic solution. The first step towards an electrochromic device was taken in 1942 by
Talmey, in studies on the coloration associated with electrolytic reduction of artificially
produced particulate molybdenum and tungsten oxide layers. In 1953 Kraus made a very
clear description of electrochromism in tungsten oxide films. As none of these studies
attracted much attention, probably most current investigators attribute the first widely
accepted suggestion of an electrochromic device to Deb, in 1969, with the tungsten oxide
films, and after this point, there was a visible increase of the interest in electrochromism. In
spite of the innovation on Deb’s first electrochromic device it wasn’t able to keep up with
the fast development of liquid crystal devices [1, 2].

In 1971, Blanc and Staebler produced an electrochromic effect superior to most of the
previously published. They applied electrodes to the opposing faces of doped, crystalline
SrTiO3 (Strontium Titanium Trioxide) and observed an electrochromic color move into the
crystal from the two electrodes. In 1972, Beegle developed a display having identical
counter and working electrodes as the one from Blanc and Staebler, but made of W03 [1, 2].
Nowadays, Deb’s paper form 1973 is quoted as the work responsible for the true birth of
electrochromic technology. Faughan et al. [3] in 1975 accomplished a significant progress

in developing the electrochromic display device. This was followed by an increase in



electrochromic devices developed for display applications. Nevertheless, electrochromism
has remained an active area for basic and applied research, with large possibilities for
applications in emerging technologies.

The interest was boosted in the mid-1980s with the awareness that
electrochromism was of much interest as a mean to achieve energy efficiency in buildings,
using smart windows [4]. The smart windows and other electrochromic systems consist of
two electrodes and an electrolyte. When applied voltage with appropriate polarity, charge
in the cell drives in and out of the electrochromic material and an electrochemical redox
reaction causes a corresponding color change. Therefore, electrochromic materials are
currently attracting much interest in industry for their commercial applications [5]. In the
recent year various attempts has been made to prepare nanostructured electrochromic
devices with the help of various sophisticated physical and chemical techniques and tools.
Physical techniques require sophisticated instruments which are of high cost which impact
on the end product to be delivered in the market. Sol-gel route is the simple and
inexpensive technique which is capable to produce highly transparent nanostructured W03
thin film.

Therefore, in the present project an emphasis has been given to synthesize W03

thin films by simple, low cost sol-gel dip coating technique.

2. Synthesis of Nanostructured WO3 thin film:

The precursor solution used for the deposition of WO3 thin films was prepared by
dissolving 7.48 g of tungsten metal powder (99% pure, Sigma Aldrich) in 80 ml of H202
(30%) [6]. The reaction mixture that was kept for 48 h with constant stirring yielded a
deep yellow-coloured PTA sol. As reaction being exothermic, it was conducted between 0
and 10°C in an ice bath. After completion of reaction the reaction mixture was filtered with
whatman filter paper and heated at 55 °C in order to remove excess peroxide. As-prepared
sol was used as a starting precursor for the deposition of WOs3 thin films and kept for to
form gel. The WOs thin film of desired thickness was deposited by using sol-gel dip coating
method.



3. Characterization:

The structural properties of the films were studied by X-ray diffraction (XRD)
patterns recorded using X-ray diffractometer (Bruker AXS Analytical Instruments Pvt. Ltd.,
Germany), D2 phaser model with Cu-Ka radiation (k = 1.5418 A° ). The scanning rate of
10°/min was applied to record the patterns in the range of 10° -80°. The infrared (IR)
spectrum of powder collected from all NiO samples were recorded using Perkin-Elmer IR
spectrophotometer (model-100) in the spectral range of 400-4,000 cm~1. The pellets were
prepared by mixing KBr with WOs powder collected by scratching film from glass
substrates, in the ratio 300:1 and then pressing the powder between two pieces of polished
steel. The surface morphology of the films was examined by scanning electron microscopy
(SEM; Model JEOL-JSM-6360, Japan, operated at 20 kV) with a thin layer of gold sputter
coated prior to analyses. The optical transmittance spectra of fully colored and fully
bleached states were measured over the range of 350-1,100 nm using an UV-vis
spectrophotometer (Shimadzu, model: UV-1800, Japan). All the electrochromic
measurements were performed in an electrolyte (1 M LiClO4+Propylene carbonate) in a
conventional three-electrode arrangement comprising platinum wire as the counter
electrode and SCE serving as the reference electrode using electrochemical quartz crystal
measurements (model-CHI-400A) made by CH Instruments, USA. Colorimetric
determinations were done with the help of Shimadzu color analysis software by analyzing
the transmittance spectra of color/bleach state to evaluate the L*a*b* and Yxy coordinate
values. These obtained values were used as reference data in order to get the observed
color in reduced and oxidized state for all samples from online color analysis software with

1931 2° observer and D-65 illuminant proposed by CIE Yxy and L*a*b* coordinate.

4. Results and Discussion:

4.1 X-Ray Diffraction:

The X-ray diffraction (XRD) pattern of nanostructured WOs thin film deposited on
ITO/glass substrate is shown in Fig.1. [t was observed that, the XRD exhibits a broad hump
in the low 20 region for nanostructured WOs thin film typically of an amorphous in nature.

Normally, amorphous WOs3 film is more suitable than crystalline WOs film for



electrochromic applications. A crystallized structure is less favorable for ions to diffuse
through because of the densely packed atomic structure and due to this lithium ion
movement through the film is obstructed by the dense structure leading to a lower
response time. X-ray diffraction patterns realized on these film allowed to confirmed that
WOs film is totally amorphous. Such characteristics, typical of amorphous materials

combined with a nanostructured WOs, are favorable for a fast-electrochromic response.
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Figure.1 X-ray diffraction pattern of sol-gel deposited WO3 thin film

4.2 FT-IR Analysis:
Fig 2. Shows FT-IR spectra of sol gel deposited nanostructured WOs3 thin film. A
single absorption band observed at 950 cm! is characteristic for the terminal W=0

stretching vibration in tungsten trioxide [7].
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Figure.2 FT-IR spectrum of sol-gel deposited WQO3 thin film.

A well-defined bands seen at 799 and 883 cm, in the spectra of nanostructured
WOs3 thin film is due to the (O-W-0) inter bridging stretching mode in WOs3 [8]. However,
the band at 633 cm~1 is due to W-0-W stretching vibrations. A band centered at 1626 cm-!
ascribable to the 8(H-O-H ) deformation mode is also observed in spectrum of the NPs-
WO3 thin film and a band due to the W-OH...OH:2 stretching mode of hydroxyl groups linked

to tungsten on one side and hydrogen bonded with water molecules, on the other, is

produced at 1403 cm1[9].

4.3 Morphological Study:

Fig. 3 (a and b) shows low- and high-resolution SEM images of nanostructured W03
thin film. Fig. 3 (a and b) revealed agglomerated nanoclusters with average nanoparticles
size of 30-40 nm. The film is uniform in nature with high surface are which is beneficial for
good electrochromic performance. The thickness of the deposited film is observed to be

~950 nm as depicted in Fig. 3(c). The existence of tungsten and oxygen in the prepared film



was confirmed by the EDS results as shown in Fig 3 (d). It is noted that the high oxygen
content in the results was due to the influence of the ITO glass substrate, which was also

confirmed by the existence of In and Sn in the EDS analysis.

Element Weight % Atomic %
OK 26.81 79.65

InL 7.25 3
SnlL 2.08 0.83
WM 63.86 16.51
Totals 100

ul Scale 310 cts Cursor: 0.000keY

Figure.3 (a and) shows low- and high-resolution images (c¢) cross sectional image of and (d)
EDS spectrum of nanostructured WO3 thin film deposited on ITO coated conducting glass
substrate.

4.4 Electrochromic Study:

Cyclic voltammetry (CV) technique is employed to investigate the cathodic/anodic
behavior of WOs thin film. The CV was recorded at different scan rates carrying from 20
mV/Sec to 100 mV/sec in 1 M LiCl04-PC electrolyte with a potential window of +1.4 to -1.4
V. The shape of the curves is typical of electrochromism in nanostructured WOs film. It is

observed that the cathodic and anodic current densities for the nanostructured WO0s3 film



was 4.5 mA/cm? (cathodic) and 2.5 mA/cm? (anodic) at the scan rate of 20 mV/Sec and
achieved a value as high as 6 mA/cm? (cathodic) and 3.9 mA/cm? (anodic) at 100 mV/Sec.
The progressive increase in the cathodic and anodic current densities with respect to scan
rate indicates the reduction of the W¢* ionic state to the W>* state due to intercalation of Li*
ions towards extreme cathodic potentials as a result of {WO03 + Li*+ e~ — LixWOs3} reaction
and eventually responsible for blue coloration. Upon anodic polarization (+1.4V), oxidation
of WOs3 takes place with simultaneous deintercalation of Li* ions and e- from the film to
acquire a transparent (bleached) state as a result of {LixW0O3s— WOs3 + Li*+ e~} reaction.
When the potentials swept from -1.4 V to +1.4 V the reduced W (i.e: W5*) gets converted
into W6+ state. It is well known that the area under the curve is directly related to the
amount of charge intercalated in the film. This confirms that the nanostructured WOs3 thin

film shows pronounced electrochromic properties.
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Figure.4 Cyclic voltammograms for the coloration and bleaching cycles of the
nanostructured WOs thin film recorded in 1M LiCl04-PC electrolyte at different scan

rates with a potential window from +1.4 to -1.4V versus SCE.
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4.5 X-Ray Photoelectron Spectroscopy Analysis:

X-ray photoelectron spectroscopic (XPS) analysis was carried out on the
nanostructured WOs thin film to investigate the generation of reduced and oxidized
tungsten species under the influence of cathodic and anodic potentials. The binding
energies of the samples were corrected using a value of 284.6eV for the C 1s peak of
carbon. There is no other contaminated element except C in the nanostructured WOs film.
Fig. 5 (a) shows the XPS spectra of nanostructured WO3 film under the action of anodic

(+1.4 V) potential.
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Figure 5. High resolution XPS spectra (a and b) of the W (4f) and (c and d) O (1s) core

levels of the WOs thin film in bleached and colored state, respectively.

The analysis using XPS revealed a tungsten 4f spectrum in the bleached state composed of

the W4fs/2 and W4f7,2 peaks, which may be deconvoluted into Gaussian peaks centered at
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38.21 and 36.11 eV, with XPS W4f7,2-W4fs,2 spin-orbit separation being 2.05 eV and the
area ratio of the two peaks of each doublet being 0.96 corresponds to the tungsten in Weé+
valence state, which suggests that the film have nominal stoichiometry [10]. On the other
hand, the other doublet at 35.28 and 37.05 eV corresponds to a typical W5+ oxidation state
of W. However, during cathodic (-1.4 V) potential (colored state) peaks corresponds to
W4f7,2 and W4fs,2 shifts toward lower binding energies located at 35.77 eV, 35.11 eV and
3792 eV, 36.41 eV respectively (Fig.5 (b)). This indicates that the redox reaction takes
place between W6+ and W5+, The XPS O1s spectrum in both bleached and colored state has
been deconvoluted into two components (Fig.5 (c, d)). The binding energy of the first
component situated at 529.74 eV (before coloration) above the W 4f7,2 core level line,
corresponds to the W=0 bond in the oxide (Fig.5 (c)). However, there is increase in the
intensity and shift in binding energy towards higher energy (533.12 eV) after coloration.
The second component in both bleached and colored state observed at about 530.94 eV
and 530.98 eV could be assigned to water bounded in the film structure or to water

molecules adsorbed on the sample surface [11].

4.6 Reversibility:

Chronocoulometry gives quantitative information about the number of
protons/ions intercalated or deintercalated on the application of a potential double step for
a known amount of time. The reversibility is then given by the ratio of charges
deintercalated to the charges intercalated,

i.e.

Dy
%

From the chronocoulometry studies (Fig. 6), the electrochromic reversibility of

Reversibility =

nanostructured WOs film was found to be 75 %.
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Figure. 6 Chronocoulometry curves of a nanostructured WOs thin films recorded in
recorded in 1M LiCl04-PC electrolyte upon application of step potential of -1 to +1.4
V vs SCE.

4.7 Optical Transmittance Study:

Fig.7 (a) shows the optical transmission spectra of WO3 thin film at different applied
potentials of -0.2, -0.6, -1.0 and -1.4 V respectively, in the wavelength range from 300 to
1100 nm. The optical transmittance of nanostructured W03 thin film in the bleached state
(+1.4 V) was found to be 67 % at 555 nm and it changes immensely to 3 % as the potential
switched to -1.4 V. Therefore, the optical transmittance modulation of nanostructured W03
thin film was 64 %. The enhancement in the transmittance modulation of nanostructured
WOs thin film because of large surface area and increased textural boundaries where actual
coloration/bleaching processes take place. The coloration efficiency (g) describes the
optical density change (AOD) at a specific wavelength as a function of the injected/ejected
electronic charge (Qi), i.e., the amount of charge required to change the optical density, as

shown in Eq. 2 [12].
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where Tb is the bleached transmittance and T. is the colored transmittance. The coloration
efficiency of the nanostructured WOs thin films has been shown in the Table.1. The high
coloration efficiency supports from the fact that nanostructured WOs with smaller
dimensions prepared by sol-gel provide larger surface area for charge-transfer reactions. It

makes the diffusion of ions easier among the materials.
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Figure 7. Optical transmission spectra showing colored and bleached states of WO3

thin film with respect to applied potential.
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Table.1 shows various preparative parameters evaluated from electrochromic

and optical transmittance studies.

Applied Photopic Photopic Optical Coloration efficiency
Voltage  Transmittance T (%) Transmittance Density (cm2/C)
(Tp) (Tp) difference (AOD) a=555 nm A=555 nm
bleached  colored ATphotopic (%)

-0.2 67 515 15.5 0.2631

-0.6 67 24 43 1.02 116

-1.0 67 9 58 2.007

-1.4 67 3 64 3.10

4.8 Chromaticity Analysis:

A two-dimensional x-y representation known as the chromaticity diagram utilized to
identify the colors of WOs thin film in its oxidized and reduced state as shown in Fig.8 (a-b).
The shift in x-y co-ordinates occurs once the potential switched from oxidized to reduced
state. Fig.4 (a) shows the CIE chromaticity curve of nanostructured WOs thin film at
different applied potentials. Initially when nanostructured WOs thin film is in oxidized
state, exhibits a transparent state and its position on the chromaticity curve is close to the
white point. As cathodic potential increased from +1.4 to -1.4 V, color of the film immensely
changes from transparent to dark blue state as seen by the shift in the position of the x-y
coordinate on the chromaticity diagram. In the CIE 1931 Yxy color space, the tristimulus
value Y is defined as a measure of the brightness or luminance of the color [13, 14]. Fig.8
(b) shows the relative luminous transmittance (% Y) with applied potential for
nanostructured WOs thin film. As the potential is switched from +1.4 V to -1.4 V vs SCE, a
large change in the xy coordinates occurs as the relative luminance changes from 67 %

(bleached) to 3 % (colored) having luminous transmittance difference (AY) of 64 %.
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Figure 8. (a) CIE 1931Yxy chromaticity diagram and (a) Luminous transmittance for
WOs thin film at different applied voltage. The dotted horizontal lines (Fig.8 (b))

indicate difference of luminous transmittance in its colored and bleached state.
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Conclusions:

Nanostructured WOs thin film has been deposited by sol-gel dip coating method for
energy efficient electrochromic smart window application. The XRD pattern confirms the
formation of nanocrystalline WO3 thin film with amorphous background which is suitable
for electrochromic window application. A well-defined bands observed at 799 and 883 cm-
1 in the FT-IR spectra of nanostructured WOs thin film is due to the (0O-W-0) inter bridging
stretching mode in WOs3 confirms the formation of WOs. From electrochromic study it has
been concluded that the sol-gel deposited nanostructured WOs3 thin films exhibits
transmittance modulation of 64 % at 555 nm, reversibility of 75 % and coloration
efficiency of about 116 cm?2/C. The good transmittance modulation and excellent coloration
efficiency of the WOs thin films is due to large surface area provided by nanostructured
WOs3 thin film. From CIE system of colorimetric analysis and Luminous transmittance
modulation it has been evidenced that the color of the W03 thin immensely changes from
transparent to deep blue which confirms that the film deposited by sol-gel route are well

suited for energy efficient electrochromic smart window application.
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1 INTRODUCTION

Conducting polymers show the remarkable properties of be combining properties of
organic polymers in tandem with electronic properties of semiconductors. The ability to tailor the
structure of a conjugated polymer allows the rational synthesis of conducting polymers with a
broad range of electronic properties [1]. The electronic character of the polymer can be easily
manipulated by changing the nature of the repeating unit and the functional groups. Over the past
25 years, the conducting polymers belonging to polyenes or polyaromatics such as polyaniline,
polypyrrole, polythiophene, poly(p-phenylene) have attracted most attention [2,3] New chemical
and physical properties are imparted to conducting polymers by the addition of an appropriate
functional group to a conventional polymer [4]. The character and position of the side chains will
affect properties like solubility, band gap, ionic conductivity, morphology and miscibility with
other substances [5]. The ability to dope conjugated polymers electrochemically is significant,
because of the easy combination of synthesis and characterization methods. Electrochemically
synthesized polymer allows the determination of molecular weight and molecular weight
distribution. Many applications of conjugated polymers, such as light emitting electrochemical
cells [6,7], microactuators [8,9], energy storage [10], photovoltaic[11] and electrochromic
devices (ECDs) [12,13,14], and sensors [15] are based on electrochemical transition between
doped and neutral states or rely on the stability of a specific doping level.

Of the many conducting polymers available, PANI is emerging as a novel material due to
its techno-commercial applications and ease of synthesis [16]. Polyaniline (PANI) exists in a
variety of forms that differ in chemical and physical properties [17-20]. The most common green
protonated emeraldine has conductivity on a semiconductor level of the order of 10 S cm™, many
orders of magnitude higher than that of common polymers (<107 S cm—1) but lower than that of
typical metals (>104 S cm™). The changes in physicochemical properties of PANI occurring in
the response to various external stimuli are used in various applications [21-22], e.g., in organic
electrodes, sensors, and actuators [23-25].Other uses are based on the combination of electrical
properties typical of semiconductors with materials parameters characteristic of polymers, like
the development of “plastic” microelectronics [26],electrochromic devices [27], tailor-made
composite systems [28,29], and “smart” fabrics [30].

The establishment of the physical properties of PANI reflecting the conditions of

preparation is thus of fundamental importance by an occasionally expressed opinion that “there



are as many polyaniline as the number of people who prepare them”. The efficient
polymerization of aniline is achieved only in an acidic medium, where aniline exists as an
anilinium cation. PANI film is a multichromic polymer i.e. several colors appear as the polymer
traverses from the oxidized state to reduced state. Fully reduced PANI is transparent and called
leucoemeraldine, with a chemical structure as shown in Figure 1. The dark blue semi-oxidized
state in which both the forms are in equal proportion is named emeraldine base and the violet
blue fully oxidized material is termed pernigraniline base. Unlike other polyaromatics, none of
these states are electronically conducting, not even the fully oxidized pernigraniline form.
Instead, PANI becomes conducting when the oxidized states are protonated and a green
emeraldine salt is formed. This highly conducting doped form can actually be reached through
two completely different pathways. If the emeraldine base is treated with any acid, protonic acid
doping occurs as protonation of the imine nitrogen atoms —N==) creates positively charged
protonatedimines (-NH'-), balanced by negative ions from the acid. This is called as non-redox
doping. Chemical or electrochemical doping of the reduced leucoemeraldine base can also be
utilized to obtain the very same conducting salt [31].Colorless leucoemeraldine which constitutes
the bleached state is formed by chains of benzoid rings separated by nitrogen. This is in the
insulating state with a single absorption band at 3.8 eV corresponding to II-IT  transitions in the
benzoid rings. When the Nitrogen atoms become charged, a sharp polaron band appears
at~3eV.In ES, 1eV absorption is attributed to intrachain free carrier excitation [32] Anodicaly
coloring PANI is reported to have high contrast and multichromic efficiency [33]. A variety of
inorganic and organic acids of different concentration have been used in the syntheses of PANI;
the resulting PANI, protonated with various acids, differs in solubility, conductivity, and stability
Higher acidity of the reaction medium also leads to the increase in the conductivity. Variation in
pH on deposition of PANI is very profound. Acid doping of PANI leads to an increase in
conductivity by more than eight orders of magnitude [34]. PANI obtained at lower potentials
yield higher coloration yields. Over oxidation of PANI leads to degradation of polymer, so that is

another parameter which needs to be looked into.
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Fig.1. Various possible oxidation states of polyaniline.
The electrochromic process occurring in a PANI ECD in an electrolyte comprising of LiClO4 in

a solvent like Propylene Carbonate and Acetonitrile can be written as
PANI+xCIO; < (PANI*)(CLO; ) - 1

Many deposition methods like CBD, electrodeposition, dip coating, etc exist for the deposition of
PANI films. However, the In-situ chemical polymerizaion approach has several advantages in
that the conducting polyaniline blends and composites are supplied in the form of free standing
films and also that the electrical properties of the composites can be modified by simplyvarying
the conditions of electrolysis [31].The chemical synthesis is clean. When PANI film is oxidized
by chlorate ions, it turns bluish green due to formation of emeraldine base. PANI exists in the
quininoid form in this case.When ions reduce the film, the PANI film achieves the insulating
state changing from bluish green to transparent yellow due to the benzoid form. An ECD having
the following configuration Glass/ITO/PANI/LIC1O4+PC+ACN/Graphite was set up and tested

for its coloration efficiency, response time and optical density.

2. Experimental Procedure and Characterization Technique.

In a typical experiment 0.5 g of PVA powder with an average degree of polymerization
of 1750 was dissolved in 50 ml distilled water at 80 °C and stirred for an hour. An FTO electrode
of 2 cm” with resistance of about 15-20 cm” was washed with distilled water and acetone
successively. After drying the electrode at room temperature the PVA solution was casted onto
FTO substrate to form a PVA thin film by spin coating method. The electrode coated with the
PVA film is ready after drying at room temperature for one day. The polyaniline solution was
prepared at room temperature using a chemical bath (In-situ chemical polymerizaion) consisting

of ammonium persulphate (APS), hydrochloric acid (HCI), aniline and distilled water. 2ml of



aniline was dissolved into 30 ml of 1M HCI in a beaker. In another beaker 1.15 g of (NH4)»S,03
(APS) was dissolved in 20 ml of 1M HCI. The solution in the second beaker was poured slowly
into the first beaker and PVA coated electrode was dipped into PANI solution for 10 min. After
deposition, the electrodes were rinsed with distilled water for removing loosely bound PANI
precipitate particles. The thickness of films increases by increasing the deposition cycles. The
thin films of PVA/PANI were allowed to dry at 100°C for 5 h.

Prior to deposition, ITO glass substrates were given full cleaning treatment. First they
were cleaned with distilled water, acetone, ethanol, isopropyl alcohol and ultrasonic bath. Then
they were kept in the vacuum oven for 10 minutes. These cleaned ITO’s were stored for further
use of deposition of films. The number of cycles was varied in order to obtain smooth, well
adherent films. SEM images were taken to obtain information regarding the morphology of
PANI films. The films were characterized for the vibrational spectra using FT-RAMAN
spectroscopy. The Fourier transform Raman (FT-Raman) spectra of the films were recorded in
the spectral range of 250-1000 cm™' using FT-Raman spectrometer (Bruker MultiRAM,
Germany) that employs Nd:YAG laser source with an excitation wavelength 1064 nm and
resolution 4 cm™ . Electrochemical characterization were carried our using electrochemical quartz
crystal microbalance (EQCM) measurements (model-CHI-400A) made by CH Instruments,
USA. Optical characterizations were carried out using UV-Vis spectrophotometer (UV 1800,
Schimadzu, Japan). In-situ transmittance studies were carried out using a He-Ne Laser (A=632.8
nm), a Si photodiode and a storage oscilloscope. Colorimetric studies were done using computer
controlled software for a 2° observer using D-65 illuminant. Colorimetric determinations were
done with the help of Shimadzu color analysis software by analyzing the transmittance spectra of
color/bleach state to evaluate the L*a*b* and Yxy co-ordinate values. These obtained values
were used as reference data in order to get the observed color in reduced and oxidized state for
all samples from online color analysis software with 1931 2° observer and D-65 illuminant

proposed by CIE Yxy and L*a*b* coordinates.

3. Results and Discussion:
3.1 Scanning electron microscopy study
The morphological features of PANI samples deposited by in-situ chemical bath

deposition are shown in Fig.1. As the number of layers increases PANI thin films transfers its



morphology from smooth to granular structure which provide enough pathways for movement of

ions and solvent molecules within the films, thereby improving its coloration efficiency [35].
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Fig.1 SEM images of PANI thin films



3.2 Raman Spectroscopy:
Raman spectroscopy is a powerful tool to understand the vibrational properties of
molecules. It provides definite structural characterizations of PANI because of characteristic

dependence of Raman spectrum on the ring constituents of aromatic compounds.
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Fig.2. Raman spectra of PANI films deposited for different number of cycles.

Fig.2 shows the Raman spectra of PANI films deposited for different number of cycles. In the
spectra,-C-H bending of quinoid ring at 1180 cm™, —C-H bending of benzoid ring at 1247 cm®
!and C-C stretching of the benzene ring was observed at 1498 cm™ and 1600 cm™ respectively

revealing the presence of doped emeraldine PANI structure [36,37].

3.3 Optical studies
The UV-Vis absorbance spectra of PANI film was studied by measuring their visible
absorption spectra in the range of 190-1100 nm range. The Fig.3 shows the absorbance vs
wavelength studies of PANI thin film in two different states. In the as deposited state or the
colored state, the absorbance spectra show a broad absorption peak at 600 nm. When insertion of
ClOy ions takes place, PANI turns to a transparent pale yellow color. The absorbance in this case
is into the far NIR and the film appears transparent. Similar reports have been reported by other

groups [38].
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Fig.3. Absorption spectra of PANI (P5) sample in their colored and bleached state in the range of
190-1100 nm. Potential was swept from +1 V to -1 V vs SCE.
3.4 Cyclic voltammetry

Cyclic voltammetry of PANI films was performed in the three electrode cell in 0.5 M
LiClO4+PC+CAN (Fig.4). A potential window of -1 to 1 V for cyclic voltammetry studies was
chosen at different scan rates from 20mV/s to 100 mV/s. PANI film shows two cathodic peaks at
+0.38 V (C1) and -0.28V (C2). Upon the reversal of the potential from -1 V to +1V two anodic
peaks were observed at -0.45 V (A1) and +0.6 V (A2) respectively. The cyclic voltammetry was

carried out at different scan rates to gather information about the intercalation/deintercalation

kinetics.
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Fig.4 Cyclic voltammograms of PANI film recorded in 0.5 LiClO4+PC+CAN electrolyte. The

potential swept from -1 to +1V versus SCE at the scan rate of 20 mV/sec to 100 mV/sec.

Fig.5 shows the plot of square root of scan rate vs the peak anodic and cathodic current. The
linear curves show that the reaction is not limited by the ion mobility in the film. The diffusion
coefficient calculated for the anodic and cathodic peak current were found to be 6.7x10™"'cm?/s

and 4.4 x 107" cm%/s
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Fig.5. Graph showing linear variation of peak current with root of scan rate.
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3.5 In-situ Transmittance-Response time studies:
In-situ characterizations of PANI films were carried out to find the transmittance

modulation as a function of time.A square wave potential of + 1V was applied with a pulse width
of 15s. Initially as deposited PANI is in the colored state. When a negative pulse of -1V was
applied, the film switched from its conducting emeraldine state to transparent leucoemeraldine
state. The bleaching time is defined as the time taken for the transmittance to change from 0 to
80% of its maximum value. This switching time referred to as bleaching time t;, as seen from the
graph was found to be 0.80 s.In the reverse cycle,on the application of a positive pulse,the film
started to regain its colored state.This time is referred to as coloring time t.. The coloring time is
defined as the time taken for the film transmittance to change from100% to 20% of its maximum
value.This time was found to bel.10 s.Such fast response time makes the conducting polymers

ideal candidates for switching applications.

3

3
r

3
3

Transmittance, (T)
3
Transmittance, (T)
[4)]
o

WOF 40 ]
30 30 L 3
; JuuUl
20kt 1 1 1 1 1 1 20 . . . N
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Fig.6 In-Situ Transmittance-Time response of PANI thin film in colored and bleached state a)

for one cycle b) for 10 cycles.

3.6 Coloration Efficiency
The coloration efficiency (n) at a particular wavelength correlates with the optical
contrast, i.e. the change in optical density with charges intercalated per unit electrode area (g/A)

and it can be expressed as:

2303 loel
_ A0D Z.303 Dg,],.—c
@ g /A

(O e — 3)
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where T}, and T, are the transmittance in the colored and bleached state and Q; is the number of

charges into the film. The coloration efficiency was found to be 90.60 cm”/C

3.7 Colorimetric studies

Fig.7 shows the PANI films were characterized using color software for a 2° observer
using D-65 illuminant.The values of Lab are listed in the table.1.The xy value plotted for
different values of the applied potential. Unlike other polymers,PANI exhibits a parabolic curve
on the chromaticity diagram.The trajectory of PANI film follows a curved path is shown in the
chromaticity diagram.In the initial state,when PANI is in as deposited condition,it exhibits a
bluish green color.As the applied negative potential increases,the color of the film changes from
blue to green.With further increase in the negative potential,the film becomes light yellow or
nearly transparent in color.The Lab values in the initial and final stages are listed in the table.1.
In the colored state, L value is 57.17 i.e: in this case, the transmittance is low. The negative value
of ‘a’ at -11.44 and a high value of ‘b’ at 26.59 signify the bluish green tinge in the film. In the
bleached state, the L value changes to 86.25 signifying an increase in transparency of the film.
The value of ‘a’ and ‘b’ now fall down to -2.77 and 7.65 indicating a weak yellow color.The
dominant wavelength is found by drawing a straight line from the white point through the
position of the point at a specific coordinate. In the transparent state this wavelength is given by
575 nm. In the colored state, the dominant wavelength is found to be 500 nm. The changes in L
values in the colored and bleached state give the transmittance attenuation.This change in

transmittance is found to be 31.78.

CIE 1931 Chrome
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Fig.7. CIE 1931 xy chromaticity diagrams for oxidation/reduction (colored/bleached) of PANI
thin film.

4 Conclusions

PANI films were successfully deposited by in-situ chemical polymerization. The films s
had a smooth surface with a good adherence to the substrate.The thickness of the films was
varied with the number of cycles. SEM studies show transfer from smooth to granular structure
of in-situ chemically polymerized PANI films with increase in deposition cycle which are
advantageous for easy ion insertion /extraction.Raman spectra show the characteristic stretching
and bending vibrations.ECD comprising of PANI films show an optical modulation of 50 %. The
device shows a fast response time of 1.10 sec and 0.80 sec for coloring and bleaching
respectively. The films show a large variation of 31.78 in L~ value showing a good optical

modulation.
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