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ABSTRACT

In the past ten years, optoelectronic devices have undergone rapid development and a
significant increase in their efficacy, revealing a growing need for new-type of materials at their
core. Optoelectronic devices are those that employ electric charges to generate light, such as
light-emitting diodes (LEDs) or lasers, or light to generate electric currents, such as
photodetectors or solar cells. 2D transition metal dichalcogenides (2D TMDs) like MoS2, WS,,
and MoSe; belong to a broad family of layered materials that have varying band gaps or
transition from indirect to direct band gaps when scaled down from 3D to 2D. Thus, these
atomically thin 2D semiconductors are promising for future electrical and optoelectronic
devices. Layered 2D heterostructures offer a unique opportunity to create photodetectors with
a wide spectral range and exceptional figures of merit that are not possible with discrete
materials due to their ultrathin sharp interfaces and quantum confinement. 2D materials such
as graphene and TMDs have demonstrated intriguing physical features as well as promising

optoelectronic applications.

In this thesis, a scalable synthesis route for high-performance, 2D TMD nanosheets of MoS>,
WS,, MoSe», TiS> and NbS; is designed at room-temperature via liquid phase exfoliation
method that leads to a stable dispersion of a few layers 2D-TMDs and remains stable in
suspension form for several months. The polymers chosen to stabilize 2D nanosheets in
dispersion were cellulose based which are environment friendly and biodegradable. Further,
the fabrication is carried out for a thin film device based on the heterojunction of the above
exfoliated 2D TMDs via a solution-processable route and their photodetection properties have
been explored. The enhanced response of the as-fabricated photodetector of tri-layer
heterojunction results from the effective decrease in recombination rate and efficient electron—
hole separation. Further, 2D-TaS; based heterostructure for broadband photodetector

applications and its photoelectrochemical properties have been designed. The
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photoelectrochemical measurements illustrate that the 2D-TaS»/SnS,-rGO heterostructure
shows 10 times enhancement in the photocurrent density than that of the bare 2D- TaS. These
results establish the feasibility of the fabrication of the 2D-TaS2/SnS>-rGO heterostructure at
room temperature for broadband photodetection in the ultra-violet (UV)- Near IR region.
Similarly, the fabrication of inorganic TaS, and organic rGO and g-C3N4 photocatalyst with
optimized composition is carried out for photoelectrochemical properties and photodetector
properties using the solution-processed route. The photoelectrochemical activity of optimized

composition shows 35 times higher photocurrent density compared to the bare 2D TaS,.

The main objective of this thesis work is to design a solution route that may help in the
scalability of high-performance 2D TMDs nanosheets and solution-processed fabrication of
large-area devices to achieve better spectral response for a wide range of the electromagnetic

spectrum.
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(ABSTRACT) IRIXI

fUed cu aul & sffoigdaci-e SuHRUN &I doil I fAHR §oM 8 3R 3! GHEHRal &
Jeorag gfe g8 8, R 9% 4o § 70 YR B I} &) gedt Savudhdl &1 udl
Il 8| SHPIgadeie fSagy 3 § Sl Ue1 Idd - & fore fagya smaxi &1 Iught
FRA 8, O S YT Ioieh STATS (LED) T ISR, I1 faggd URTSH &1 I0d HvA & fog
THTR, oY 5 Wierseaer a1 IR | MoS,, WSz, 3R MoSe, S 2D <iforR Aed
SIEFAOHIZSY (2D TMDs) WRd Il & T rues URaR ¥ Wefdd g, f5md 3D @

2D TP Thd [T S TR S-SR oS SR T UL I T I8 SR H HehH0l
BT 31 39 IR, T TRHT FU F Uaa 2D Hefares Hias & fagyd ik Hipigaee e
JUHRUN & oY SRS & | WA 2D FeRedeR Us fagd auishig IS iR argdl &
SATYRYT 3BT b Y WIerscder S BT U 3T HTW UM Hd & o 3P
3T T $e%Y 3R HicH HRIGN & HRUN 3 IR & 1Y YT 781 & | AHIH
3R ATAST SRt 2D FrEs A U=fier Hifde faRiarett & Iry-ary sipigdac - Sy
&1 ara] fordn &1 59 RE H, MoS2, WS, MoSey, TiS: 3R NbS; & 3&-UGRH, 2D TMD
AM=fteT & forg Ue Whaad RiARM Fe &l HR & dUHH TR dRd IR0 TahIIus
faftr & wreom ¥ fewTgA foran a1 ® S $ WRal 2D-TMDs & fRR Thelg @t 3R ST 5|
3R % A d e & 0 H fRR el 81 Taird # 2D A1 i fRR B & forg
T 7T TR et et & S 7afaRul & 3ied 3R SRfSHSsd & | 59 Sfard,
T JHIYMH-UfhaT aRg AF & HIegH ¥ SWRIGd THIhIeiics 2D TMDs & fauwdr &
TR WR TS el fored feargy & fere famfur forar S § 3iR 397 wieifs caR Ul &1
TaT TN TR ¢ | TR aR 3R $RIA Saaei--ee gUahul § gHTd it 9 f-Rd
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fawy ooy & Fu & fAffa wleigeder @t 941 g3 ufafshar s9% 3l sisss
Hlelfeedey AN 3R $UF Blelsaacibimd O & T 2D-TaS, 3mumRd
SRR P! SR a1 T g1 Bieigdae e AT §did & & 2D-TaS2/SnSz-rGO
BCRICRR 7 2D-TaS, B! a1 H leiae g H 10 T Jfa a-dr 3 | 3 uRum Siegr-
IR (UV) - IR & & U siTS s S BlelfSear & fold R & dTuHT WR 2D-TaS2/SnSy-
rGO BERRETR & ATl o} aerfdr Rfd FHRd &1 S aRE, THIUTH-Iferd AR b
SWIN Hd BIcIsaagie Uil 3R Bierecdex o & AT i IRa1 & Y
SfPTHD CTTTH2 3R B SRS 3R S-HI3TH4 ICIde [IRe BT HT0T it STt
21 SIHd T B BleZdae - Ay =7 2D TaS, ®I a1 & 35 AT 3w
Wiclde T foardl 81 39 A Srf o1 Ji 32=9 U JHIHTH AN &1 fEee a1
8 Sl 3-UGR 2D TMDs A 1RfTeH &t ATu-adt & Aag &R Tdhdl & 3R faggd gee ™
WeeH B T (ARG 4ge & o dgeRk quishHia Ufifehan e &= & oY 51 & &
SUSBRUT P GHILT-HETIT 0 7ag HR godl g
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Figure 6.1

Schematic procedure and different composition for optimization of

the heterostructures.
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Figure 6.2

Powder XRD patterns of 2D-TaS,, different percentage

compositions of rGO/2D-TaS;, and g-C3N4/2D-TaS; respectively.
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Figure 6.3

FESEM images of 50%-rGO/2D-TaS,, and 5%-g-C3N4/2D-TaS;

heterostructures and depicts their elemental mapping respectively.
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Figure 6.4

FTIR analysis of of 2D-TaS,, different percentage compositions of

rGO/2D-TaS,,(left) and g-C3N4/2D-TaS; (right) respectively.
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Figure 6.5

Photoelectrochemical current density measurements of bare 2D-
TaS,, all the compositions of rGO/2D-TaS, and g-C3N4/2D-TaS,
heterostructures under light (I) and dark (d) conditions (left) and
their corresponding electrochemical impedance spectroscopic

measurements respectively (right)
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Figure 6.6

Photoelectrochemical current density measurements of 50%-
rGO/2D-TaS;, 5%-g-C3N4/2D-TaS; and 50%-rGO/2D-TaS; : 5%-g-
C3N4/2D-TaS; heterostructures under light (1) and dark (d)
conditions (left) and their corresponding electrochemical impedance

spectroscopic measurements respectively (right)
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Figure 6.7

I-V characteristics of heterojunction device measured from 350-
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1550 nm light source (left) and their corresponding

photoresponsivity values at 0.04 mW

Figure 6.8 Transient photocurrent response of heterojunction device is | 148
measured at 750 nm, 850 nm and white light source (left) and
transient photocurrent response of heterojunction device measured at

different input power using a 750 nm light source (right).
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