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ABSTRACT

Semiconductor nanocrystals have attracted considerable attention because of
their unique chemical and physical properties that can be tuned with size, shape and
surface functionality. These nanomaterials have important applications in cell labeling,
medical imaging, and sensing in biomedical technology, light-emitting diodes (LEDs)
for lighting and displays, as well as solar cells and other photovoltaic devices. These
potential applications have encouraged research into nanostructure design and
wavefunction engineering. The modification of nanocrystal surfaces and deposition of
other semiconductor materials also modifies the optical and structural properties; the
main focus of work in the present thesis. The present thesis is mainly focused on
designing of hetero-nanocrystals (core/shell, core/crown and nanoparticle-decorated
nanostructures) and tailoring their optical and electronic properties by surface

engineering.

The first two chapters (Chapter 1 and 2) are dedicated to the extensive literature
survey of research work related to semiconductor nanomaterials, synthetic
methodologies to synthesize the high-quality semiconductor nanoparticles and their
heterostructures along with brief accounts of various techniques employed for the
characterization of as-synthesized materials are also provided. In Chapter 3, we have
synthesized dual emitting CdSe/ZnSe/CdS heterostructures composed of Type-l and
Type-11 band alignments, where ZnSe acts as a barrier for charge carriers between the
CdSe core and the CdS shell. We investigated the effect of the thickness of the barrier
i.e. ZnSe and the shell i.e. CdS, on the charge carrier dynamics by using UV-Visible

absorption, photoluminescence (PL), and time-resolved fluorescence techniques.

Vi



Chapter 4 and 5 describe the role of the surface modification of two dimensional CdSe
nanoplatelets onto the photophysics of the CdSe NPLs. Chapter 4, deals with CdSe/ZnSe
dots-on-plate (DoP) heterostructure with quasi-Type-1l band alignment such that hole
delocalizes on both whereas electron remains confined to CdSe portion. A selective
charge extraction is demonstrated from CdSe nanoplatelets (NPLs) as well as those
decorated with ZnSe nanoparticles. In Chapter 5, we have investigated the effect of
thickness of shell as well as the surface terminating layer — anionic and cationic — on the
optical properties in CdSe/CdS which is a quasi-Type-1l system and CdSe/ZnS, a Type-
| heterostructured core/shell nanoplatelets (NPLs). The photoluminescence, PL lifetime,
and PL linewidth oscillates between low and high state depending upon whether the
terminating surface is composed of anions or cations. In Chapter 6, we have presented
synthesis and study of photophysical properties of Type-Il CdS/ZnSe core/crown
nanoplatelets, where electron will be confined to CdS and hole will reside in ZnSe. Thus
by changing the lateral dimensions with another band gap materials, the optical
properties can be modified without changing their thickness. Chapter 7 summarizes the
results presented in the thesis highlighting the role of surface modifications for

engineering the functionality and the properties of nanomaterials.

vii



S1ES

37eETeeh SAelfsheced o 3eieh Jeidaid THRIS R #ifds o &
qolg @ T €T TR Thar & ST 3R, 3Mpfd 3R Acg T Hriersdr
& WY TG ThT ST Wehdl §1 5T AAIHCRITCH & Aol oldicial, Aol SATSN
AR IASFHA CHFAAST # Hdge, Yer AR BFcer & T gamrr 3casis
SRS (Vel$s), AU & ®N ded IR 37 wididifocs 3ROl # HAgeaqur
ITOET §1 ST GHIfad 3l A Seecadad fBersd R daheRis
SSIaRAT 7 3THU & Sicdnied fhar g1 aade Nfw 7 wH H1 7
a8 AifshEce gl & HAUA AR 3T eTad uerdi i SFAEE g
3iifCeenel 3R FTAATCHS 0T I AT T &1 aAE NAT q&7 &7 4
ge-aieliTshecel (PR/LA, PR/FBA R AAIEHRT GaRT AT T AdgFad)
I TSSileal el AR TAg SolfaReT ganT 3iifteshor AR Folergifaieh Ui 1
TMT e W S

Ugd &1 AT (3T 1 AR 2) e AAACRIew, 3T aqurEar
gl 3T Aduiched 3R 3% geiEcaad @ Gl Fa & fovu
fHafts Jeufaw & Wefta rqHue &9 & s Aifecd adator & faw
AT §, dUT 38% 87T auid & forv e affies deeliert & aféred
Gral T Il 8 gereT & ST g1 AT 3 H, g« @sy-1 3R ersu-2 &3
TEUT & Fo1 agd 3catold CdSe/ZnSe/CdS gelgaadl &I Hea™d fhar
g, I8 ZnSe, CdSe &R 3R CdS A & &IT TST args & folv T amer &

T H FRT AT &1 §H RISIA/ERTRIRT 3TGMNYUT, FhRIESITT (diwer), 31k
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ga-gatenfad gfadif®a deelienl &1 39T e dlel digeh Inaieldl W
STeT @ Alers & GRUnHA, 31T ZnSe AR Ao, CdS, @ S M Fl AT
4 3R 5 CdSe =idlicelcalcd & WIChioldd WX, & A#HT CdSe sisilcelceed
& HAE AT I fAST o1 goied d &1 IJEIA™T 4, CdSe/ZnSe sie-3ii-
Tole gelieady O 374-csu-2 d5 WWUT & 1Y FIH Hdl &, o9 & gl
aler e W feTafaa & S9fe soecia CdSe 9T d% & WfAT Ear gl
CdSe sisiiteicelecd 3R ZnSe AdAIUICHed & HSMU T CdSe AdAIcolcocH

CART Ueh IIeATcHS dlol TAhrly &1 Ygiel foham Sirar g1 3redrT 5 H, At
CdSe/CdS = f& 3refesu-1l womell 3R CdSe/ZnS, T <BU-l SR/AA
AeAICoICecH (TAUTH) & 3fifCeehel VT W AT HT AlCTS & WY-ATYT HAG HhT
AT 1 W - 3Hf30fes AR Siasifaes - & g &1 s @ gl
YhIRIEGITCT, T TShersd, IR AU deATdgy # A 3 3T HTEAT &
9T arereT gaT &, S & 39 a1d W R aar § & a7 gATa @dg anions

IT cations ¥ ST gl IEAT 6 H, gA« c39-2 CdS/ZnSe R/ Hi3aT
AeATCelceied & WAV 3R BIeifhiotemer 0T &T sreaae faam §, STet SeiaelsT
CdS T AT g AR glel ZnSe & WM $H YN @A &5 I AHA
% HIY URG 3MATH &I Seoehy, Ceehel 0N @I 3Tl HICS HI Feold H
fo=r Fenfere foham S &bl 1 3R 7 A RIew & srdeherdr 3R ot
& FNAReT & foT Tag Fevust dr A T IAER Fe are Ay gey
7 weqd aRoTAT T ARIRAT FAT B
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Figure 5.6: (a) Absorption, (b) PL spectra (normalised w.r.t. absorbance at
excitation wavelength) of SML CdSe NPLs and CdSe/mZnS after each anionic and
cationic addition for six cALD cycles. (c) Absorption and PL peak positions, (d)
integrated PL intensity (e) FWHM, and (f) average lifetime of core CdSe NPLs and
CdSe/mZnS NPLs as a function of anion and cation terminated surface. Note that the

first S addition, i.e. S1 does not yield any PL which is represented as black circle. ...120

Figure 5.7: (a) Absorption, (b) PL spectra (normalised w.r.t. absorbance at
excitation wavelength) of 4ML CdSe NPLs and CdSe/mZnS after each anionic and
cationic addition for six cALD cycles. (c) Absorption and PL peak positions, (d)
integrated PL intensity (e) FWHM, and (f) average lifetime of core CdSe NPLs and
CdSe/mZnS NPLs as a function of anion and cation terminated surface. Note that the

first S addition, i.e. S1 does not yield any PL which is represented as black circles...121

Figure 5.8: TRPL spectra of SML CdSe NPLs and CdSe/CdS core/shell NPLs

with each cationic and anionic addition 10 the NPLS. .........ccccccvveeeeeeeeeeeaieeeeeeeeenn 124

Figure 5.9: TRPL spectra of SML CdSe NPLs and CdSe/ZnS core/shell NPLs

with each cationic and anionic addition 10 the NPLS. .........ccouoveeeeeeeeeeeeeeeeeeeeeeeeann 126

Figure 5.10: Schematic representation of the entire decay process for
CdSe/CdS and CdSe/ZnS core/shell NPLs with cation-terminated or anion-terminated
surfaces. Note that the cation trap states are narrower in energy compared to the anion
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Figure 6.1: (a) Type-II band alignment in the CdS/ZnSe, (b) schematic
representing conversion of CdS NPL to CdS/ZnSe core/crown heterostructure.
Absorption and PL spectra of (c) CdS NPLs and (d) corresponding CdS/ZnSe

core/crown NPLs. Inset in panel ‘c’ shows an enlarged view focussing on the

absorption Peaks Of CAS NPLS. .........cc..cccoeoiiiieeiieecee e 141

Figure 6.2: (a) PXRD patterns of CdS NPLs, CdS/ZnSe core/crown NPLs along
with bulk CdSe wurtzite (WZ), CdSe zincblende (ZB), and ZnSe ZB patterns. TEM
images of (b) CdS NPLs and (c) CdS/ZnSe core/crown NPLS..............cccccceevevurn... 143

Figure 6.3: EDX spectra of (a) CdS NPLs and (b) CdS/ZnSe core/crown NPLs.
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Figure 6.4: (a) Normalized absorption, (b) PL, (c) PLE at Agiy*, (d) integrated
PL intensity of core emission (triangles) and crown emission (circles), (e) time-
resolved PL decay traces and (f) fwhm (circles) and average lifetime (triangles) for
CdS/ZnSe core/crown NPLs at different growth times. The decay profile of each sample
is collected at its ALR* by using an excitation wavelength of 377 nm. Inset in panel (c)
shows zoomed view focussing on the absorption bands from panel (a) evolving with the
growth of ZnSe crown over CdS NPLs to compare with the PLE. The same color coding
IS used for All the PANELS. ................cccoocuiiiiiiiieiieeie et 147
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS

% percent

Y frequency

A wavelength

0 theta

T lifetime

A angstrom

uL microlitre

°C degree centigrade

nm nanometer

e.g. for example

g gram

h hour

min minute

Hz hertz

ie. that is

kv kilovolt

eV electron volt

Eq band gap

M molar

Ar Argon

mmol millimole

mL millilitre

ns nano seconds

NCs nanocrystals

TEM transmission electron microscopy
HR high resolution

EDX energy dispersive X-ray analysis
PXRD powder X-ray diffraction

XXiV



NPLs nanoplatelets

CB conduction band

VB valence band

EMA Effective mass approximation
PL photoluminescence

ODE 1-octadecene

OA oleic acid

XXV



	PhD Thesis_2011CYZ8213_Sushma Yadav.pdf



