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Abstract

Given the escalating global warming resulting from carbon emissions and rising
energy expenses, it has become imperative to prioritize the exploration of clean,
sustainable, and renewable energy alternatives in today's world. Thermoelectricity
is a promising technology that has garnered significant interest from the scientific
community which has the potential to produce clean energy by converting waste
heat from various sources, including motor vehicles, nuclear plants, and computers,
into useful electricity. Enhancing the efficiency of thermoelectric materials is a
crucial aspect in realizing the practical application of these materials. While the
thermoelectric transport properties of bulk materials have been intensively studied,
the understanding of thin film-based nanostructure thermoelectric properties is still
incomplete. Therefore, the present thesis work is focused on modulating the
thermoelectric performance of one of the prominent TE materials, SboTes thin film,
by implementing different mechanisms such as electron filtering, and density of
states distortions and so on. The primary work in this direction is achieved by
introducing controlled amounts of size-selected Au nanoparticles with a narrow size
distribution utilizing an integrated gas phase synthesis approach. The examined
nanocomposite exhibits a superior power factor in comparison to other well-
established thermoelectric materials, hence providing a strong impetus for further
investigation into these compounds. Further, to achieve the desired outcome, a
multi-component alloying strategy is adopted, enabling synergistic manipulation of
charge carriers and phonon transport by introducing the AgSbTe> secondary phases
in Sb2Te3. The enhanced performance is discussed in terms of energy-dependent
charge carrier filtering and band structure engineering, which is corroborated by
the first-principal density functional theory-based electronic structure calculation.
In addition, a novel approach utilising cross-sectional scanning thermal microscopy
(xSThM) is employed to empirically determine thermal conductivity values in both
the in-plane and cross-plane configurations. Further, a thorough microscopic
analysis is conducted to examine the influence of oxygen on the phonon and charge
carrier transport properties of the SboTes thin film. The inclusion of oxygen impurity
at the grain boundary in the SboTesz matrix has been demonstrated to lead to a

substantial increase in the power factor resulting from grain boundary carrier
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filtering and modifications in the band structure. Finally, a new strategy based on
the utilization of the substrate effect as a means to improve the thermoelectric
characteristics of various materials is also proposed. The results highlight the
significance of the substrate's contribution to the thermoelectric (TE) transport as
the dimensions are reduced. In addition, the film's TE characteristics are closely
connected to the properties of the substrate. This approach provides a
comprehensive understanding of the substrate effects, encompassing the
underlying physics and offering a promising pathway for the utilization of

thermoelectric power generation and cooling applications.

Overall, the present thesis addresses the potential TE properties in SboTes
compounds by the application of different mechanisms. We believe that the
experimental realization of this potential TE material would be very fascinating and

would further help in predicting the ZT.
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