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ABSTRACT

The term sensing invokes curiosity in the entire scientific community as it
plays a crucial role in every field. It involves sensing the presence of different
biomolecules, infectious bacteria, explosives, toxic pollutants, poisonous
gases and many other hazardous or non-hazardous components through
various techniques. For example, electrochemical sensing, fluorescence
microscopy, chemiluminescence, colorimetric sensing etc. are employed for
detection of the above-mentioned molecules of interest. In recent years, all
these methods have been proved highly effective in dedicated sensing of
various probe molecules. However, most of these methods involve difficult
sample preparations, poor sensitivity at ultralow concentrations, etc. Here,
Raman spectroscopy becomes extremely efficacious as it produces the highly
specific, ultrasensitive signals which are molecular fingerprints of the
detecting species. To enhance the small intensity signals of Raman spectra,
surface enhanced Raman spectroscopy (SERS) is employed preserving all the

critical features of Raman spectroscopy.

This study aims to develop and explore the 2D material and their
nanocomposites with metal nanostructures for SERS applications along with
real world application of SERS by employing silver (Ag) nanorods for

distinction between different stages of oral cancer.

In the first work, different morphologies of MoS2 were synthesized for potential
SERS applications. The morphology tunability was achieved by varying the

growth parameters during the facile solvothermal method. The SERS
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substrate prepared with the nanoplate morphology MoS> structures shows
excellent detection up to 102 M concentration of Rhodamine B (RhB) dye. The
MoS2-Ag nanocomposite SERS substrates successfully detect an ultralow
concentration of 10-15> M of RhB dye with an enhancement factor of 9.2 x 107.
The contribution of Ag NPs to ultralow SERS detection is suggested in addition

to a charge transfer mechanism between RhB molecules and MoS,.

In next work, vertically oriented tungsten disulfide (WS;) nanoflakes were
synthesized on a silicon (Si) substrate using the pulsed laser deposition (PLD)
technique. The fabricated nanoflakes of WS> were decorated with Ag NPs by
employing thermal evaporation to enhance their SERS activity. The SERS
performance of the WS,-Ag nanocomposite was explored by using excitation
lasers of 532 nm and 633 nm. Various environmental pollutant dyes such as
Rh B (RhB), Methyl orange (MO), Methylene blue (MB) are detected at ultralow
concentrations by using WS,-Ag nanocomposite as SERS substrate. The
detection limits achieved for RhB and MO are 10-1¢ and 10-17 M, respectively
with 532 nm excitation laser, and 10-13 M is the detection limit for MB dye
with 633 nm laser. The promising enhancement factors of the order of 108

were achieved for WS,-Ag nanocomposite substrate.

In the following work, MoS2-Au nanocomposite is fabricated for SERS
application with optimized concentration of Au nanoparticles. The
nanocomposites of MoS2 and Au NPs are successfully used as highly sensitive
SERS substrates for the detection of hazardous dyes RhB and N719, and
infectious bacteria of E. coli and S. aureus. The MoS>-Au nanocomposite

SERS substrate successfully detects the RhB and N719 dye up to 10-15 and
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102 M. The highest enhancement factor obtained for RhB and N719 dye is
5.2 x 107 and 2.1 x 107, respectively. Further, the nanocomposite substrate
was employed for the sensing of infectious S. aureus and E. coli bacteria down

to 102 cfu/ml.

In the final work of this thesis, glancing angle deposition-based label free Ag
nanorods were employed for diagnosis of oral cancer in its pre-malignant
phases, prior to its development into malignant tumors. All the SERS
measurements were carried out on site in the field. The SERS spectra of pre-
malignant and malignant samples exhibited distinct peaks corresponding to
varying concentrations of inorganic metabolites and proteins. The
multivariate analysis successfully separates the oral cancer positive and

negative samples, as well as pre-malignant and malignant groups.



LUK

de eg JHUl a1+ T H ORI S@d &Rl §, Tt I8 Udd & § 3fdd
Teayuf YfAreT FAumar 31 g faftre Sia-3rmpsi, Tehmes Saciian, fapies uernf, fava
UGu®!, STedial 1 3R 3 WRATH I IR-WaAId Uch! i Iurdfd &1 fafid

dPb-Id! GRI Tdl T &I Uihdl 81 SaIeIURa™Y, SaaipHed Jaad, FaRad
ARHRPIUT, BN, 3R HFARMICH Tdg- ot [afal SwRiad aférd Spsfi &
fa=awor & uged g1t 1 &7 & auf &, 3 gaft fafer fafirer @ioh srugaht ) wwftfa ugem

T 3fcdd THTd R 3 &1 T, 39 ddb-idhl | B TAT daRl, 3] Tigdl IR &4
GaeTierar o A gt 3

TY # I WRRDIU! (Raman Spectroscopy) T d FHTAT deb-ich S-Teh SH!
g, o faf¥ry, sifq-daeT=iia dord Iud wxcl & St fazawu fu S 38 310] &1 Suifass
UgdM Bid & | T Tobdl Bt He digdl B g & o TWhI-TgRs I Wae Rap Ut
(SERS) &1 TNT foar Srar §, St 30 Waera ! &t Guft Hecayu! faRiwarsit & s=m
Gt g

Tg MY, SERS AT & forg fg-smamdt (2D) uerdf 9uT 39 41q A- e st & Ay
T AN & e iR e R Hfad 8, dUT aRdfd® Sitad § SERS &t
IR B oft vefRid wRar 8, fadiv ¥ 9 =il (Ag) AIRISY &I Hag I Aifdd HeR
& fafire aRuT & i SR A & TaH A

MY b Ugd YN T, MoS, P! fafid SUMGR T3 Dbl SERS AN o g I=eifta
frar 1| g8 TUGR uRadd, WA Iiearydd afy & SRE IS AUES! B dEadm




U ol 7| AHTwie FUISR aTdt MoS, WReT ¥ ddR SERS IRIeC 7 Rhodamine

B (RhB) 318 ! 10~° M Wigdl d® 3P T UgdH USRI BI | MoS,-Ag T RTSH SERS
TeIecd 7 10715 M B 3fded Higdl db RhB S5 &I IHAdgdad Udl I, Sigl
g 0N (enhancement factor) 9.2 x 107 I8TI THH Ag “HIHUN BT TNGH 3R
RhB 4T MoS, & &g 976l SR o B YHST T 51|

3 B T, WS, HIRia &I e (Si) Teice IR TRS doR [SUINRMA (PLD)

de-ie gRT daad ¥U § ST T 39 WS, S-uaed & yHd TIURTH gRT Ag
FIHUN T ot T fY SERS 3501 &) 9611 S 9 | WS,-Ag SARGASH &t SERS
&A1 BT 532 nm 3R 633 nm IASHI AoRI & 1Y 3egg foan mar| fafte wafaroig
Ug¥® 815 oY RhB, AfYd 3RS (MO), 3R Al &1 (MB) & 31ced Figdl IR UgaH

FHd 2| RhB 3R MO & T U Uga AT AR 1071 M 3R 10717 M I8! (532
nm WeR & ), 3R MB & fAT 107° M (633 nm AR & 1Y) | 3T Fsgec & forg

10° & WR & JHIGRITE Hdg 0Te T gul

TP TYTd, MoS,-Au A RIS &I SUE Au 16Ul isdl & A SERS VAN

2q fawfd foran 1| g8 TaieM RhB 3R N719 O fa¥d T8, 99T E. coli 3R S.

aureus S YHTHAG JGIRAT Bt UgdH & U 3fd Hdg=Nd SERS TsdCC & =Y

o 7RIS §3MTI RhB 3fR N719 &1 1075 3[R 10~° M A% B! Wisdl & Y%A UgdH g,

el HfIGdH Ydg qole HHE 5.2 x 107 3R 2.1 x 107 T 39 HfARad, 39

JSCT GRI E. coli 3R S. aureus S&INRAT B 102 cfu/ml TR d& Tga off Tua
&l
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MY &b 3ifdT UM H, glancing angle deposition dd-iw ¥ AT Aad-! Ag TARIGY
1 IUANT HiRde iR & Yd-HTadh RN Bl G I & for fosan mam, o 3 gof =y
Y UTdes o9 ¥ Usd UgaH § Wed g1 94l SERS HIUA Rid W, & | g1 fhu MU
Ud-9Tdeh Td gTde T & SERS Wl H HPHEHD Ia9dd] (metabolites) Td Ui
&I Figdl T 3R Bl WM a1t FaRF RRR (peaks) U gU| AecaRue fazasor fafer 3
HIR-YHRIAD 3R ABRIAD AT & ATY-1Y Td-91ddh 3R °Tdd Tg! & o1 b
PEEEZU R MRIGACDI
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