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ABSTRACT

Transition metal dichalcogenides (TMDs) form a class of two-dimensional layered materials
comprising of one metal layer (M = groups IV to VII transition metal) sandwiched between two
chalcogenide layers (X = S, Se, Te) resulting in a MX, stoichiometry. Layered structure offers
advantages such as high specific surface area, and superior in-plane charge carrier mobility which
are crucial for electro-catalysis. While the highly explored group VI (M = Mo, W) based TMDs
exhibit semiconducting behavior in their thermodynamic stable phase; their phase transition to
metallic 1T phase shows enhanced electrocatalytic activity owing to high electrical conductivity.
However, the 1T phase of group VI chalcogenides are metastable and readily converted into the
stable 2H phase leading to relative inhibition in their electrochemical activity. In this respect, group
V based Nb dichalcogenides show inherent metallic characteristics in all phases, characterized by
absence of band gap which triggers attention towards their exploration for wide range of
electrochemical applications. The thesis focuses on manipulating the electronic and catalytic
properties of Niobium Diselenide (NbSe;) TMDs via strategies such as doping, alloying and
heterostructure formation. We attempt to provide insights into the factors contributing to enhanced

catalytic activity via experimental and theoretical results.

The first chapter (Chapter 1) is dedicated to the extensive literature survey of research work related
to TMDs, their nano heterostructures and their electrochemical applications. Chapter 2 describes
the synthetic methodologies of these materials, electrode fabrication procedures, along with
various techniques employed for the structural and electrochemical characterization of as-
synthesized materials. Chapter 3 examines the effect of isovalent chalcogen alloying in Nb(SxSe;.-
x)2 hanosheets and demonstrates that NbSSe exhibits enhanced hydrogen evolution reaction (HER)
activity. Building upon these findings, Chapter 4 explores the incorporation of transition metal

dopants, specifically cobalt (Co), into the NbSSe lattice. Given the critical role of metal d-electrons
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in tailoring electronic properties, Co doping was investigated and found to significantly improve
HER performance at an optimal concentration while preserving the structural integrity of the host
lattice. Moreover, the multiple accessible oxidation states of cobalt make it an ideal dopant for
investigating both faradaic and non-faradaic charge storage mechanisms in layered NbSSe for
supercapacitor applications. In Chapter 5, structural engineering of NbSe; is achieved through the
fabrication of NbSe>—NiSe heterostructures, and their electrocatalytic performance toward HER is
systematically evaluated. In addition to HER catalysis, the potential of NbSe, based materials for
anodic oxidation reactions is also explored. Chapter 6 focuses on Ni doped NbSe; nanosheets for
the urea oxidation reaction (UOR), where the material acted as a pre-catalyst, consistent with the
well-known transformation of transition metal dichalcogenides into oxide phases under strongly
alkaline conditions. Finally, Chapter 7 summarizes the key findings of the thesis and outlines
prospective research directions, including the exploration of alternative dopants and
heterostructure designs, as well as the extension of these materials to other electrochemical

applications.



Teraur

HHHUT YT STSAHIOHISSH (TMDs) G- IRAGR Ueril &1 T aff §1d &, 58 1

YT TR (M = THE 4 § 7 FhHU Y1) & dedboHIZS TRAl (X =S, Se, Te) & did Jafad gl
2, % oRumeRey Mx, TP a9 31 RdeR WA 3= fafy Tag &7 8k
VER Z-WH TS BT TIRAeTd o AT UG &Rl 8, S Sadg - ey o forg Hgayuf
g1 Jafd 3afiies WS T I8 VI (M = Mo, W) 3TUTRA TMDs 30+ YHISaHG fRR
AT H SfaTad TagR UERid #Xd §; UTfd® 1T a1 T IeT R0 WehHU 3= faggd
ITAHdl &b HRUI T¢! §s Faae el Tafafd &I G 8 | gTdife, THE VI deh oy
P 1T TRIT AR Bldl & 3R T T RRR 21 3R H gRafdd gl 9rdt 8, ol 37t
ZAdCIB G TAfafy H Wifée s/eRiy IUd BT gl 39 Y H, Igg v 3meild Nb
SRR gy Tt srawieft & siafea fae 1o vefid #vd &, et fadvar 9 g
P SFURUM &, S SaCIb b SN &1 U Juft & oY I SFawoT ST 3R &I
3T HRll 5| T§ TN TSy ST, FAsengedvun ok geriRgaer Ao SRt JoFifaal &
mTegH ¥ A faa fEAaES (NbSe2) TMDs & Jaae e 3R SER® 0N H R HR R
Hfad g1 59 UEife 3R Agifaew aRomet & Aread T 9T g3 IARS Al & argH &=
qTd PRSI P IR H TSR] TaH $I BT T Hd g |

UgHT ST (AT 1) ATHSY, IF 1! FeRCHR 3R I Faae b Hdbd ST o
Heiferd 2Ny Bl &b S A FA&UT bl FHIUA 8 | AT 2 37 FHRT I HRAVUTHD
SHrfyner, 3aaers Fufor ufsarsit 3k Ixafta qmfa & TR 3R Faac b s
AL JUH & U IWAT ST 9 Gl At dBiel BT IUH BT 51 AT 3
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TS (CHURITYS | -Ua), AHIfcy H STgaideie dedbior feTd & THTd &1 S Rdl § SR
T 8 fob TTeuaees ol g3 g3gior faehrd Ufdfshdl (TIR3MR) Tiafafy HafRid i gl
S FTsm S o YR IR, AT 4 TISIIITHs Sifell # TehHUT UTg SUe, faviY U J Hidlee
(@IETeT) b FHIART BT AYU HRT § | e e 0N BT SIH e d3a § o1 Si-adeii
& Hedqul YfHHT I SWd §U, HidTee SITUT BT 37eaa fordm T 3R ur 71 o Ig Aoia

SITel P WIS S Sdl Pl §1Y X@d gU IPAH Figdl IR TSR Y& # Ieaa-id
YR BT ¢ | b 3TN, DIaTeT Bl s YH SHTIBUN STRITY 3T JIRBURIER ST
& forg TRd NbsSe H RIS IR AH-WRITSHaTst HSRUI o QI B1 oiid o oIl Th =
STUC I & | ST 5 T, NbSe,—NiSe §ERRCFR o AN & HIZH H NbSe, BT AaEH
it Bt ol §, iR faggd o1 UfekiY (HER) & U 39 faggd SoR® e &1
AR Hedidh {1 STAT § | HER SORUN & 3fTal, TAITS® Sfiaiaur sifiifrarsii & foe
NbSe, 3MUTRT T ®T &mdr &1 off Udr @vmen Sidr 31 e 6 gikan iR
3BT (UOR) F TRIT Ni SIS NbSe, THINed R $fd &, Sl 7 Il T 1d-3aRS &
0 T S Bl ¢, S U9d &R IRl § AHA0 U] SRdehorgeyd & Siass
U & YURig uRad= & &0 g1 3id 8, a7 Y Y&y & YHE (shu! &1 RIS
TR B & 3R THTIT STHT famsif B U@ R BT 8, T dsfie Side 3ik
BCRC R TSSITSl & Wiel, 91y g1 34 Arafidl &1 3 faggd Imfe SuanT de fadR
RUE ]
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