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1.1 Materials under Nano regime

1.1.1 Nanomaterials

“There’s still plenty of room at the bottom” a quote by the famous theoretical physicist
Richard Feynman opened up the era of “Quantum Dynamics” involving the
unravelling of quantum mechanics in action within extremely small regimes. Thanks
to the high-throughput research and development made in the field of energy
applications during past few decades which have revolutionized the world with
discovery of novel materials possessing unique properties. Amongst the latest cutting-
edge fields of nanoscience and nanotechnology, the three major contributing fields are
the photovoltaics, optoelectronics and thermoelectrics. Interestingly, the materials
from group III-V, like the pnictides of boron, aluminum, gallium and indium, have
been studied for all the three applications.?? In addition, precise refinement in the
properties of these materials has been achieved by means of chemical doping or by
applying external pressure/strain or by imposing dimensional reduction that induces
quantum confinement in the material.3# The term quantum confinement relates
directly with the word ‘nano’ (measuring one billionth part of a unit) that is derived
from the Greek word ‘nanus” meaning dwarf had been declared as a standard prefix
by General Conference on Weights and Measures (CGPM/GCWM) committee in
1960. A mysterious modulation in the material properties is observed as a result of
reduction in its dimension(s)! The dramatic modulation of the material properties
(magnitude and trend) depends on the number of reduced/confined dimensions. The
zero-, one- and two- dimensional (0D, 1D and 2D) nanostructures have respectively

their three, two and one dimensions confined and hence, the transport in those
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particular directions is restricted. The effect of dimensional confinement can be

validated from the energy dependent responses of the electronic density of states
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Figure 1.1. Energy dependent responses of electronic density of states (DOS) for bulk, 2D and 1D
materials. The crystal structures and DOS equations are embedded with respective
systems.

(DOS) of the material (see Fig. 1.1). The evidence of the energy dependent electronic
density of states can be validated by the respective equations embedded with
respective 3D, 2D and 1D systems. This spatial relation makes the nanomaterials to
possess much more interesting electro-optic and transport properties as compared to
their bulk counterparts. Since the present thesis deals with nanowires, we shall
describe only the nanowire in the following sections.

1.1.2 One-Dimesional Nanomaterials

Amongst the three distinct nanostructures, the two-dimensionally confined one-
dimensional (1D) nanostructures like nanotubes, nanoribbons, nano whiskers,

nanorods, nanofibers and nanowires (NWs) have drawn great attention of researchers
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and materials scientists owing to their versatile properties like strong quantum
confinement,® carrier trapping®’” and moderate electronic bandgap.8° A plethora of
research articles that expound the characteristics of growth mechanism,0 phase
engineering!12 and heterostructuring (HS)!314 of the NWs have emphasized the
significance of these 1D systems owing to their versatile nature and multiplicity of
application. Further, these 1D systems, especially when constructed by combining the
group Il and V elements, yield tremendously unexpected results.1 The literature also
reveals the dramatic behaviour of such III-V NWs when subjected to
heterostructuring.’®17 On introducing heterostructured configuration, the existing
spatial electronic states can be modulated in a complete controlled manner that
ultimately helps in achieving desired transport.’8-21 It should be noted that the
introduction heterostructured geometry in NWs may lead to lattice mismatch between
the core(bottom) and the shell(top) materials of radial(axial) heterostructure nanowire
(HSNW) due to differences in their structural parameters particularly the lattice
parameters. The difference in the lattice parameters at the hetero-interface originates
due to the diversity of the constituent materials, and therefore, it induces strain within
the hetero-layers. Generation of strain within the HSNWs could be considered as one
of the factors responsible for trapping/separating the charge carriers or elongating the
carrier lifetimes and recombination rates.22-2¢ This further helps to understand and
tune the mechanism of transport taking place at the hetero-interface.?> Henceforth,
generally for obtaining desired properties with stable configuration, it is expected that
the lattice mismatch between the constituent materials of the HS should be minimal

or within an acceptable range. More the lattice mismatch, more the strain generated

3|Page



INTRODUCTION CHAPTER 1

in the system. Surprisingly, in the case of 1D HSNWs, the generated strain gets
released in radial directions therefore, the structural stability of the system becomes
achievable with unique interface properties.?>2¢ It is interesting to know that despite
of being complex in geometry, formation of HSNWs yields such favourable
conditions. Experimental reports reveal successful synthesis of radial and axial
HSNWs using the vapour-liquid-solid (VLS) method, that facilitates the growth of
HSNWs with not only distinct lattice constants of shell and core materials, but also
large lattice mismatch with the substrate material.?’-30 The prime reason for the same
is the release of strain through the radial directions to the lateral surface of HSNWs.
One of the studies on GaAsP/GaP core/shell NW by Himwas et al.3132 shows
unintentional occurrence of core/shell geometry on deviating the arsenic (As) and
phosphorous (P) contents in GaAsP NW. Further, it is observed that without
passivation, these NWs do not show significant luminescence; however, on
passivating the NW with GaP shell, it induces extra peak in PL spectra, confirming
optical transition.3132 Zhang et al.333¢ have suggested strong carrier confinement
owing to large differences in the bandgaps of core and shell NWs on combining III-V
HSNWs with group-V material shell. The resultant downward surface band bending
causes enhancement in the carrier injection efficiency of the system.35-37

Keeping the trends of the literature and necessity of filling the gaps between the
available data and blanks within the literature, the well-established quantum
mechanical tool density functional theory (DFT)3® (see Fig. 1.2) was utilized for
investigating the ground state structural, electronic and optical properties of selected

[I-V materials under bulk and nano regimes. Further, to modulate the electro-optic
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properties of these III-V NWs, the structural manipulations are introduced by means
of constructing radial and axial NW heterostructures. To get a deep insight into the
underlying mechanism of carrier dynamics within the heterostructured configuration,
and to establish a relation between the properties of the system under bulk, NW and
HSNW geometries, a comparative assessment of computed properties is carried out.
To show significant development and importance of DFT, NWs and heterostructured
NWs, the profiles of number of publications versus publication year are represented

in Figs. 1.2 (a), (b) and (c), respectively.
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Figure 1.2. Profiles of number of publications versus year of publication is presented for (a)
DFT, (b) Nanowires (NWs) and (c) Heterostructure Nanowires (HSNWs) (source:
Web of Science as on June-2020).
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1.2 Strategies to Improve Properties of Nanowires

Apart from imposing quantum confinement effect, there still remains a few aspects of
the system that need tuning according to respective applications. As far as NWs are
concerned, the methods that are utilized presently for yielding optimum results from
the materials are discussed below:

1.2.1 Tuning Diameter

The assessment of quantum confinement effect can be predicted through dimensional
analysis; in the case of NWs, the unique 1D nanomaterials, diameter plays a significant

role for defining confinement. Literature survey reveals that the electronic bandgap

1.43 eV (I) 1.90 eV (D)  2.13 eV (I) 2.58 eV (I)

GaP Bulk GaP NW
(WZ) (3 nm)

Figure 1.3. Confinement dependent modulation in electronic properties of gallium phosphide
(GaP): from bulk to 1D nanowires with three distinct diameters (atoms in green, orange
and yellow represent gallium, phosphorous and hydrogen atoms, respectively).
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magnitude and dispersion relation are diameter dependent and tailoring indirect to
direct bandgap was achieved by means of tuning the NW diameter.3 It is found that
as the diameter of the NW decreases, the electronic bandgap exhibits enhancement
and vice-versa.* More the diameter of the NW, greater would be its behaviour as a
bulk material. Akin to these reports, we have studied the effect of diameter on III-V
NW properties. The graphical representation of electronic bandgap alignment with
respective bandgap nature and magnitude is represented for gallium phosphide (GaP)
(see Fig. 1.3). As it can be clearly observed from the figure, bulk GaP with Wurtzite
(WZ) phase possesses indirect bandgap with 1.43 eV magnitude, and on confining the
material in form of WZ NW, the gap shows diameter dependent enhancement.
Further, the indirect to direct bandgap transition occurs for NW with ~ 3 nm diameter
and gap magnitude lying within the optical spectral range. These properties of the
GaP NW make it suitable for optoelectronic devices.

1.2.2 External Strain

As discussed earlier, out of three kinds of nanomaterials, NWs that are subjected to
spatial confinement in two orthogonal dimensions possess unique properties like
quantized and anisotropic conduction.®0 The restricted electronic wave-function then
behaves as a unidirectional conducting particle. Unlike diameter tuning, imposing
strain on the NW has the advantage of retaining the dimension within feasible range
with improved electro-optic transport through the NW.35 As two of the dimensions
of the NW are restricted via confinement, there remains only one single dimension

with degree of freedom that can be modulated for designing materials with
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tailormade properties. This implies that in case of NWs, out of the three distinct types
of strains, uniaxial strain is more suitable for tailoring their properties.

1.2.3 Doping/Creation of Defects

Chemical doping refers to the addition of foreign atomic species in the host
lattice/material that can modify the intrinsic properties of the material via
stoichiometric or composition modulation. The difference between doping and
alloying can be assessed by the concentration of the foreign species. In the case of
chemical doping, though the concentration is very less, it can dramatically alter the
properties of the system; while, the alloy can be viewed as a mixed state of two or
more materials that provides an opportunity for overall tuning of the material
properties considering multiple aspects. Literature survey reveals the utilization of
unique NWs as a photocatalyst for production of hydrogen via water-splitting
mechanism.#243 Apart from the novel and precious metal-based catalysts, there is a
great need for developing metal-free, cost effective and eco-friendly catalyst material.
To assess the role of NWs as a catalyst, the adsorption and Gibbs free energy of the
selected NWs was computed for pristine and defected conditions, and, the results
indicate markable improvement in catalytic activity of the NWs on introduction of
substitutional doping.

1.2.4 Constructing Heterostructure

Out of all the listed techniques, researchers have found a unique method of
constructing a heterostructure (HS) or heterojunction (HJ) through which fine tuning
of the transport properties along a specific direction can be attained. As obvious from

the name “hetero’ referring to many or more than one, implying that a combination of
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more than one material in the form of 1D or 2D configuration yields a HS. For high-
performance field effect transistors (FETs), photovoltaic devices and photocatalysts, it
is necessary for a material to possess low carrier recombination rates,* which can be
achieved by trapping the negative/positive charge carriers in different layers.
Trapping of carriers can be done by many means, yet, the heterostructured
configuration provides access to the core level conduction mechanism governed by
both types of charge carriers thereby providing control over the carrier dynamics. For
the successful construction of a HS to be utilized in the latest cutting-edge technologies
like photovoltaics, photocatalyst and optoelectronics, there are three major conditions
that need to be satisfied4>4:

1. There should be as low as possible lattice mismatch between the individual
materials contributing to HS formation.

2. The most crucial condition apart from least lattice mismatch is the band offset
between the constituent materials, as this solely depends on the position of the
electronic edge states of constituent materials.

3. The last but not the least condition to be satisfied is the type-II alignment of the
electronic edge states after formation of the HS.

Depending on the position of the electronic edge states of the constituent materials,
the band alignments in the HS may give rise to either of the three types of HS namely
type-1, type-II or type-III. The schematic diagram representing the typical band
alignments in these HSs is shown in Fig. 1.4. As it is clear from the diagram, if the
band edge alignment is such as the valence band maxima (VBM) of one heterolayer is

higher than the VBM of the other, together with the conduction band minima (CBM)
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of the same layer lying at lower energy level than the other one, the HS is of type-I. In
case of type-II HS, the VBM and CBM both levels of the second material (B) are lower
than the respective VBM and CBM levels of material A. At last, the type-III
heterostructure is formed when the VBM and CBM edge states of second materials (B)
are aligned lower than the VBM of first material (A), leaving no room for beneficial
conduction. Out of all the three types of HSs, the type-1I HS is the most desirable one
due to its spatially aligned band edge states of heterolayers, that aid very-well in
separating the charge carriers through trapping mechanism and improves the overall
efficiency of the HS.7# For all devices that enrol the photon induced
conduction/transport mechanism need to have type-II HJ/HS configuration for

enhanced yield.

Figure 1.4.  Three distinct types of heterostructures (type-I, type-II and type-III) formed when
semiconductor materials (A and B) with different band edge alignments are merged
(yellow and blue bars represent the bandgap magnitude of A and B semiconductor
materials, respectively.).
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1.3 Research Objectives

The present thesis aims to present the research work carried out on selected bulk and
nanostructured III-V compounds under the framework of first-principles density
functional theory (DFT)% for the investigation of their ground state structural,
electronic and optical properties. The all forms of III-V compounds have been viewed
as the core-materials for cutting-edge technologies like optoelectronics,
thermoelectrics and nanoelectronics. Apart from the conventional photovoltaic
industry, these materials are also useful for their applicability in the field of
photocatalysis for obtaining pure hydrogen from splitting water molecules via solar
energy in an eco-friendly and non-hazardous way. One of the major reasons being
their desirable range of electronic bandgaps that fall in the visible range of electro-
magnetic spectrum with direct type of nature. The other reason being their metal free
crystal structures with wide range of tuneable properties together with chemical and
physical robustness. The specific objectives of the present thesis are listed below:

1. To compute the structural, electronic, optical and thermoelectric properties of
selected III-V compounds with their polytypic bulk phases.

2. To construct two-dimensionally confined NWs from the optimized bulk unit
cells of the selected III-V compounds, and investigate their structural,
electronic, and optical properties.

3. To construct the axial /radial heterostructure nanowires (HSNWs).

4. To compute the structural, electronic and optical properties of the HSNWs and
establish a relationship between the size, shape, material and phase dependent

properties of the HSNWs for building a pathway for designing unique
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materials with desired properties such as electronic, optoelectronic, catalytic

and thermoelectric.
1.4 Structure of the Thesis

After the achievement of the aforementioned objectives, we have integrated the results
with respective discussions in six different chapters.

CHAPTER 1 presents a brief description of the contribution of the III-V materials in
the fields of optoelectronics, nanoelectronics and thermoelectrics and the
advancements made in these group of materials through chemical doping or through
modifying the structural phase and/or imposing strain/confinement, etc. The
different III-V materials like gallium nitride, gallium phosphide, gallium arsenide,
gallium antimonide, boron nitride, boron phosphide, boron arsenide, etc. have
significantly contributed to the field of optoelectronics to thermoelectric devices;
especially, the group IlI-nitrides and -arsenides have become famous owing to their
adaptable electro-optic transport characteristic profiles. One of the reports on GaP
NWs grown with Wurtzite phase suggests direct nature of electronic bandgap with
magnitude 2.17 eV in contrast to its bulk counterpart.#’48 This gap, being direct in
nature, suggests its utilization in optoelectronic devices. Apart from the Ill-nitrides
and -arsenides, the gallium antimonide based HSNWs have received scarce attention,
and need to be explored owing to their high thermoelectric figure of merit in its bulk
phase,*® which can be enhanced by means of dimensional confinement.4® Apart from
gallium based HSNWs, the aluminium based pristine HSNWs have not been studied

so far for testing their application in the fields of optoelectronics and photovoltaics.
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CHAPTER 2 covers the step-by-step description regarding the theoretical aspects and
computational approach utilized for studying the proposed properties of selected III-
V materials under bulk and nano regimes. The first theoretical approach starting from
Born-Oppenheimer approximation to the latest ground breaking electron density-
based approximation formulated by Walter Kohn and Lu Jeu Sham together with
different exchange-correlation functionals based on local density approximation
(LDA) and generalized gradient approximation (GGA) for the construction of
pseudopotentials are systematically described. Apart from the electronic properties,
we have also evaluated the optical, vibrational and thermoelectric properties of the
proposed systems and, respective approaches have been included in this chapter. The
evaluation of optical transport properties has been done by computing the frequency
dependent complex di-electric function of the materials that explicitly gives graphical
representation of the optical transport as a function of photon energy thus, validating
the active regime of the material within the electro-magnetic spectrum. To validate the
stability of the materials and to unravel the phonon dynamics of the material, the
density functional perturbation theory (DFPT)> has been applied. Last but not the
least, the present chapter sheds light on the deformation potential theory utilized in
conjunction with the Boltzmann Transport theory utilized for evaluating electron and
phonon contributions to the overall thermoelectric transport properties of the
materials.

CHAPTER 3 is focused on the structural, electronic, vibrational and thermoelectric
properties of the gallium pnictides, GaX (X=P, As, Sb) taking into consideration the

two polytypic phases, the cubic zinc blende (ZB) and the hexagonal wurtzite (WZ).
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The electronic band structure calculation performed for all systems reveals direct
nature of electronic bandgap except for GaP. Encouraged by the moderate and direct
nature of the electronic bandgap of these materials, and to validate their applicability
to the field of thermoelectrics, the vibrational dynamics of the systems was evaluated
by means of computing the phonon dispersion curves (PDCs) and phonon density of
states (PHDOS). The absence of soft phonon modes and/or imaginary frequency
components in the PDCs of all the systems validates the dynamic stability of the
systems in both polytypic phases. The PHDOSs were utilized for assessing the thermal
transport properties of the systems and, the 2nd order inter-atomic harmonic force
constants (IFCs) were utilized for computing the 34 order anharmonic IFCs that can
be further used for solving the Boltzmann transport equations (BTE) for phonons that
account for assessing phonon contributions to thermoelectric properties. At the end,
the results on phase dependent thermoelectric properties of GaX systems show that
the WZ phase, the most preferred phase at nanoscale, gives lower thermal
conductivity and higher thermoelectric figure of merit (ZT) which indicate the
thermoelectric efficiency of the material. Furthermore, the GaSb stands out as a
promising candidate for thermoelectric applications amongst the remaining pnictide
siblings. After getting markable results on the electronic, vibrational and
thermoelectric profiles of GaX compounds in WZ phase, two-dimensionally confined
1D nanostructures were constructed for understanding the modification in the
properties of GaX subjected to size-effect. As expected, the strong quantum
confinement effect resulted in expansion of the band edge states of all the three

systems. To get a deep insight into the properties of these NWs, all the computations
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were reperformed by varying the size (diameter (~1, 2 and 3 nm)) of the NWs and by
applying uniaxial external strain. These two parameters also help in tuning the
properties of the NWs according to the desired application. The diameter dependent
profiles of the electro-optic properties of GaX NWs suggest that the GaP NW with ~3
nm diameter shows direct nature of electronic band gap with moderate magnitude of
1.90 eV, whereas, the remaining sibling NWs retain indirect nature of bandgap with
reduction in gap magnitude as a function of NW diameter (2.27, 1.86 and 1.60 eV for
GaAs NW and 1.68, 1.25 and 0.99 eV for GaSb NW, respectively). The results of strain
dependent electronic responses of the NWs reveal dramatic indirect to direct bandgap
transition for GaAs and GaSb NWs at 4% uniaxial compressive strain, whereas for
GaP NW, the threshold value for such transition is 2%. Furthermore, the frequency
dependent complex di-electric functions are evaluated; which suggests that peak
absorption of electro-magnetic energy occurs within visible-ultraviolet region. Owing
to these observations, the applicability of these systems can be evaluated in the field
of optoelectronic and photovoltaic devices. On the other hand, the dramatic indirect
to direct electronic transition observed at 4% for GaAs and GaSb NW (2% for GaP
NW) uniaxial compressive strain suggests that these NWs can be utilized in strain
mediated switching devices. The unique electro-optic and vibrational responses of the
systems provide inspiration for studying the system for thermoelectric applications.

Moving towards the main objective of the present research work, the optimized
pristine GaX NWs were utilized for constructing the radial heterostructures (HSs)
with core/shell (CS) geometry. The two such core/shell HSNWs namely, GaSb/GaP

and GaSb/GaAs, were constructed and respective electro-optic responses were
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evaluated under the approach described in CHAPTER 2 and the corresponding
results are presented in the next chapter, CHAPTER 4. To study the effect of shape
dependent modifications in the HSNW properties, the shell NWs made up of GaP and
GaAs NWs were embedded on the GaSb core NWs constructed with two distinct
cross-sectional areas (round (R) and triangular (T)). The overall cross-section of all the
HSNWs were kept to be hexagonal. The first-time studied approach of tailoring the
system properties with respect to core shape and shell materials could be a unique
pathway for tuning the electro-optic transport through the HSNWs. This also gives
opportunity to precisely modulate the charge carrier recombination rates through
surface charge trapping, subjected to distinct electronic edge states of the hetero-layers
(core/shell). The best way to assess the cause of the modulation in the transport and
the edge states, is to evaluate the conduction and valence band edge states of the
hetero-layers and investigate the band alignment subjected to heterostructured
geometry of the NWs. Depending on the band alignment, there are three types of
heterostructures, namely, type-I, type-II and type-1IIl. Amongst the three types, type-
IT heterostructure is the most preferable configuration owing to its ability to trap
surface charge carriers and decrease the recombination rates. This unique
characteristic is the foundation for the construction of opto-electronic devices and
photovoltaic solar cells. Following this, we have computed the solar cell parameters
of the HSNWs and compared them with the pristine GaX (X=P, As, Sb) NWs. The
results show that the pristine GaSb NW with ~ 2nm diameter possesses highest power

conversion efficiency of 32% amongst all considered systems. Apart from the pristine
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NWs, the GaSb-GaAs HSNWs possess markable efficiency of 16% which suggest that
the HSNWs could be the suitable candidates for photovoltaic devices.

Being the most contributing materials, besides GaX compounds, we have also
considered two famous aluminium based pnictide compounds namely, aluminum
phosphide (AIP) and aluminum arsenide (AlAs) for computation, and, for inspecting
their structural, electronic and optical properties under bulk and confined geometries.
The respective results of the considered materials are presented in CHAPTER 5. These
two compounds have been reported for their markable performance and have been
utilized for optoelectronics to photovoltaics.? Similar to the other III-V compounds,
AIP and AlAs also tend to crystallize in WZ phase with hexagonal symmetry under
confined geometry, despite existing in ZB phase with cubic symmetry in their bulk
counterpart. To systematically study the phase dependent properties of these
materials, the bulk AIP and AlAs were first studied under the proposed approach and
then the optimized unit cells of both compounds were considered for the construction
of the pristine AIP and AlAs NWs. Structural, electronic and optical transport
properties were computed for both NWs for the assessment of quantum confinement
effect. Dramatic indirect to direct band gap transition in the case of AIP compound
was observed subjected to two-dimensional confinement; whereas, the AlAs
preserves its indirect nature of electronic bandgap even after imposing confinement.
As expected, the dimensional confinement of both compounds results in enhancement
of the electronic band gap magnitude. These results indicate that the AIP under
confined dimensions is suitable for optoelectronic applications owing to its direct and

moderate magnitude of bandgap. The next step in the study was to utilize these
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pristine NWs for constructing the axial and radial HSNWs. The two variants of radial
HSNWs AIP/AlAs and AlAs/AlP were then considered for fully optimizing all the
structural parameters under specific threshold criteria. The electronic and optical
transport properties of the core/shell heterostructure NWs (CS-HSNWs) unravel
spatially confined charge carriers owing to the desired band gap alignment. The
bandgap magnitude of 2.72 eV with direct nature in the case of AlAs/AIP CS-HSNW
supports the applicability of the considered HSNW in the field of photovoltaic solar
cells as the high-energy photon absorber layer. On the other hand, the second variant
AlIP/AlAs CS-HSNW with indirect nature shows less suitability in optical devices.
Apart from the band alignment, the electronic band structure calculations reveal
indirect nature of the bandgap with gap magnitude of 2.60 eV in the latter case.
Inspired by these results and to explore geometry dependence, the axial HSNW (A-
HSNW) from AIP and AlAs NWs was then constructed by stacking the individual
unit cells of the pristine NWs on each other along 0001 direction. This constructed
axial HSNW was then fully relaxed till the convergence criteria were not achieved.
All proposed properties evaluated for bulk, pristine NWs and CS-HSNWs were then
computed for the AIP/AlAs A-HSNW. This chapter provides full-insight into the
electro-optic transport properties of AIX compounds ranging from their bulk phase to
the confined NW geometry to the spatially constructed radial and axial HSNW
configurations, and also sheds light on unique pathways to engineering the carrier
dynamics in the semiconducting NWs.

The last chapter of the thesis, CHAPTER 6 contains the results and discussion on the

applicability of the group IlI-based phosphide NWs in one of the emerging energy
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application fields, i.e. hydrogen generation through water-splitting process by
computing the hydrogen evolution reaction (HER) and oxygen evolution reaction
(OER) based catalytic activity of the systems. The results of electronic properties
suggest indirect to direct bandgap transition of the systems under quantum size effect
with enhancement in gap magnitude. Furthermore, to finely tune the properties, the
NWs were subjected to substitutional defect/doping, and it is observed that the
chemically modified NWs are more sensitive to hydrogen/oxygen adsorption and
yield pronounced catalytic activities. The obtained results show significance of metal-
free novel materials that have potential to be utilized as active HER/OER catalysts
because of their unique properties. Although the III-V compounds not being
extremely abundant, yet under confined geometry they provide a scope for their
utility owing to the reduced need of material and admirable responses. We believe
that further enhancement in the catalytic response of the NWs can be achieved by
means of tailoring the electronic bandgap of the system(s) via optimizing the dopant
concentration and/or phase or structure engineering.

The overall conclusion based on the results on the structural, electronic, optical,
vibrational and thermoelectric properties of the considered III-V compounds ranging
from their bulk phase to nanostructured complex geometries are summarized in
CHAPTER 7. Both the groups; i.e. GaX(X=P, As, Sb) and AIX (X=P, As) standout as
the suitable candidates for optoelectronic and photovoltaic nano-device based
applications. The dramatic effects of nanostructuring and heterostructuring has been
observed in both cases. Further enhancement in electro-optic responses of the pristine

NWs has been made by introducing radial and axial heterostructured configurations.

19| Page



INTRODUCTION

We believe, that the results shed light to the pathway for engineering the properties

of the system by means of engineering the phase, dopant concentration, size, shape,

geometry and composition. At the end, the thesis details a brief description on the

scope of probable future research avenues.
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