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                          ABSTRACT 

Two dimensional layered materials with atomic scale thickness and layered 

structure have gained substantial research interest due to their fascinating 

properties like high specific area, tunable bandgap, strong coulomb 

interaction, and ease of making heterostructures at atomic thickness. This 

makes them suitable materials for various application in electronics, 

photonics and desirable for interdisciplinary research fields like catalysis, 

sensors, biosensors, neuromorphic computing, renewable energy etc. 

However, adoption of these materials for practical application requires an 

extensive understanding of their physical and chemical properties. Also, 

scalable synthesis of 2D materials with precise control over the growth is a 

major challenge. 

In the present study, pulsed laser deposition (PLD) technique was used to 

synthesize high quality, large area, few layered thin films of MoO3, WS2, and 

SnS. These materials belong to three distinct families of 2D materials, namely 

transition metal oxide, transition metal di and mono chalcogenides. Gas 

sensing properties of these films were studied to understand and achieve 

highly selective sensor at low operating temperature with limit of detection in 

parts per billion (ppb). 

Synthesis of α-MoO3 layered thin film of varying thickness of 6, 18 and 70 nm 

was achieved through PLD. All the growth parameters were optimized, and 

the three distinct thicknesses were obtained by changing the number of laser 

pulse. X-ray diffraction (XRD) and Raman spectroscopy confirmed the 
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formation of anisotropic α-MoO3. Atomic force microscopy (AFM) images 

showed the evolution of morphology from 2D layers to oriented crystallite 

growth with increase in film thickness. X-ray photoelectron spectroscopy 

(XPS) measurements depicted higher concentration of oxygen vacancies in 70 

nm thin film sample and higher oxygen adsorption in 6nm thick 2D layered 

sample.  Thickness dependent gas sensing behaviour was studied towards 

NO2 gas. 2D layered sample showed highest response of about 25 % at lower 

temperature (100 °C). It also exhibited lower detection limits (100 ppb) and 

selectivity towards NO2 gas. Comparatively, TF showed poor response (4%) 

towards NO2 at 100 ℃ but got increased gradually to 35% at 250 °C indicating 

higher diffusion of analyte gas due to its higher thickness. A change from n-

type to p-type gas sensing response was observed with decreasing thickness 

of the α-MoO3 films which might be attributed to the increased surface 

adsorption and higher Schottky barrier at metal-MoO3 junction in sample 

with lower thickness.   

Synthesis of vertically and horizontally oriented WS2 layered films was 

achieved by varying the PLD parameters. The samples grown with a 

combination of lower temperature (400 ℃) and higher pressure (70 mTorr) 

exhibited a vertical flake-like growth, with a flake thickness of ~ 2-5 nm. 

However, at higher temperatures (600 ℃) and lower pressure (30 mTorr), 

planar film growth was obtained. XRD, Raman spectra and XPS spectra 

confirmed 2H semiconducting phase and high film quality. Whereas FESEM, 

AFM and cross-sectional transmission electron microscopy (TEM) 

measurements were utilized to elucidate the growth mechanism. Further, 
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vertically oriented films showed the best response with selectivity towards NO2 

at room temperature (RT) with limit of detection less than 50 ppb. On the 

contrary, subdued response was obtained in the case of planar films. The 

results showed a large dependence of the gas sensing mechanism and 

parameters on layer orientation, and the crucial role of edge sites. 

Synthesis of high quality and ultrathin SnS thin film was achieved via PLD 

followed by the decoration of noble metal nanoparticles (Ag, Au, and Pd) using 

gas phase synthesis technique. Growth of SnS film was optimized by varying 

the growth temperature between RT to 500 ℃. Gas sensing measurements 

were performed on pristine and metal nanoparticle decorated SnS films to 

tune the response and selectivity.  

To further understand the gas sensing mechanism, In-situ gas sensing 

techniques were employed to further explore the sensing mechanism in detail. 

Near ambient pressure (NAP) XPS measurements were performed on α-MoO3 

thin films to study the effect of film thickness, morphology, and defects 

towards NO2 gas sensing by analysing the change in position and intensity of 

Mo 3d peak. In-situ Kelvin probe force microscopy (KPFM) was performed on 

pristine, Ag, and Pd nanoparticle decorated SnS film. In-situ KPFM mapped 

local changes in the work function of film due to analyte gas. The effect of Ag 

to enhance NO2 response and Pd to increase selectivity towards H2 gas has 

been manifested from the change in surface potential and work function. 

These results open opportunities to explore PLD as a potential synthesis 

technique for 2D materials and give a unique perspective to their applications 

as gas sensors.
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                                                        सार 

परमाणु पैमाने की मोटाई और स्तररत संरचना के साथ २ डायमेंशनल (2D) स्तररत सामग्री ने अपने 

आकर्षक गुणो ंजैसे उच्च विवशष्ट के्षत्र, टू्यन करने योग्य बैंडगैप, मजबूत कूलम्ब इंटरैक्शन और परमाणु 

मोटाई पर हेटरोस्ट्रक्चर बनाने में आसानी के कारण पयाषप्त अनुसंधान रुवच प्राप्त की है। यह उन्हें 
इलेक्ट्र ॉवनक्स, फोटोवनक्स में विविन्न अनुप्रयोगो ंके वलए उपयुक्त सामग्री बनाता है और अंतः विर्य 
अनुसंधान के्षत्रो ंजैसे कटैवलसीस, सेंसर, बायोसेंसर, नू्यरोमॉवफष क कंपू्यवटंग, निीकरणीय ऊजाष आवि 
के वलए िांछनीय है। हालांवक, व्यािहाररक अनुप्रयोग के वलए इन सामवग्रयो ंको अपनाने के वलए उनके 

िौवतक और रासायवनक गुणो ंकी व्यापक समझ की आिश्यकता होती है। इसके अलािा, विकास पर 

सटीक वनयंत्रण के साथ 2D सामग्री का से्कलेबल संशे्लर्ण एक बडी चुनौती है। 

ितषमान अध्ययन में, धातु MoO3, WS2, और SnS की उच्च गुणित्ता, बडे के्षत्र, कुछ स्तररत पतली 

वफल्ो ंको संशे्लवर्त करने के वलए पल्सड लेजर वडपोवजष्ण (PLD) तकनीक का उपयोग वकया गया था। 

ये सामवग्रयां 2D सामवग्रयो ंके तीन अलग-अलग पररिारो ंसे संबंवधत हैं, अथाषत् संक्रमण धातु ऑक्साइड, 

संक्रमण धातु  डाय और मोनो चालकोवजनाइड्स। इन वफल्ो ंके गैस सेंवसंग गुणो ंका अध्ययन िागो ंप्रवत 

वबवलयन (ppb) में पता लगाने की सीमा के साथ कम ऑपरेवटंग तापमान पर अत्यवधक चयनात्मक सेंसर 

को समझने और प्राप्त करने के वलए वकया गया था। 

PLD के माध्यम से ६, १८ और ७० एनएम की अलग-अलग मोटाई की α-MoO3 परतिार पतली वफल् 

का संशे्लर्ण प्राप्त वकया गया। सिी विकास मापिंडो ंको अनुकूवलत वकया गया था, और लेजर पल्स की 

संख्या को बिलकर तीन अलग-अलग मोटाई प्राप्त की गई थी। एक्स-रे-वडफ़े्रक्षण (XRD) और रमन 

से्पक्ट्र ोस्कोपी ने अवनसोटर ोवपक α-MoO3 के गठन की पुवष्ट की। अटोवमक फोसष माइक्रोस्कोपी (AFM) 

छवियो ंने वफल् की मोटाई में िृद्धि के साथ 2D परतो ंसे उनु्मख वक्रस्ट्लीय विकास के वलए आकाररकी के 

विकास को विखाया। एक्स-रे फोटोइलेक्ट्र ॉन से्पक्ट्र ोस्कोपी (XPS) मापो ंमें ७० एनएम पतली वफल् नमूने 

में ऑक्सीजन ररद्धक्तयो ंकी उच्च सांद्रता और ६ एनएम मोटी २डी स्तररत नमूने में उच्च ऑक्सीजन सोखना 
िशाषया गया है। NO2 गैस के प्रवत मोटाई पर वनिषर गैस संिेिन व्यिहार का अध्ययन वकया 

गया। 2D स्तररत नमूने ने कम तापमान (१०० वडग्री सेद्धल्सयस (°C) पर लगिग २५% की 

उच्चतम प्रवतवक्रया विखाई। इसने कम पता लगाने की सीमा (१०० ppb) और NO2 गैस के 

प्रवत चयनात्मकता िी प्रिवशषत की। तुलनात्मक रूप से, TF ने १००℃ पर NO2 की ओर खराब 
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प्रवतवक्रया (४%) विखाई, लेवकन २५०°C पर धीरे-धीरे बढ़कर ३५% हो गई, जो इसकी उच्च 

मोटाई के कारण विशे्लर्ण गैस के उच्च प्रसार का संकेत िेती है। α-MoO3 वफल्ो ंकी घटती 

मोटाई के साथ n-टाइप से p-टाइप गैस सेंवसंग ररस्पांस में बिलाि िेखा गया, जो कम मोटाई 

िाले नमूने में धातु-MoO3 जंक्शन पर बढ़ी हुई सतह सोखना और उच्च शोटकी  बाधा के वलए 

वजमे्मिार हो सकता है। 

PLD मापिंडो ंको अलग-अलग करके लंबित और कै्षवतज रूप से उनु्मख WS2 स्तररत वफल्ो ंका 

संशे्लर्ण प्राप्त वकया गया था। कम तापमान (४०० ℃) और उच्च िबाि (७० mTorr) के संयोजन के साथ 

उगाए गए नमूनो ं ने ~ २-५ एनएम की परत मोटाई के साथ एक लंबित परत जैसी िृद्धि प्रिवशषत की। 

हालांवक, उच्च तापमान (६०० ℃) और कम िबाि (३० mTorr) पर, प्लानर वफल् विकास प्राप्त वकया 

गया था। XRD, रमन से्पक्ट्र ा और XPS से्पक्ट्र ा ने 2H अधषचालक चरण और उच्च वफल् गुणित्ता की पुवष्ट 

की। जबवक फील्ड एमेष्ण सै्कवनंग एलेक्ट्र ान वमक्रोस्कोपी (FESEM), AFM और क्रॉस-सेक्शनल 

टर ांसवमशन इलेक्ट्र ॉन माइक्रोस्कोपी (TEM) मापो ंका उपयोग विकास तंत्र को स्पष्ट करने के वलए वकया 

गया था। इसके अलािा, लंबित उनु्मख वफल्ो ंने कमरे के तापमान (RT) पर ५० ppb से कम पहचान की 

सीमा के साथ NO2 के प्रवत चयनात्मकता के साथ सबसे अच्छी प्रवतवक्रया विखाई। इसके विपरीत, प्लानर 

वफल्ो ंके मामले में िबी हुई प्रवतवक्रया प्राप्त हुई। पररणामो ंने परत अविविन्यास पर गैस संिेिन तंत्र और 

मापिंडो ंकी एक बडी वनिषरता और वकनारे की साइटो ंकी महत्वपूणष िूवमका को विखाया। 

PLD के माध्यम से उच्च गुणित्ता और अल्ट्र ावथन SnS पतली वफल् का संशे्लर्ण प्राप्त वकया गया था, 

वजसके बाि गैस चरण संशे्लर्ण तकनीक का उपयोग करके महान धातु नैनोकणो ं(Ag, Au, और Pd) की 

सजािट की गई। कमरे के तापमान से ५०० ℃ के बीच विकास तापमान को बिलकर SnS वफल् की िृद्धि 

को अनुकूवलत वकया गया था। प्रवतवक्रया और चयनात्मकता को टू्यन करने के वलए प्राचीन और धातु 

नैनोकणो ंसे सजे SnS वफल्ो ंपर गैस सेंवसंग मापन वकए गए थे। 

गैस सेंवसंग मैकेवनज्म को और समझने के वलए, इन-सीटू गैस सेंवसंग तकनीको ंको विस्तार से सेंवसंग 

मैकेवनज्म का पता लगाने के वलए वनयोवजत वकया गया था। Mo-3d पीक की द्धथथवत और तीव्रता में पररितषन 

का विशे्लर्ण करके वफल् की मोटाई, आकाररकी और NO2 गैस संिेिन के प्रिाि का अध्ययन करने के 

वलए α-MoO3 पतली वफल्ो ंपर वनयर अद्धम्बएंट पै्रशर(NAP) XPS मापन वकए गए थे। इन-सीटू केद्धिन 

फोसष माइक्रोस्कोपी (KPFM) प्राचीन, Ag और Pd नैनोपावटषकल से सजाए गए SnS वफल् पर वकया गया 
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था। इन-सीटू KPFM ने विशे्लर्ण गैस के कारण वफल् के कायष समारोह में थथानीय पररितषनो ंकी मैवपंग 

की। NO2 प्रवतवक्रया को बढ़ाने के वलए Ag का प्रिाि और H2 गैस के प्रवत चयनात्मकता बढ़ाने के वलए Pd 

का प्रिाि सतह की क्षमता और कायष समारोह में पररितषन से प्रकट हुआ है। ये पररणाम २डी सामग्री के वलए 

संिावित संशे्लर्ण तकनीक के रूप में पीएलडी का पता लगाने के अिसर खोलते हैं और गैस सेंसर के रूप 

में उनके अनुप्रयोगो ंके वलए एक अवितीय पररपे्रक्ष्य िेते हैं
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Figure 2.13 Energy level diagram of tip and sample with corresponding work 
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Figure 4.1. Optical images of as-grown WS2 thin film with deposition 

parameters and sample notation. It depicts the variation in colour contrast of 

the WS2 films at different growth parameters. ........................................... 4-5 

Figure 4.2. (a) XRD pattern for sample W1-W9. The diffraction intensity for 

the (002) peaks indicate preferentially oriented films along the [002] direction. 

(b) Raman spectra for sample W1-W9. Raman spectra peaks indicate the 

formation of the 2H-WS2 phase. ............................................................... 4-7 

Figure 4.3 TEM investigation to study the effect of growth parameters on the 

structure and morphology of WS2 film. TEM, HRTEM image in (a-d) 

correspond to samples W1, W3, W7, and W9, respectively. They depict the 

surface in two different magnifications. The left part shows the overall surface 

at lower magnification, whereas the right side show the high-resolution (HR) 

image. Image (e) and (f) represents the SAED pattern corresponding to sample 

W1 and W9, respectively. ......................................................................... 4-9 

Figure 4.4 FESEM images of samples W1 – W9 indicates the morphological 

evolution of the WS2 thin film with varying combination of deposition pressure 

(30–70 mTorr) and temperature (400-600 °C). The morphology varies from a 

planar growth in (a) W1 to a vertical growth in W9.. ............................... 4-12 

Figure 4.5 XPS investigation of sample W1, W3, W7 and W9 (a) Survey spectra 

of WS2 thin films shows the various elements present and their chemical 

states. (b) Comparison of high resolution XPS spectra of W4f and S2p of 

sample W1, W3, W7 and W9. (c) W4f p peak is deconvoluted to W0, W4+, W6+ 

components. The deconvoluted components are compared in sample W1, W3, 

W7 and W9 showing the decrease in W0 component from sample W1 to W9 

(d) Comparison of the VB maxima spectra of sample W1, W3, W7 and W9. . 4-

14 

Figure 4.6 FESEM images of as grown WS2 film at 400 °C substrate 

temperature and 70 mTorr background pressure with (a) 100 (b) 250 (c) 500 

(d) 1000 (e) 2000 laser pulse in each film. .............................................. 4-16 
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Figure 4.7 (a-b) FESEM images of as-grown WS2 film at (a) 5 Hz, (b) 10 Hz 

laser frequency. (c-e) FESEM images of as-grown WS2 film at (c) 120 mJ, (d) 

90 mJ and (e) 70 mJ laser energy. Other growth parameters Substrate 

temperature, background pressure, and number of laser pulses is fixed at 400 

°C, 70 mTorr, and 1000 laser pulses, respectively. ................................. 4-17 

Figure 4.8 (a – d) HAADF-STEM images of samples W1, W3, W7, and W9 

showing the cross-sectional TEM of WS2 on SiO2/Si substrates showing the 

variation in overall morphological structures of WS2 thin films. High-

resolution cross section TEM and HAADF images (e-h) shows a randomly 

oriented buffer layer followed by the preferential growth of vertical flakes. (i, k 

and m) shows the cross-sectional TEM images of sample W7, W3, and W1. 

The magnified HAADF images from the highlighted parts of images (j, i and n) 

reveals the out-of-plane to in-plane growth   structures in samples W7, W3, 

and W1, respectively. ............................................................................. 4-20 

Figure 4.9 (a–c) Schematic of the In-plane growth of WS2 thin film. (a) 

Nucleation of layered nano-domains of WS2. (b) In plane growth of the film 

with impingement induced thinning preventing any preferential growth. (c) In 

plane grown WS2 thin film. (d) Nucleation of randomly oriented nano-domains 

(e) Preferential growth of out of plane domains. (f) Out of plane grown WS2 

thin film. Here, the yellow- and turquoise-colored spheres represents the 

sulfur and tungsten, respectively. .......................................................... 4-21 

Figure 4.10 (a) Comparison of the I-V characteristics of sample W1, W7 and 

W9 at RT. (b) Sensing response vs. temperature for sample W1, W7 and W9 

to obtain optimal working temperature for the sensors towards NO2 (b) 

Sensing response vs. temperature for sample W1, W7 and W9 to obtain 

optimal working temperature for the sensors towards NO2. (c) Sensing 

response vs. time in sample W9 towards different concentration of NO2 

ranging from 2 ppm to 50 ppb. (d) Dynamic response curve showing the 

response vs. time plot towards 1ppm NO2. (e) Response/recovery time vs 

temperature plot towards 500 ppb NO2. (f) Histogram with the % response of 
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gases NO2, CO, NH3 and H2 for sample W9 showing selectivity towards NO2 

gas. ........................................................................................................ 4-23 

Figure 4.11 Effect of humidity on the sensing properties of sample W9 at two 

different RH values of (a) 20 % and (b) 70 % towards 1 ppm NO2 at RT. (c) long 

term stability of the gas sensing performance in sample W9. ................................... 4-29 

Figure 5.1 Integrated Schematic of gas phase synthesis setup to synthesize 

metal nanoparticles.................................................................................. 5-5 

Figure 5.2 (a) XRD patterns for samples S1–S4. The diffraction intensity for 

the (040) peak indicate preferentially oriented films along the [0k0] direction. 

(b) RT Raman spectra (excitation wavelength: 514 nm) for samples S1–S5. (c) 

FESEM image of the as-grown SnS film at different temperatures showing the 

growth evolution with the substrate temperature. .................................... 5-8 

Figure 5.3 Evolution of SnS thin film by changing the number of laser pulse 

at 150 C substrate temperature (a) XRD patterns of SnS thin films with 5nm 

(S2_150), 13nm (S2_450) and 27nm (S2_450) film thickness. (b) Raman 

spectra for SnS thin film with increasing film thickness. (c-e) FESEM image 

showing the morphological evolution of the SnS film. ............................. 5-10 

Figure 5.4 HRTEM images of as-grown Pd, Au and Ag nanoparticles showing 

the varying size. XRD, Raman spectra of the as-grown nanoparticles on the 

SnS film. FESEM images of metal nanoparticles decorate SnS thin film.. 5-12 

Figure 5.5 XPS investigation of sample SnS, Pd_SnS, Au_SnS, and Ag_SnS. 

(a) Survey spectra of SnS and metal nanoparticle decorated SnS thin films. 

(b) Comparison of high resolution PLD spectra of Sn3d and S2p peaks. (c, d) 

Deconvoluted high resolution spectra of Sn3d and S2p peaks. (e-h) High 

resolution spectra of Pd, Au and Ag. (h) Comparison of the VB maxima 

spectra. .................................................................................................. 5-13 

Figure 5.6. (a) I-V characteristics of the SnS thin film with varying thickness. 

(b) Temperature dependent response towards 1ppm NO2. (c) Response vs NO2 
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concentration (d-f) Cyclic response towards different concentration of NO2. 5-

17 

Figure 5.7 Sensing performance of SnS, Ag_SnS, Au_SnS and Pd_SnS 

samples (a) Comparison of the I-V characteristics at RT. (b)  Response vs. 

temperature plot to obtain optimal working temperature (c) Sensing response 

vs NO2 concentration ranging from 2ppm to 50 ppb. (d) sensing response vs. 

H2 concentration for Pd_SnS ranging from 70 ppm to 1 ppm. (e) Histogram 

with % response of gases NO2, CO, NH3, and H2 for pristine and metal 

nanoparticles decorated SnS films to show the selectivity. (f-i) dynamic 

response curve showing the response vs time plot towards 2 ppm NO2 in 

sample SnS, Ag_SnS, and Au_SnS, respectively and 70 ppm H2 in Pd_SnS.

 .............................................................................................................. 5-18 

Figure 5.8 Response recovery time with the concentration of analyte gas in (a) 

SnS (b) Ag_SnS (c) Au_SnS and (d) Pd_SnS. ........................................... 5-21 

Figure 6.1 Schematic diagram of the ESCA beamline setup showing the optics 

involved to collimate and focus synchrotron X-ray beam onto the sample. 6-5 

Figure 6.2 (a) Schematic diagram of the NAP cell (b) Actual images of NAP cell 

showing the pinhole and electrical feedthrough. (c) Inside image of NAP cell 

showing sample, electrical contact, and ceramic heater (d) NAP cell inside the 

chamber with gas line on the back. .......................................................... 6-7 

Figure 6.3 Schematic diagram of the Kelvin probe force microscopy (KPFM) 

setup. ...................................................................................................... 6-9 

Figure 6.4 (a) Actual images of the KPFM setup (Bruker Multimode Ⅴ) (b) a 

gas cell assembly to perform in-situ KPFM measurements in presence of 

desired gas. It has two luer fittings to insert and evacuate the analyte gas 

inside the cell. ........................................................................................ 6-10 

Figure 6.5 (a) Comparison of Mo 3d peaks of sample 2D in vacuum vs mixture 

of NO2 and NO gas (b) comparison of Mo 3d peaks of sample TF in vacuum vs 
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mixture of NO2 and NO gas. VB maxima spectra of sample (c) 2D and (d) TF 

in vacuum and mixture of NO2 and mixture of NO2 and NO. ................... 6-12 

Figure 6.6 Ambient pressure XPS investigation of sample 2DF and TF (a) 

deconvoluted Mo 3d peaks of sample 2D in vacuum (b) deconvoluted Mo 3d 

peaks of sample 2DF in NO and NO2 gas mixture (c) Comparison of the 

deconvoluted Mo 3d peaks of MoO3 in vacuum and NOx (d) Mo3d peaks in 

NOx for the repeated five scans at the same position. ............................. 6-13 

Figure 6.7 In situ KPFM of SnS (a,b) Morphology image and KPFM map of the 

SnS sample in Ar  (c,d) Topography image and KPFM map of SnS in NOx (e, f) 

Work function and surface potential values  of SnS in Ar, NOx and Ar after 

NOx exposure. ....................................................................................... 6-17 

Figure 6.8 In-situ KPFM of Ag_SnS (a,b) Morphology image and KPFM map of 

the Ag_SnS sample in Ar  (c,d) Topography image and KPFM map of Ag_SnS 

in NOx (e, f) Work function and surface potential values  of Ag_SnS in Ar, NOx 

and Ar after NOx exposure. .................................................................... 6-18 

Figure 6.9 In-situ KPFM of Pd_SnS (a,b) Morphology image and KPFM map of 

the Pd_SnS sample in Ar gas  (c,d) Topography image and KPFM map of 

Pd_SnS in H2 gas (e, f) Work function and surface potential values  of Pd_SnS 

in Ar, H2 and Ar after H2 exposure. ......................................................... 6-19 

Figure A1 1 (a) Microscopic KPFM plots of the sample 2DF, UTF, and TF show 

spatial variation of the surface potential (b) Surface potential histograms 

corresponding to samples 2DF, UTF, and TF… ……………………………….   A1 

Figure A1 2 (a)-(b) Dynamic response curve for sample 2DF, UTF and TF at 

200 °C towards 10 ppm NO2………………………………………………………....A2 

Figure A2 1 (a) XRD pattern for sample W1-W9 indicates small intensity 

diffraction peaks corresponding to (101) planes present in only sample W9. 

(b) XRD pattern of the WS2 film grown at 10 mTorr background pressure and 

600 °C substrate temperature………………………………………………………  A4 

Figure A2 2 AFM images of the as-grown WS2 film, each with 100 laser pulses 

at different Argon pressure……………………………………………………………A5 
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Figure A3 1 The HRTEM images of palladium, gold and silver nanoparticles 

deposited directly on the TEM grid using IGPS setup. The deposition time in 

all three case is kept 30 min with 60Hz spark frequency and sintering 

temperature of 800 ℃ for Pd nanoparticles 500 ℃ for Au or Ag nanoparticles. 

(a-f) TEM images at two magnification indicates the uniform distribution of 

spherical nanoparticle with bigger agglomerates in Pd. Comparatively smaller 

agglomerates with highest particle density is observed in Au. Whereas, Ag has 

minimum agglomeration with uniform particles distribution. (g-f) 

Corresponding SAED pattern are used to find the d spacing in all three 

particles which matches well with the corresponding XRD 

data…………………………………………………………………………………………A6 
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TMD Transition metal dichalcogenides 

SC Surface charge 

SPM Scanning probe microscope 

PSPD Position-sensitive photodetector 

PECVD plasma-enhanced chemical vapor deposition 

JCPDS Joint Committee on Powder Diffraction Standards 

BSE Backscattered electron 

PLD                  Pulsed laser deposition 

IGPS  Integrated gas phase synthesis setup 

PVD  Physical vapour deposition 

PVA Polyvinyl alcohol 

KrF Krypton flouride 

EDS Energy dispersive spectrometer 

CB Conduction band 



xxxiv 
 

VB Valance band 

SP Surface potential 

KPFM Kelvin probe force microscopy 

CCD Charge coupled device 

LOD Limit of detection 




