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Abstract

Biological imaging is an immensely useful and popular analytical tool. It has gained
significantly with advances in microscopic techniques and has emerged as a reliable
source of qualitative as well as quantitative information. Two of the most widely
used means of contrast generation for biological imaging are fluorescence and light
scattering. These are different ways in which light, an electromagnetic radiation,
interacts with matter. Fluorescence involves absorption and emission of selective
wavelengths as a result of electronic state transitions. Scattering, on the other
hand, is more of a result of vibrational transitions wherein light incident on a sam-
ple is deflected in different directions. Both techniques offer unique pros and cons
with regards to imaging methods and applications. Notwithstanding the various
advantages offered by the existing imaging systems available for research and com-
mercial purposes, a common limiting factor in most of these cases is the high cost of
instrumentation and maintenance. These systems are also often bulky and require
trained operators, and hence, there is a need for compact, cost-effective, rapid and

easy-to-use imaging based platforms.

In this work I have developed two imaging systems with wide potential biological
applications by employing a total internal reflection-based optical module. In the
first case, a fully automated and miniaturized microscopy system, called the i-scope,
has been developed which offers features such as a high magnification, resolution,
larger field-of-view and a large-area sample scanning. The system comprises of a
simplistic design with off-the-shelf or in-house 3D printed components. It allows
sample imaging in a brightfield and (total internal reflection) fluorescence modes.
The i-scope has been used for cell enumeration of milk somatic cells and bacteria.
It offers a cost-effective, portable, automated and convenient alternative to conven-

tional fluorescence microscopes.

In the second case, a label-free nanoparticle characterisation system based on single
particle tracking, called SNC-TIRS, is developed. The system illuminates sample
particles with a evanescent field and collects the scattered light to map particle
trajectories as they diffuse through the observation volume. The single particle
trajectories are used to estimate hydrodynamic sizes of the particles. Moreover,

the observation volume is quantified to estimate sample concentration. SNC-TIRS



has been evaluated using inorganic nanoparticles as well as biological nano-vesicles

called exosomes.

A unifying feature of this thesis work has been to develop methods and systems
which are more accessible, especially in low-resource field settings. The conceptu-
alisation and development processes of both i-scope and SNC-TIRS were driven by
this approach. Both systems do not impose any elaborate infrastructural or sample
pre-treatment requirements. Furthermore, they display potential to serve as useful

diagnostic tools.
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