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Abstract

Utilizing renewable energy sources is critical in reducing our dependence on non-renewable
energy resources. Renewable energy technologies such as solar, wind, biomass, hydro-power,
mechanical energy, and thermal energy have emerged as promising alternatives.
Thermoelectric generators (TEGs) can directly convert heat energy into electricity and vice
versa. Thermoelectric generators find diverse applications, including converting waste
thermal energy into additional electricity in power plants and factories, enhancing fuel
efficiency in automobiles, serving as radioisotope thermoelectric generators (RTGs) in space
probes, powering wearable microscale sensors, transmitters, and electronic devices by
utilizing body heat. Conducting polymer-based flexible thermoelectric generators (f-TEGs)
represents a promising avenue in energy harvesting. The present thesis focuses on enhancing
the thermoelectric properties of freestanding conducting polymer films by incorporating

nano-inorganic and carbon-based materials.

In order to perform work in this direction, first, freestanding, flexible films of the conducting
polymer, polyaniline (PANI), are fabricated by using the drop-cast method.  The
non-conducting PANI emeraldine base form is doped with camphor sulfonic acid (CSA) to
produce the conducting PANI emeraldine salt form. The thermoelectric properties of the
pristine PANI films are observed to be notably low. In order to enhance its thermoelectric
properties, different concentrations of graphitic carbon nitride (g-C3N,4) are introduced in the
PANI matrix. The g-CsN,; powder is synthesized employing the thermal polymerization
technique, utilizing melamine as the precursor.  Subsequently, nanocomposite films
incorporating PANI with varying concentrations of g-C;Ny, specifically, 0, 5, 10, and 20 wt%,
are prepared. Remarkably, the thermoelectric performance of the resulting composite films

improves after adding the g-C;N,4 nanosheets. The PANI composite film containing 20 wt% of
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g-C;N, demonstrates an impressive threefold enhancement in the power factor, attributed to

the improved value of the Seebeck coefficient (5).

In the subsequent step, ternary nanocomposite films are synthesized by incorporating
exfoliated g-C5N,4 and reduced graphene oxide (rGO) to enhance the thermoelectric properties
of the PANI film. The mobility (1) of charge carriers is enhanced, which can be attributed to
the m — 7 interactions occurring between the PANI chains and the surfaces of g-CsN, and
rGO. Furthermore, energy filtering of low-energy charge carriers at the interfaces leads to an
improved Seebeck coefficient. Consequently, the ternary nanocomposite film, with 5 wt%
g-C3Ny and 5 wt% rGO exhibits a ~5 times higher power factor and ~4.3 times higher figure

of merit (27) compared to the pristine PANI film.

Further, varied concentrations of two-dimensional tungsten disulfide (WS,) nanosheets and
carbon nanotubes (CNTs) are incorporated in the PANI matrix to study their effects on the
thermoelectric properties of the PANI film. The incorporation of WS, nanosheets leads to an
enhanced Seebeck coefficient ascribed to the high Seebeck coefficient of the WS, nanosheets
and the energy filtering effect at the PANI-WS, interfaces. @ However, the electrical
conductivity (o) of the composite is reduced after incorporating WS, nanosheets. In order to
compensate for the reduction in electrical conductivity, conducting CNTs are introduced in the
composite. The PANI/WS,/CNT ternary composite with 20 wt% WS, and 5 wt% CNTs
exhibits a ~13 times higher power factor and a ~10 times higher figure of merit (z7") at 323 K
in comparison to the pristine PANI film. These results demonstrate the potential of the
PANI/WS,/CNT ternary composite as a promising candidate for thermoelectric applications.
The simultaneous addition of high Seebeck coefficient filler (WS;) and highly conducting

filler (CNT) in PANI film results in a PANI/WS,/CNT ternary nanocomposite film with better



properties at room temperature compared to previous works.

Lastly, a freestanding flexible film of poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT:PSS) is prepared by the drop-cast method. The PEDOT:PSS is secondary doped
with dimethyl sulfoxide (DMSO) to improve its electrical conductivity. However, the Seebeck
coefficient of the doped PEDOT:PSS film remains low. In order to address this issue,
exfoliated g-C5N4 nanosheets are added to the PEDOT:PSS matrix at varying concentrations.
PEDOT:PSS/g-CsN4 composite film containing 10 wt% of the g-CsN4 exhibits ~5 times
higher Seebeck coefficient and ~11 times higher power factor at 313 K, as compared to the
PEDOT:PSS film. However, the incorporation of the g-C5N, results in a decrease in electrical
conductivity. Therefore, multiwalled carbon nanotubes (MWCNTs) are further incorporated
as conducting filler in the PEDOT:PSS/g-C5N4(10 wt%) composite film to improve its
electrical conductivity. The PEDOT:PSS composite film with 10 wt% g-CsN4 and 10 wt%

MWCNTs exhibits a ~20 times higher power factor as compared to the PEDOT:PSS film.

vi



qar

R-TdTeRuia TaTeHl U g fRAT Sl & e o foTg Tatenuiia Hott Jrdl o UIT Fecayul 8
TR, YaH, SRIHTE, TSt i et AR aTd SHelt Sreil Tdienioia Se1t Uraiiiieeat smsien
faerew 3 0 # 39A & adwE St AN A G FA & g Fdiwviia Fidt F St H e
ifyaref 81 arafaeda St (ST, S St A fasre § 3R gaes faudia ol @ s ot o
ufafid wed &1 arfagdta STt fafder s & Suah fhy S 8, o fostelt weist ok eram
# arafre ardta St @ sifafe fastett 3 uRafd &, Hee-ate & $e gardT 9eT, siafet st §
fafeur-aHEe drfagda ST (AREST) & 0 F 6 63T, AT AR T HEAT 6T JTANT Hich
UE AR PeH YR, groHieR 3R gelagie U @l Qfad UEH T M 81 dTdh Sgerdh!
R ATYTRA weiel dTafdgdia ST (Th-SiEsit) T Jalei Soll Joa § Teh HATASHS HTER hl
UlfTEreT ST &1 IdH ifEH AH1-HAHTe ek R HTe-ATETRA YT ohl AT Hlch ATeTeh Sgetehl
&1 T fhe! & arafagdia Uil 1 Jg W Higd 2|

2 foum & &rf # & forg, e vgd, arele 9gash, dieuHier (PANI) 6t wds, adie fret
&l da-FA&qur fafd 6T IUANT oeeh Hafva foram 71T R-a1eteh PANI UFRTeele &R Y S, dlcih
PANI UFRICSIE @dUT €0 H URTd o foly, hihy Gethiieh 37 (CSA) & |1y MY foam | Ja
PANI foeH! & dTafagdid 0T Ieeiea-1d $U F A 1T Q| 38 daiagdid TN & 96 & g,
PANI g & TwrEiedh e A15gres (g-C3N,) @i o= Figdrd gwmafra &1 =i €1 g-C3N,
T3S ! HEHIY TgeTchlohaUT dehriich ol IUTNT hich Tt foharm Tram, Tored qeadi o ®u # Aemrg
T IGFIT fohaT TTAT B | 3eh 1S, g-C3 N, St fafer= Figarsti, fadw su 0, 5, 10, 3R 20 wt% & Td
PANI # GHTAT YA §U AHIHRIY0T thed Fetfora ohl T | Iect@=ita U 8, TRUTHT A=tafrisror

TOheHT o1 ATafagdia Uee g-C; N, AHiefie &l Siig & a1a d&d? & a1l 20 wt% g-C3N, gerd PANI
ATrafeoT e, FHoil gedh H gHTasiTet di- 141 g aeridt &, fordent 917 dides 0Tieh (S) & dgdl

e I ST 2l
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3Tl TROT H, PANI fthert & drafageia ot sl g & forw smerfesrd g-C3 N, 3R safad a6
3188 (rGO) ol AT Thich ek ATGRYUT TOhed] ol Teaid fehaT AT €1 3TTALT dTgehi hl
TfaRfterdT (1) 9 TR, TSt 97 PANI $faetiaii 3R g-C3 N, 3R rGO i Idel o o4 8= arett 7 — 7

3iq:feparati ot T ST UehdT 81 59 3TeTTal, SidiTtheleh U &l Holl aTel dTof dTgehl ol il & I
Hieleh T[UTIeh H GUR AT TRUTHEIET, 5 wt% g-C3N, AR 5 wt% rGO aTeit BR[ur A& frisior fthed,
Tl PANI fohe bl qeteil # ~5 AT 3Afeeh St "eeh 3R ~4.3 T[T 3Afdes fR & Afte (2 7) walda
foram|

34k ], I-AAMH A SEHHES (WS,) Aiie 3R He AHicgs (CNTs) & fafd=
Higarali sl PANI 3(1egg # GHIAIRA foham 7 drfer PANI e & arafagdia 70t R I qral
g fam ST "kl WS, A-1efie & FHTae 8 dides Ui | gig gdll, St WS, Hiefie & 3=

Hieieh TUTih HR PANI-WS, SRT®eleh U Sl B9 UG & HRUT gaAT| &Tediich, WS, =-iefie &
FHIALH % F1& AIFSI0T <l fagd Aretendt (o) o & Tit| fagd =merehar § st <l wrurg & forg,
HEAYOT H ik CNTs ol MAe fRam mam 20 wt% WS, AR 5 wt% CNTs & HY
PANI/WS,/CNT 3 afffisor, 7 PANI fohed ol o=t # 323 K W &7 13 T[T 3AfAeh St
Hedh SR TR 10 TAT 318 TR &tk Afe (2 7) waiid &hear €1 3 aRom arafdgdia srguam &
oI Te SmmaTeies IFIGAR & ¥ H PANI/WS,/CNT 3 dF 1907 &t efar ot ueiid od ¢

PANI Tt # I=a Hidah 0TIk IRk (W'S,) R Fcafdes dreieh Geeh (CNT) &l Ueh T diefera
& PANI/WS,/CNT s Atafris(or fther a1, fS1deh arafagdig o1 R o draA W fusd
AT Il g 5 dgal 8|

dda:;, de-fFegur Oy grr  dfeli(3,4-ufeiersstaiifi i) dfeieerzda Hewie
(PEDOT:PSS) @i Ueh Tl erileil (e dR &l AT PEDOT:PSS @l g&eh! fagd =reterar &
YR F & (017 SEMaTsd ehiadiss (DMSO) & ary fgdiaes u 8 gt foma man gredite, 3

fRT 7T PEDOT:PSS Tthed o1 Hidleh 0TIk H W&l & | 38 THET &l 51 Hi o oIy, HAeT-37emT
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Higar # PEDOT:PSS g H ueifeshd g-C3N, "-iefie &l afeferd fowar @t PEDOT:PSS/g-
C3N, |0y fthert S H g-C3N, &1 10 wt% &id1 8, PEDOT:PSS fthert & gl # 313 K ®
~5 T[T A ik oTich AR ~11 TAT A el gedh USRI fhaT| graifo, g-C3N, & THTAT
3 fagd =Tetehe § 1 AT 81 38feTT, PEDOT:PSS/g-C3Ny(10 wt%) T fthed | g&eht fagd
TTeTehell el BT S o feTU Tg-dlaR shieie A-icgs (MWCNTs) @i TTefeh q3eh o 4 H ATHet feha

ATl 10 wt% g-C3Ny 3R 10 wt% MWCNTSs atett PEDOT:PSS A=I=9707 fthedt, PEDOT:PSS

TR ohl Qa1 H TRTHIT 20 AT 3ATeeh SHoll geeh Teisid foraT|
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