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ABSTRACT

The exponentially increasing requirement and usage of energy in our daily life has given rise
to a big push to the research in the area of ‘renewable energy’. Among various existing
solutions for renewable energy like solar, geo-thermal, wind, ocean etc., use of thermoelectric
materials takes the centre-stage. Thermoelectric materials work on the principle of
interconversion of heat energy (e.g., industrial waste heat) to electrical energy and thus are seen
as efficient source of energy without any adverse effect on climate and human environment. In
this field intensive research is ongoing in search of novel materials with large energy
conversion efficiency and the ability to replace the existing sources of energy like fossil fuel
or coal. The conversion efficiency of the thermoelectric material is decided by a dimensionless
parameter called “Figure of Merit” i.e., ZT = S?0T /k; where, S, ¢ and k are Seebeck
coefficient, electrical conductivity and thermal conductivity respectively. In order to replace
the existing energy solutions, the required ZT values are ~4-5; however, till now the maximum
ZT observed is ~ 2.5 to 2.8 for SnSe based compositions. The main impediment in improving
the thermoelectric efficiency is the interdependence of the parameters defining the ZT. To have
good thermoelectric efficiency, a high value of Seebeck coefficient and electrical conductivity

along with a low thermal conductivity is required.

Hence, in this thesis, we have focused our work on the study of oxides and chalcogenides-
based compositions for enhancing the thermoelectric efficiency near room temperature. For
this, initially we present the results of a comprehensive investigation of electric and thermal
transport properties of polycrystalline LagosSr0.05CoO3. We first investigate the lattice
modulation effect via heavy element doping within the system. For this a comprehensive
investigation of electric and thermal transport properties of polycrystalline Bi substituted Lao.os-
xBixSr0.05C0o03; for (LBSCO-0, 1 & 2) performed. The electrical resistivity reflects the
semiconducting nature with n-type to p-type transition ~ 52K for LBSCO-1 and LBSCO-2
samples. In the low temperature region, the dominant transport mechanism is found to be
variable range hopping (VRH), with hopping range decreasing with increasing temperature
from 95 to 20 A. The substitution of higher atomic weight element Bi at La site drastically
affects overall thermal conductivity by reducing the lattice contribution (~ 0.12W/m-K at 50K)
and also enhancing the Seebeck coefficient (S ~ 354 uV/K). The increase in the resistivity and

Seebeck coefficient for the Bi-substituted system is related to the decrease in the available



charge carrier concentration (~ 5.12 x 10°° ¢m™). The overall variation in the Seebeck
coefficient depicts a complex nature with a large decreasing trend below 50K followed by an
in-depth analysis of the Debye temperature (~ 470K) and e-ph coupling. These findings suggest
the Bi-substituted LBSCO system have phonon mediated charge transport via phonon drag
effect below 50K. Notably, we found a large increment in Z7 ~ (.17 at RT for LBSCO-2
composition that is 1-order larger than pristine undoped LBSCO-0 and even higher than the

other existing cobaltite’s-based thermoelectric choice.

In the second part, we analysed the effect on magnetic ion substitution on the thermoelectric
properties. For this, a detailed investigations on electrical, magnetic, and thermal transport
properties of a series of polycrystalline samples of Cr-substituted Lag.¢sBi0.20S10.15C003
(x=0,0.10,0.15,0.20 and 0.25) have been performed in the view of thermoelectric
applications. The optimized composition of x = 0.25 has been arrived at by studying the
temperature and field dependent properties of samples; where both Co and Cr have mixed
valency, that give rise to interesting magnetic ordering, effective at low temperatures. A p-type
nature for all compositions observed from Seebeck and Hall coefficient measurements. An in-
depth analysis of electrical and thermal transport provides well understanding for the various
conduction mechanisms (i.e., small polaron hopping, variable range hopping and phonon drag)
involved at different temperature regimes. The Seebeck coefficient increases with Cr-
substitution (5,4~ 660 uV/K for Cr-25 at 115K) while electrical conductivity decreases. This
decrease in electrical conductivity is due to decrease in the mobility and charge carrier
concentration (~1.27 X 10%*¢m™3 for Cr-25). The value of thermal conductivity is found to be
strongly supressed (6-fold) in Cr-doped compositions ~0.46 W/m-K for Cr-25. Another
important feature is the field dependent Seebeck, electrical and thermal conductivity
measurements which show the negative magnetoresistance of the Cr-25 and helps to improve
the electrical conductivity and hence thermoelectric efficiency at low temperatures. The field
induced increment in thermoelectric efficiency i.e A ZT ~500% observed for 9Tesla at 50K.
This provides an effective scheme for magnetically tuned thermoelectricity at low

temperatures.

In the third part, we report a detailed investigations of sample dimensionality and correlated
electrical and thermal transport behaviour in the view of thermoelectric applications. For this
we compared the bulk, thin film and nano ribbon of Lag.75Bio20S10.0sC0oO3 composition that

have been synthesized using solid state reaction, PLD and electrospinning technique
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respectively. Reducing the dimension helps to minimize the scattering processes that affects
both the electrical and thermal conductivity. We observed increase in Seebeck coefficient by
going from bulk to thin film and then nano ribbons, however, the thermal conductivity gets
suppressed significantly. Both these effects help to improve the thermoelectric efficiency of
the system. However, with decreasing lattice dimension, the electrical resistivity gets increased
from bulk to thin film to nano ribbons by several orders. The overall ZT value is observed to
be maximum for thin film i.e., ~0.24, which is highest among the existing bulk/ thin-film
literatures of cobaltite system. This study gives a detailed information of various transport
mechanism and scattering process activated in different dimensional and temperature regimes

of complex oxide system.

The last part of this thesis is focused to investigate the charge density wave property of a
chalcogenide system using thermoelectric characterizations. For this, we investigate the CDW
characteristics of a highly pure single crystal of TaxNiSe; through electrical and thermal
transport measurements. In addition to the observed 2kr anomaly at ~78.5K, we identify an
additional feature at around 146K, associated with 4kr CDW modulations within the system.
The distinct spiro-step-like feature observed at low temperatures is discussed in terms of phase-
slip and quantized conductivity phenomena. We analyse the pinning-depinning behavior of
CDW transport through I-V characteristics for both applied DC and AC + DC electric fields.
We propose a revised two-band model for this system, introducing the concept of p to n-type
carrier inversion for T< 50K. Our examination of Seebeck, thermal conductivity, and specific
heat data supports the coexistence of both types of CDW modulations. Furthermore, theoretical
calculations using GGA+U validate the presence of both 2kr and 4kr CDW modulations and
emphasize the role of the electron pocket at the Fermi surface in the formation of CDW in this

system.

Thus, this study provides a comprehensive analysis of thermoelectric properties of oxide i.e.,
Lao.95S10.0sC003 and a novel compound i.e., TaxNiSe7 along with their correlated electrical and
thermal transport behaviour. The focused exploration of these systems underscores the
significance findings in the context of potential applications for thermoelectric energy

generators.
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TR

gAR &fFe g & FoT fr do T dedr FERITSAIT T 3% 3TN A
AR Sl & &7 H T I Teh faEgd AR Yl fhar g1 8N, s-amdi,
e, HEEPR 37ME S Aol Soll & faffiest Alser gaAmem=t &, aafdegda
UCTT T ST AU Foll § HFGCH efHotTo & oAl W | Ardidegard
gery AT FT (3eR0T & o, il 3afse am) & A For &
aRafdd e & FeUid W HH Al § 3N 38 TN 306 Soary AR A=la
TATaRoT R TRt o ufdieper gemTa & TS Sl & HerT Wil &k T H @ ST B
SH &1 H T3 Foll TUIAROT GaTaT 3R SHared U a1 SFd S Fal & Hlspal
grar & gfaeaifia aXel T &FaT dlell «Idid Uit & @l & Teodl H g
AU SR g1 dIideg g gerdf I FATRUT &t "fthiR 3 AR 2T b
Teh NATHE ¢ GaRkT ad &l STl g, 314Td, ZT=(S20T) /x; 5TET, S, 0 3R« HAw:
Hideh 3[0Tioh, faegel TTelehdl 3R AU =Tehal 1 HISET Soll HATUIAT I Feolet
& foIT, 3M9eT® ZT AT ~4-5 §; &Tellieh, e dh @1 AT HATURAH ZT, SnSe 3UTRA
TASAl & fAT ~2.5 @ 2.8 gl O &l § UR A HTT S1eT 27T H
IRHATYT FIA dTel ATIEET T HANIHIAT &1 Teh Sk ddfdeg g gafar & fav,
hA AT AThdl & Y e omeh IR fdegd Tl & 3z H{eg &
TaRISAT Bl &l

STV, 58 MY J HAEHAA ATARONT AIART & fehe AMdfde T S&Tdr @I Jele
& AU 3ifFarss 3R dichiolss 3TUTRT TS & CITT T 3T MY higd
forar 81 sash foIT, YB3 A 7 §g AU Lag 95Sr0.05C003 & g 3R ardig
IRAEAT AU T AT HTEUTT & IROMH TEd A 6| §H Tgol $H Fhlolel
AT 9T el (Bi) & GIAEUTST & HICIH & STTolehl o TIGHTTAT Yerrea hr e
X &1 gHh fATag AU Lag 95xBixSro.05C003 TS & faegea 3R dard
qRAgAI IO T ATAfICY AT &I & oI HT ST Y 75| fdegd JioRIeshdr 56
HIASTT & AHaAT & TIT TA-ThR F N-ThR I HhHUT (~ 52K) & AT TErreleh




Yhfd T ST §1 HA AGAE aTel & H, AT qRage dRUee I&T gifder (VRH)
gaRT IR B § , s AT sgat & WY g I 95 ¥ 20 Add FH @
STl &1 Lash AT X W 3T WAY] HR ded Bi T JIAEATT Siefhld i
Arelehell (50K TR ~ 0.12W/m-K) T HF #¥h AR didah [onish (S ~ 354 pv/K) A
TG HAY TN ATelehdl I HH JATAT X &l gia-vfaeaia yomel & fav
gfaierehar 3R e e H geftr 3ucletr A dlgeh THEIAT (~5.12 x 10%
cm®) # Fr @ Al g1 WeF qunch A FHA et v SAfed ypfa #r gaf
¢ forest 50K o v 937 "edl yqf & W 3118 araHT (~ 470K) 3R Solegiet
HleTel FIHT T AgeT TARANYT fohar IRT §1 37 foisehst & 9ar woram g & gfa-
JfaeaT™T Lag g5.xBixSro.05C003 WOl H 50K & I Bielal 39T YHIT & HATEIH
BleTel FEITY G IRag glar &1 @AY & &, gH 20% Bi T & faw
aTeRONg AHAT R ZT ~0.17 & U o397 defer uig § ot foh el 3reniya
AT & 2o I T3 ¢ 3R 307 Hloar PlaTecse-3MaRd dafaegd dFeT &
#r 31fe g

GER AT H,§HA dadeg g IO W YdhlT A FIEATde o I i faRelsor
fraT| T AT, Cr-ufaremRd Lao 6sBio 20STo.15C003 ("x = 0,0.10,0.15,0.20 31 0.25")
& §g AT T BT Uh H@ell & faegd, e 3N Ay gRkage O W
foeqa o #i a$ B amfacgdT 3EgyEen i gt ¥ FE & adee 3R
YaehIgeT T e Uil T HEAGT dleh "x = 0.25" T HeJohlold AT IIoel T
IS & 181 Co R Crae & fATAT Faisterard gichh &, St Aaeh Jeehrd e i STod
et & S | AT WX gl gl &1 dides 3R gl unieh AT @ gl w2t
& U dr-ghR @ faegda vehid o o8| faegd 3R ardg 9Rage & g
fazevor R_ffeT dodAe gaeamt & A [ffea oo J (I, o AeRisT
giraer, aRTeer 35T gifter 3R Wiedel 391) & fov 3= AT e ol gl A
I[UTeh Cr-SfaedTds (115K W Cr-25 & AT S_max~ 660 pV/K) & &Y §edrl § Sefeh
faegc dTelhdl A gl Sl ¢l fdegd dreehdl # Ig el e 3R 3maer
algsh THEAAT H AT (Cr-25 & T ~1.27x1021cm3) & &HROT g1 Cr- gfaeafa
STl H TG =Tefehdl &l Al HcATteh =gl (6-IT ) UIIT AT g ST I Cr-




25 & faU ~0.46 W/m-K¥| U 3 Hgcaqul faar dechrgeis X @ dee,
fegd 3R Ay arerehar AT § ST Cr-25 & AhRIcHS daehcd 3N faegd i
HI gATdr § 3R AT HA AUAE W dAEfdeg T &l # UR wa H #HAeg
FAT &1 A gaTar 7 & 9Ra gefr A A 2T ~500%, 50K 9T & faw
&l | I HA AGA W T & § yaftid ddfdegdna & fov T gamd
ASAATTAT FeTel T &

e 1T H, §H Aidegaehid 3IuAlEN & Hegelor A AR HgdHeey faegd
AR A aRage egagr @ faeqgd S # Ruie &a g1 38 fav gaAs
La0.75Bi0.205r0.05C003 TRTAT & 31, Udell fthed AR o=l Raed Hir Jelem H,
Sieg aen: o 37aTAT 9fafshdr, PLD 3R SciaciRRafedr daheiies &l 3UANT Fleh
G fhar a1ar §1 3H A FA Fe F [A81907 arelr GfRansit & wH w A
Hee A § S faega 3R ardiy arelehdr gt & genfad S &1 gH o &
adell e 3R T el ReeT e S didsh a[unieh # Jefer &, greiifen, A
TTelehcll 1T A 81 STl §| T Al THIT HIToleT I ATITICT AT GETAT Sl 6T
§ellel H HaG A &1 ETellleh, IRATH H ol & 1Y, [ega Ifoieehdr 319 & gefell
e ¥ AF ool Raed dd Hs HAT dPh §¢ Sl gl THT ZT AT Idell thed &
fow sifRewas Il ~0.24 g@r T &, S FidTecse YOS & HiSEr o1 /Adell-
her O3 & o 310+ g1 TE ICTTT FAfed 3HFaSs Jumel & Affe mareh
IR aoEE &7 A Fihd e 9R@es 0 3R fSEee & gfsar &1 faega
SRR &l gl

S8 MY Ty o1 IAH HET TGN F&I0T & oI &1 SYATT Feh Hlohlolol9s
TASTAT I AT Tofcd T (CDW) Fhfd & fadaem W Hfed 1 8% v, gA
TaoNiSe; & AT YCH Uehel fohecer S CDW fARINAT3IT T Sirer faegd 3R ardr
IRagsT AT & ATETH T HId g 97T 78.5K W SWT 15 2kr AT & 37eirar,
&H T 146K WX Tah ITaRed faaerfa & ggara e §, 5 89 e & HaR
4kr CDW f3&eT & ST &1 o YA W S 915 faRIse WA faegd drerehdr
ST T WoTad Ifaediiad AR IRAVIT aTelehar & TG H HT ST g1 g7 fese
URT 3N Jedracdl URT vd feve URT gl & fav faega et A -V faRivansi &




AEIH & CDW IRAGT & Foaey-faaad STaeR T [IRelNor & §1 & 3§ Jomel
& foT v @efa gfaaT Alsa & 9¥did A 6, ordd T<50K & fow & & va-
YR & facgd agh goshd T FTUROT H TEJd fohar am=r g1 dide, A
grershar 3R fafkse Fsar & @l ST 4 YR & CDW faetter & Tg-31Rdca
T FHSA FIA 8| SHb 3TN, GGA+U T 3UGNT Il gU Heenifieh Harorhrg arorer
2kr 3R 4kr CDW TA&TST ST T 3UTTATT & AT FIAT & 3R 37 Yomelr § CDW
& f#ATor 3wt FdE W Selagiel Gihe HT HFH W AR T B

Y YohR, T ETIT 3TFA1SS Tl Lag.955r0.05C003 31 Tah AT IifAas Il TaoNiSey
& dafdegdg ol & WU-A1Y 3o Fgddcy faegdg 3R A aR@ed &
SYAGR I AT TARATOT Felel &l g1 S YUMferdl W Shieed Heawor drdfdegda
Far ST & foav Henfad requaien & Hest A Agcaqol faseht &1 Y@ifehd &
gl
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