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Abstract

Water enters the hydrophobic cavity of narrow CNTs despite enthalpy penalty due to loss of hydrogen
bonds and forms ‘solid-like’ ordering at room temperature. We give the thermodynamics of water entry
inside hydrophobic nanotube by calculating the free energy of water. We also show that the water mole-
cules inside the CNT cavity get aligned by flow to have a net dipole moment along the flow direction. With
increasing flow velocity, the net dipole moment first increases and eventually saturates to a constant val-
ue. This behavior is similar to the Langevin theory of paraelectric with the flow velocity acting as an effec-
tive aligning field. This observation provides a way to control the dipolar alighment of water molecules in-
side nanochannels with possible applications in nano-electrical devices. If time permits, we will discuss
two other interesting problems in confined water namely: (i) the mechanism of water permeation in heli-
um impermeable grapheme oxide (GO) membrane based on potential of mean force (PMF) calculation
and (ii) proton kinetic energy anomalies in the confined water and compare our calculated mean proton
kinetic energy to those obtained by deep inelastic neutron scattering (DINS) experiments.

The Speaker

Prof Prabal Maiti, is currently the Chair — Department of Physics and the Center for Cryogenic Technology,
Indian Institute of Science, Bangalore. He is currently the Associate Editor for the Physical Chemistry
Chemical Physics journal of the Royal Society of Chemistry. He is a Fellow of the Royal Society of
Chemistry (2021) and also Fellow of the Indian Academy of Science (2018). He has authored nearly 175
journal publications and 4 book chapters. He is recipient of the CRAY Dr A P J Abdul Kalam HPC Award
(2020), DAE-SRC Outstanding Investigator (2012-2017), Microsoft Research (MSR) India Outstanding
Young Faculty Award (2009, 2010), Fulbright-Nehru Senior Research Fellowship (2012) and an Alexander
Von Humboldt Fellowship (1998-1999). The broad areas of his current research interest include; Charge
transport in molecular systems, Computational biophysics, Fluids and polymers under confinement,
Activity induced phase separation and Nucleic acid nanotechnology.
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About PRL

The Physical Research Laboratory (PRL), known as the “cradle of space science” in India, is
one of the premier research institutes founded in
1947 by Prof. Vikram Sarabhai, a renowned Cosmic
Ray Scientist, a great visionary and institution build-
er. PRL played a seminal role in producing a highly
motivated cadre of space scientists and the technol-
ogists of highest international repute. The first sci-
entific rocket launched from Thumba on 21st No-
vember-1963 and many other rockets launched
thereafter contained payloads developed at PRL. Dr.
Sarabhai initiated many of these scientific and tech-
nical activities at PRL which eventually led to the for-
mation of the Indian Space Research Organization
(ISRO). Therefore, PRL is known as the “cradle of
space science” in India. Further, the research in the
area of Plasma Physics expanded to the formation of the Institute of Plasma Research (IPR).

As an institution PRL is unique in that it conducts fundamental research in a wide range of
research areas from the Earth to the cosmos, and comprising Astronomy and Astrophysics; Solar
Physics; Space and Atmospheric Sciences; Theoretical Physics; Geosciences; Atomic, Molecular
and Optical Physics, Astrochemistry; and Planetary Sciences and Space Exploration. PRL is one of
the rare research institutes of international repute wherein research in such diverse fields of sci-
ences is carried out using several state-of-the-art experimental facilities that exist under one um-
brella.

Along with the ongoing research, several new initiatives have been taken up during the last
few years. The Multi-Application Solar Telescope (MAST) at Udaipur Solar Observatory has been
operationalized. PRL initiated scientific programmes in frontier areas of research, which include a
search for exo-planets, laboratory studies of interstellar grains, laboratory synthesis of cold astro-
molecules and experimental studies in the field of quantum optics. PRL is also developing several
scientific payloads as a part of ISRO’s larger vision and contributing to roadmap for competitive
scientific exploration of the solar system and beyond. In particular, PRL has been contributing sig-
nificantly not only in building instruments for space missions, such as Chandrayaan-1, Chan-
drayaan-2, AstroSat and upcoming Aditya-L1, Chandrayaan-3 and planetary and space missions,
but also by bringing out new and insightful science results.

PRL contributes to several national and international research programmes and to human
resource development through its Doctoral and Post-Doctoral Programmes, capacity building
programmes, such as UN Course on Space Science, and science and engineering internship
programmes. PRL contributes significantly to society through its Outreach Programmes by
periodically organizing science exhibitions and Open Houses, planned visits of students of various
school and college to PRL, and popular talks at various institutions to not only share the excite-
ments of the advancements of contemporary scientific findings but also to encourage students to
take up sciences as their research career.
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