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UGC Regulation 2018: Option A

UNIVERSITY OF KERALA

Annual Self-Assessment for the Performance Based

Appraisal System (PBAS) for Option A
(As Per UGC (Minimum Qualifications for Appointment of Teachers and Other
AcademicStaff in Colleges and Measures for the Maintenance of Standards in
Higher Education) Regulations, 2018: Option A)

Session/Year: 30 Aug 2018 — 29 Aug 2019
PART A: GENERAL INFORMATION

1. | Name (In Block Letters) : SREEKANTH J. VARMA
2. | Father’s Name : PFAYACHANDRA VARMA K.
3. | Department : PHYSICS
4. | Current designation & Grade Pay : &S(S}.;S%AOI(;I)T FROFESSOR, Level 11
5. | Date of last promotion : B0-August-2017
To which Position and Grade pay are you an | |ASSISTANT PROFESSOR, Level 12
6. ) X
applicant under CAS (AGP 8000)
7. | Date of eligibility for promotion : B0-August-2022
8. | Date and Place of Birth : [10-Nov-1981; Cherthala
9. | Sex : MALE
10. | Marital Status : MARRIED
11. | Nationality : INDIAN
12. Indicate whether belongs to SC/ST/OBC . .GENERAL
Category
Sreevalsam, Thirunalloor, Cherthala,
13. | Address for correspondence (with Pin code) | : |Alappuzha - 688541
14. | Permanent Address (with Pin code) : |'Same as above’
.15 | Telephone No: +91-9496179724
16 | Email sjiv@sdcollege.in
17. Academic Qualifications (Matric till post-graduation):
% of Division/
Examinations Nam;::if poi .Board/ Yean: °f| Marks i Subject
versity Passing | optained Grade J
10® CBSE/AISSCE 1997 70.40 I NA
2 CBSE/AISSE 1999 63.80 I Bio-Maths
B.Sc. University of Kerala | 2002 g7.7 | Iclasswith Physics
distinction
M.Sc. Muitatiots Ciatidhy 2004 75.00 I Physics
University




18. Research Degree(s):

UGC Regulation 2018: Option A

22.

Research Experience excluding

years spend in Ph.D (in

years)
23.

Field of specialization under the
Subject/Discipline

. Date of s g
Degree Title Award University
Investigations on polyaniline based
ystems for technologically important] ; sl 4y :
Ph.D pplications and some novel polymers ag 29-Dec-2012 go;hm b
A echnology
rospective candidates for fabricating
olymer light emitting diodes
19.Appointments held prior to joining this institution
Designation Name of Date of Salary Reason of
employer Joining Leaving with leaving
Grade
20.Posts held after appointment at this institution
e Date of actual Joining
Designation Department F Grade
rom To
\Assistant . Assistant
Brofagacs Department of Physics, Sanatana Dharma | 30-Aug- | 29-Aug- Pinfbsanr
Stage [ College 2013 2017 AGP 6000
Research
Scientist .
NanoScience Technology Center, 29-July- | 28-July-
gg’é‘a" PDF, University of Central Florida, FL, USA 2016 2017 | FPostdoc
On-duty)
IAssistant o
Professor Department of Physics, Sanatana Dharma | 30-Aug- | 29-Aug-
Stage 11 College 2017 T
h g AGP 7000
21. Period of teaching experience : 06 years (UG & PG)

: 06 years 3 months

: Physics, Materials Science,
Supercapacitors, Wearable Devices

24. Academic Staff College Orientation/Refresher Course attended:

Name of the Course /Summer . Sponsoring
School Place Duration Agency
Smart Nanomaterials: Fundamentals NIT Calicut MHRD, Govt. of
to Applications (SNFA-2019) 25-29 March 2019 India
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UGC Regulation 2018 : Option A

PART B: ASSESSMENT CRITERIA FOR ACADEMIC/RESEARCH SCORE
(Please see detailed instruction of this PBAS Proforma before filling out this section)

CATEGORY: 1. TEACHING AND LEARNING RELATED ACTIVITIES

I a. Lectures, Seminars, Tutorials, Practicals, Contact Hours (give Semester-wise details,
where necessary)

% of
No. of No. of Classes/
Mode of ot cla;ses et taken
SLNo | Course/Paper Level e | EE as per
teaching* | yweek | conducted
o Wik documented
allotted | P vecard
ODD SEMESTER
PY 211- Classical
01 Mechanics S1 MSc L 2 2 100
PY 241 - Advanced
02. - S3 MSc L 2 2 100
PY 1551.2 -
03. [|Astronomy & S5 (0C) L 1 1 100
IAstrophysics
PY1542 - Quantum (
04 fogeghsaios S5 (Core) L 1 1 100
PY1331.1- Optics, ;
05. Magnetism 53 Matlhemams L 1 1 100
& Electricity (Complementary)
PY1141 - Basic
06. [Mechanics & S1 (Core) L 1 1 100
Properties of Matter
PY 1442- Mechanics,
Properties of matter,
07. [Error measurements, S3 (Core) P 1 1 100
Heat
fand Acoustics
. S3 Chemistry
08. [PY1432-Practical (Complenentary) P 1 1 100
: S1 Mathematics
09. [PY1432-Practical (Cominleentaty) P 2 2 100
PY 1442- Basic
10. DhysiosLah ] S1 (Core) P 2 2 100
EVEN SEMESTER
IPH 221- Modern
Optics and
01. [Electromagnetic e & st
Theory




UGC Regulation 2018 : Option A

(Department Time table/Statement of class engaged by teacher
attested by Principal or HOD)

PH 242 - Nuclear and
02. Particle Physics 4 MSe i . 2 . 100
PY1642 - Nuclear &
03. atficle Physics S6 (Core) L 2 2 100
PY1431-Modern .
04. [Physics & (Sgoﬁatlg‘;‘l’;tt‘:fy) L 1 1 100
Electronics P
PY1241- Heat &
05. fhermo dgtcihics S2 (Core) L 1 1 100
PY1442- Mechanics,
Properties of matter,
06. [Error measurements, [S4 (Core) P 1 1 100
Heat
land Acoustics
. S4 Chemistry
07. [PY1432-Practical (Complementary) P 1 1 100
: S2 Mathematics
08. [PY1432-Practical Cormplenientary) P 2 2 100
PY1442- Basic
09. Pligsics Lab 1 S2 (Core) P 2 2 100
TOTAL 100
“Good” for 80% and above performance. “Satisfactory” for 70
) 0, ¢ J t1] 0
% to 80% performance. “Not satisfactory” for less than 70% Gl GOOD

*Lecture (L), Seminar (S), Tutorial (T), Practical (P), Contact Hours (C)

OVER ALL GRADE FOR CRITERIA I : GOOD

‘Good
Satisfactory
Not satisfactory

80% and above performance.
70 % to 80% performance.
less than 70% performance

e
4
; il - N:’m} P "
£y {.?

§ ¥ L .
& % \ ’.'
,/ v ':' 5\!»,,,‘4':(4 ?ﬂ 3
B . {. fq(\ E‘g W B
\ o wﬂmxé\" o0 ﬂ';g
:“7‘."2’1\ N £

'ﬁ\ 6‘*:)‘( J
A : ’a

T4 %gﬁ‘} o

T o il




UGC Regulation 2018 : Option A

CATEGORY: II. INVOLVEMENT IN THE UNIVERSITY/COLLEGE
STUDENTS RELATED ACTIVITIES/RESEARCH
ACTIVITIES

A. Administrative responsibilities

SL.No Type of Responsibility Role Performed
01  |[Department Research Committee Convener
02 |[DST-FIST Project Implementation Group
03 |[KSCSTE-SARD Coordinator
04 |S1 & S2 UG (Physics): Tutor Teacher-in-charge
Total number of activities 04 (Four)

B. Examination and evaluation duties assigned by the college/university or attending paper
evaluation

SL.No Name of Duty Role Performed
01  [University Examinations Invigilator
02  |Internal Examinations Invigilator
03  |Internal Examinations Question paper setter
04  |Internal Examinations Evaluation
05  |University Examinations [Evaluation
06  [University Practical Examinations [Examiner
07  [University Malpractice Prevention Squad ember
08  [MSc Photonics (ISP, CUSAT): Advanced Solid-State Question paper setter
Total number of activities 08 (Eight)

C. Student related co-curricular, extension and field -based activities

SL.No Type of Activity Role Performed
01 [RF Appointment, Christian College, Chengannur Subject expert
02  |Walk-with-a-scholar Mentor
03  [Student Tour Accompanying Staff
Total number of activities 03 (Three)

D. Organizing seminars/conferences/workshops and other college/university activities

SL.No Type of Activity Role Performed

01

Total number of activities 0
E. Evidence of actively involved in guiding Ph. D./ M.Phil. students
SLNo | Name of Student | Date of Registration U.O granting Registration*
(For Ph.D. only)
01 |Aruna Raj 27-06-2018 AcEVI(4)/118/PHY/16890/2018 dated 26-07-2018
02 ManjuV. 30-06-2018 IAcEVI(4)/118/PHY/17008/2018 dated 20-07-2018
Total number of students | 02 (Two)
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UGC Regulation 2018 : Option A
F. Details of minor/major research project sponsored by national or international agencies.

; - : Amount
SL.No Name of the project Funding Agency ssnctionediiilized
01
Total number of projects | 0

G. Details of Publication in peer-reviewed or UGC or University listed journals

UGC/ Ly i s Whether
: : ether peer 0.0
SI. Title with page University/ s e G T you arf:
No Nos Journal | ISSNJISBN the main
s . No not authors | A thor
Reflux Pretreatment Materials
Mediated Sonication: A Toda
01 [New Universal Route to Y | 1369-7021 Peer-reviewed 17 No
) (Impact factor:
obtain 2D Quantum
31.041)
Dots
citlise Materials
o2 [lectromagnetio Shield | “rog " | 2147853 | Peerreviewed | 02 b
using Conductive . Corr. author
o ; Proceedings
Polyaniline Films
Rapid Nanofabrication
of Nanostructured
Interdigitated
Electrodes (nIDEs) for .
Long-Term in vitro Biaerisom .
03 nalysis of Floman (Impact factor:| 2079-6374 Peer-reviewed 05 No
Induced Pluripotent a5
Stem Cell
Differentiated
Cardiomyocytes
Total number of publications | 03 (Three)

‘OVER ALL GRADE FOR CRITERIA II: GOOD

‘Good : Involved in at least 03 activities
Satisfactory : Involved in 01 — 02 activities
Not satisfactory : Not involved / undertaken any of the activities

(Number of activities can be within or across the broad categories of activities



UGC Regulation 2018

IV. SUMMAY OF ASSESSMENT

Session/Year: 2018-19

: Option A

Criteria Grade/Score
Teaching and -L?a}rmng related GOOD
| activities
Involvement in the University/College
students related activities/Research GOOD
1 activities
111 Research and Academic contribution NA




UGC Regulation 2018 : Option A

PART C : OTHER RELEVENT INFORMATION

Please give details of any other credential, significant contributions, awards received etc.

not mentioned earlier.

SI. No.

Details (Mention Year, Value etc. where relevant)

LIST OF ENCLOSURS: (Please attach copies of Certificates, sanction orders, papers etc. wherever

necessary)
01. epartment timetable
02. [Copy of Short-term FDP
03. [Certificate from the Principal for Category I & II
04. [Copy of the duty certificate: University Malpractice Prevention Squad
05. [Copy of the appointment order: MSc Photonics (ISP, CUSAT): Advanced Solid-State Theory
06. [Copy of the duty certificate: Subject expert, JRF Appointment, Christian College, Chengannur
07. HPoumnal 1
08. Journal 2
09. Journal3

I certify that the information provided is correct as per records available with the

University and/or documents enclosed along with the duly filled PBAS Proforma.

Alappuzha Signature of the Faculty with Designation
_ /12022

Signature of HOD/School Chairperson/Principal

NB: The Annual Self-Assessment Proforma duly filled along with all enclosures submitted for CAS



DEPARTMENT OF PHYSICS:- TIMETABLE FOR THE YEAR 2018-19
DAY CLASS HOUR 1 HOUR 2 HOUR 3 HOUR 4 HOUR 5
$1/52 PG RC X2 SRR MV TRS
$3/54 PG MV RS sL SKP X1
MONDAY | S5/56 UG SV RC SKP PRACTICALS
RC,TRS,EGS RC,SRR X2
OTHERS | IPHYSL | IMATHS X1 IIMATHSSIV | | CHEM EGS
Il PHY SRR
Il CHEM PRACTICALS
EGS,SIV,MV |  EGSXLX2
$1/52PG | SRR X2 TRS SIV RC
S3/4PG | e, PRACTICALS........coooo.orurr T
TUESDAY | S5/56 UG MV SRR MV X1 SKP
Il MATHS
OTHERS SKP | PHY SV Il CHEM X2
Il PHY PRACTICALS
SRRSKPX2  SRRSIV,MV
$1/52 PG SRR SIV MV SKP X1
$3/54 PG SKP RC X1 PRACTICAL SL
WEDNESDA
Y $5/56 UG EGS TRS sL PRACTICALS
RC,X1,X2 RC,EGS,SRR
OTHERS Il CHEM EGS | | MATHS X2
$1/52PG | ..PRACTICALS TRS...............
$3/54 PG EGS SV MV sL ] EGS
THURSDAY | 55/56 UG sL SRR X2 PRACTICALS
RC,X2,SRR RC,X2,MV
OTHERS | Il PHY RC Il MATHS PRACTICALS ICHEMMV |
SKP,X2,EGSX  SKP,RC,SRR,X
Il CHEM MV i 2 | MATHS PRACTICALS
X1,EGS,SIV,5K | X1,SIV,SRR,SK
P P
$1/52 PG SKP sL X1 PRACTICAL TRS
$3/54 PG SIV RC TRS SRR sL
FRIDAY | 55/56 UG RC X1 EGS SIV x2
OTHERS | PHY PRACTICALS
SIV,MV,TRS _SIV,SKP,MV | CHEM PRACTICALS
Il PHY SKP MV, X1,EGS | MV, X1, EGS
| MATHS X2

TRS: Dr.T.R.Sherly; SL: Dr.S.Lekshmi; SKP: Dr.Sreejith K.Pisharady; RC: Dr.Rakesh Chandran S.B; SRR: Dr.Rajesh S.R.;
MV: Manju V.; SJV: Dr.Sreekanth J.Varma; EGS: E.G.Sudhamani; X1: Guest faculty 1; X2: Guest faculty 2




Pational Institute of Technology Calicut

NIT Campus P.O. KOZHIKODE — 673601, KERALA, INDIA
MHRD Sponsored Faculty Development Programme

Certificate

This is to certify that

v SReEEkANGH: T - \YBRMA

Sannannn Onaemp (oLLEGE AwarpuzH B KERALA- 685003
has successfully completed the Faculty Development Programme on

Smart Nanomaterials: Fundamentals to >_uu=nm:o=w (SNFA-2019)
during 25-29 March 2019 organized by the

School of Materials Science and Engineering, National Institute of Technology Calicut

yan N. Varanakkottu Dr Soney Varghese
Coordinator Coordinator Head of the Department
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UNIVERSITY OF KERALA

Thiruvananthaperam, Kenala, India - 835034
{Re-2corrdited by NAAC with 'A” Grade)
(Established s University of Travancore by the Travancore University At 2 1937 and recorstiveted s
University of Keraia by the Kerala University Actof 1957 and precenty govemad by &2

Kerala University Act of 1974 passed by the Kerala State Legislative Agzzmbly)

No:M&C.1.3/1890/2019 Thiruvananthapuram,
Date:12.07.2019

DUTY CERTTFICATE

Certified that Dr. Sreekanth J Varma, Assistant Professor, Dept. of Physics, SD College,
Alappuzha was on examination duty for the days detailed below as the Member of the
Malpractice Prevention Squad constituted by the University of Kerala for Alappuzha-
Pathanamthirta District for the period from 08.04.2019 to 22.05.2019 & 30.05.2018 10
26.06.2019.

Duty Days:

April (2019):8, 10, 12, 25, 26,27, (Intervening holiday: 28), 29, 30

May (2019): 3, (Intervening holidays: 4, 5) 6, 7, 8, 9, 10, (Intervening holidays: 11, 12), 13, 14,
15, 16, 17, (Intervening holidays: 18, 19), 20, 21, 22, 31

TOTAL : 30 days
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UNIVERSITY OF KERALA

Thiruvansnthapuram, Kerala, India - 635 034
(Re-accredited by NAAC with ‘A" Grade)
(Established as University of Travancore by the Travancore University Act in 1937 and reconstituted as
University of Kerala by the Kerala University Act of 1957 and presently governed by the
Kerala University Act of 1974 passed by the Kerala State Legislative Assembly)

Thiruvananthapuram,

No:M&C.1.3/1890/2019
Date: 18.06.2019

DUTY CERTIFICATE

Certified that Dr. Sreekanth J Varma, Assistant Professor, Dept. of Physics, SD College,
Alappuzha was on examination duty for the days detailed below as the Member of the
Malpractice Prevention Squad constituted by the University of Kerala for Alappuzha-

Pathanamthitta District for the period from 30.05.2019 to 26.06.2019.

Duty Days:
June (2019): 6,7, 10, 12, 14

TOTAL 5 days
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4.

COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY
Cochin University P.O., Kochi - 682 022.

RADHAKRISHNAN K.T
DEPUTY REGISTRAR (EXAMS) II Date :29.09.2018
Phone: 0484 2575112

Email:deputyregistrarexams2@cusat.ac.in

CONFIDENTIAL
Sir/Madam,

I am to inform you that you have been appointed as Question Paper Setter
for the subject mentioned below.

I request you to kindly accept this offer and extend your service to conduct
the examination. Your acceptance may please be intimated in the form enclosed,
specifying your correct address. If it is not possible for you to accept the offer,
please send a reply immediately and the return of all enclosures sent herewith, will
be appreciated.

The typewritten question paper set may please be enclosed in the green
envelope and forwarded in the cloth lined cover to Dr. Sunil K Narayanankutty,
Controller of Examinations, Cochin University of Science and Technology,
Kochi-682022 by Registered Post/Speed post not later than the date mentioned
below.

Please ensure that the Title of the Question Paper set by you is the same as
in the title sheet provided along with the appointment letter. Also the Question
Paper (green cover) should be enclosed in the yellow cover specifying the reference
number.

The Syllabus, Stationery, model question papers ctc., are enclosed.
Remuneration for setting Question paper is 900/~ (per set).

Ref
Name of Examination

Subject

Last Date

To

Dr. Sreekanth Varma
Sanatana Dharma
College , Alapuzha
Kerala - 688 003

PH : 949617972

:EE1/542/2018
: M.Sc ( 5 Year Integrated ) in Photonics, VII

Semester Examination in November 2018

: CEL 2701 Advanced Solid State Theory

(prior to 2013 admission)

: VERY URGENT

Yours Sincerely,
g
A S
DEPUTY REGISTRAR (EXAMS II)



CHRISTIAN COLLEGE, CHENGANNUR

(NAAC Reaccredited A Grade Coilege)
ANGADICAL SOUTH P.O.. CHENGANNUR-689122, KERALA, INDIA

CC. No. 205/2017-2018
Dt: 22-12-2018

DUTY CERTIFICATE

This is to certity that Dr. Sreekanth ] Varma, Assistant Professor, Department of Physics, SD
College, Allapuzha served as the external subject expert for the interview held on 22.12.2018
at the Research Centre, Department of Physics, Christian College, Chengannur for the post of
Junior Research fellow in the research project funded by Department of Environment and

Climate Change, Government of Kerala
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Materials Today ® Volume 22 e January/February 2019 RESEARCH

Reflux pretreatment-mediated
sonication: A new universal route to
obtain 2D quantum dots

1,2,3
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Yang Liu "**", Chenglu Liang ", Jingjie Wu **, Sreekanth J. Varma >°,
Yusuke Nakanishi ', Amir Aliyan’, Angel A. Marti’, Yan Wang , Banghu Xie ?,
Jitesh Kumar °, Katherine Layne °, Nitin Chopra °, lhab Odeh °, Robert Vajtai ’,
Jayan Thomas °, Xiangfang Peng *, Wei Yang >, Pulickel M. Ajayan '

" Department of Materials Science and NanoEngineering, Rice University, 6100 Main Street, Houston, TX 77005, United States

2 College of Polymer Science and Engineering, Sichuan University, State Key Laboratory of Polymer Materials Engineering, Chengdu 610065, Sichuan, China
3 Department of Materials Science and Engineering, Fujian University of Technology, Fuzhou 350108, Fujian, China

“ Department of Chemical and Environmental Engineering, University of Cincinnati, Cincinnati, OH 45221, United States

® Department of Physics, Sanatana Dharma College, Alappuzha, Kerala 688003, India

6 NanoScience Technology Center, University of Central Florida, Orlando, FL 32826, United States

” Department of Chemistry, Rice University, 6100 Main Street, Houston, TX 77005, United States

8School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, PR China

°SABIC (Saudi Basic Industries Corporation), Sugar Land, TX 77478, United States

Although quantum dots (QDs) based on two dimensional (2D) materials have manifested fascinating
properties and promising applications in a wide range of fields, a low cost and non-tedious approach
for the preparation of atomically thick 2D QDs with high yield remains elusive. Herein, for the first
time, we demonstrate a reflux pretreatment-mediated sonication approach to produce a series of
ultrathin 2D QDs (e.g., graphene, TiS;, MoS;, MoSe,, WSe,, NbS,, SnS;, and h-BN QDs) from their bulk
counterparts. The solvent molecules, confined in the channels of layered materials during reflux, assist
the delamination and fracture of 2D sheets in the process of bath sonication. The resulting 2D QDs
exhibited uniform lateral size distribution of 2-7 nm and a mean thickness of 0.8-1 nm, almost
identical to the monolayer thickness of layered materials. To demonstrate the unique property of these
2D QDs, the optical limiting activity was studied using open aperture z-scan technique. TiS, QDs
exhibited appreciable nonlinear optical limiting, reaching 50% by a tapered and sharp absorption at
input laser fluence of 4.24 GW/cm?,

Introduction

Since graphene was successfully prepared by mechanical exfolia-
tion in 2004 [1], two-dimensional (2D) nanomaterials, including
transition metal dichalcogenides (TMDs, e.g., MoS,, WS;) [2-4],
hexagonal boron nitride (h-BN) [5], graphitic carbon nitride

* Corresponding authors.
E-mail addresses: Wu, J. (jingjie wu@uc.edu), Yang, W. (weiyang@scu.edu.cn), Ajayan, P.M.
(ajayan@rice.edu).

(g-C3Ny) [6], and black phosphorous [7], have attracted tremen-
dous attention in the past decade. These outcomes have led to
the elucidation of the laminar structures of layered materials
and fundamental understanding of their layer-dependent prop-
erties [8]. When these 2D materials are transformed into quan-
tum dots (QDs, lateral sizes being typically smaller than 10
nm), unique physicochemical properties are observed due to
prominent_edge exposure and quantum confinement effect

s

t{;\‘fm}&m‘pe potentially applied in photodetectors [12],

" These Authors contributed equally to this work. ! R ST
“f .{,f \‘ -
1369-7021/© 2018 Published by Elsevier Ltd. hitps://doi.org/10.1016/jmattod 2018.06.007 /7 # me@w 17
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Effective Electromagnetic Shield using Conductive Polyaniline
Films

Ranjini R.Mohan®, Sreekanth J.Varma®', S.Jayalekshmi®

“Division forResearch in Advanced Materials, Department of Physics, Cochin University of Science and Technology, Kochi-682022, Kerala,India
*Department of Physics, Sanatana Dharma College, Alappuzha, 688003, Kerala, India

Abstract

The present work is focused on the impressive electromagnetic shielding effectiveness of doped polyaniline films in
the C and X bands of the electromagnetic spectrum. The observed value of shielding effectiveness of about 37dB is found to
depend on the electrical conductivity and crystallinity of the films. The films synthesised by self-stabilised dispersion
polymerisation are found to be crystalline with appreciable electrical conductivity as evident from the structural and
morphological characterizations. The interesting feature is that most of the literature available on the shielding effectiveness of
polyaniline is restricted to thicker films. The values reported here for the C and X bands comply with the commercial standards
and are quite appreciable for micrometre thick films

© 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Materials For Energy and Environment.

Keywords: Electromagnetic Shielding, Doped polyaniline films,

1. Introduction:

The rapid developments in science and technology have improved the standards of human living beyond
imagination. As with any development, there are, however negative implications that need to be addressed. One of
such issues is that due to the unwanted effects of electromagnetic interference. Electromagnetic interference or EMI
in short, is a kind of silent pollutionthat poses threat to the smooth functioning of electronic devices. The origin of

* Corresponding authors.Tel:+91-9446419724
E-mail addresses: dr.sreekanthvarma@gmail.com; jayalekshmi@cusat.ac.in

2214-7853 © 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Materials For Energy and Environment.
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Rapid Nanofabrication of Nanostructured
Interdigitated Electrodes (nIDEs) for Long-Term
In Vitro Analysis of Human Induced Pluripotent
Stem Cell Differentiated Cardiomyocytes

Cacie Hart 12, Avra Kundu 2, Kowsik Kumar 12, Sreekanth J. Varma 23, Jayan Thomas 124 and
Swaminathan Rajaraman 1.2/5.6.*

1 Department of Materials Science & Engineering, University of Central Florida, 4000 Central Florida Blvd,

Orlando, FL 32816, USA; chart@knights.ucf.edu (C.H.); kowsik@knights.ucf.edu (K.K.);

Jayan.Thomas@ucf.edu (J.T.)

NanoScience Technology Center, University of Central Florida, 12424 Research Parkway, Suite 400,

Orlando, FL 32826, USA; avra.kundu@ucf.edu (AK\); dr.sreekanthvarma@gmail.com (S.].V.)

Department of Physics, Sanatana Dharma College, Alappuzha, Kerala 688003, India

CREOL—College of Optics and Photonics, University of Central Florida, 4000 Central Florida Blvd,

Orlando, FL 32816, USA

5 Department of Electrical & Computer Engineering, University of Central Florida, 4000 Central Florida Blvd,
Orlando, FL 32816, USA

¢ Bridging the Innovation Development Gap (BRIDG), 200 Neocity Way, Kissimmee, FL 34744, USA
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Abstract: Adverse cardiac events are a major cause of late-stage drug development withdrawals.
Improved in vitro systems for predicting cardiotoxicity are of great interest to prevent these events
and to reduce the expenses involved in the introduction of cardiac drugs into the marketplace.
Interdigitated electrodes (IDEs) affixed with a culture well provide a simple, suitable solution
for in vitro analysis of cells because of their high sensitivity, ease of fabrication, and label-free,
nondestructive analysis. Culturing human pluripotent stem cell differentiated cardiomyocytes
onto these IDEs allows for the use of the IDE—cell combination in predictive toxicity assays.
IDEs with smaller interdigitated distances allow for greater sensitivity, but typically require cleanroom
fabrication. In this communication, we report the definition of a simple IDE geometry on a printed
nanostructured substrate, demonstrate a Cellular Index (CI) increase from 0 to 7.7 for human
cardiomyocytes, and a decrease in CI from 2.3 to 1 with increased concentration of the model
drug, norepinephrine. The nanostructuring results in an increased sensitivity of our 1 mm pitch IDEs
when compared to traditionally fabricated IDEs with a pitch of 10 um (100 times larger electrode
gap). The entire nanostructured IDE (nIDE) is fabricated and assembled in a rapid nanofabrication
environment, thus allowing for iterative design changes and robust fabrication of devices.

Keywords: nanostructured Interdigitated Electrodes; shadow mask; cardiomyocytes; in vitro
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1. Introduction

Drug-induced cardiotoxicity accounts for one-third of safety-based withdrawn pharmaceuticals,
making it the number one cause of drug withdrawal, limitation, and development termination [1-3].
As of 2016, the Tufts Center for the Study of Drug Development estimates the cost of developing a new
drug is on average 2.89 billion US dollars [/4}j§$%\gg}mkugh cost, improved in vitro systems
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