Computational and Impedimetric Studies on Sub-picomolar Ammonia Sensing Using
Fluorographene

Kiran Kumar Tadi, Tharangattu N. Narayanan

TIFR-Centre for Interdisciplinary Sciences, Tata Institute of Fundamental Research, Hyderabad-500075
E-mail: thnn@tifrh.res.in, chemistkrn@gmail.com

Abstract

Single molecule detection using graphene can be brought by tuning the interactions via specific
dopants. Electrostatic interaction between the most electronegative element fluorine (F) and hydrogen
(H) is one of the strong interactions in hydrogen bonding, and here we report the selective binding of
ammonia/ammonium with F in fluorographene (FG) resulting to a change in the impedance of the
system. Very low limit of detection value of ~ 0.44 pM with linearity over wide range of concentrations (1
pM — 0.1uM) is achieved using the FG based impedance sensor, and this screen printed FG sensor
works in both ionized (ammonium) and un-ionized ammonia sensing platforms. The interaction energies
of FG and NH3/NH4+ are evaluated using density functional theory calculations and the interactions are
mapped. Here FGs with two different amounts of fluorine contents - ~ 5 atomic% (CsgH16F,) and ~ 24
atomic% (CsgH16F1,) - are theoretically and experimentally studied for selective, high sensitive and ultra-
low level detection of ammonia. Fast responding, high sensitive, large area patternable FG based
sensor platform demonstrated here can open new avenues for the development of point-of-care devices

and clinical sensors.
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