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Overview

J Multidisciplinary research with focus on
applications involving:

Continuum

1) Energy harvesting

2) Desalination Theoretical models

3) Biological sensing Coarse-grained

(J Frontera allows us to perform complex

) Data science
calculations on:

1) Nanomaterials (VASP) Molecular
Dynamics

2) Angstrofluidics/Nanofluidics
(NAMD/LAMMPS) Machine Learning

3) Coupling scales (VASP) Quantum

Chemistry
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Mechanically deformed graphene-based structures

Biological detection
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(J DNA detection is important for disease [ Dirac point shift can be obtained from the change in carrier

van der Zande, Nam, Aluru & Bashir.
—0.95 : Nature Communication, 11 (1), 1-11 (2020).
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(1 DFT and GW simulations showed a significant bandgap change
in case of the crumpled graphene.

( As change in the bandgap the Dirac shift increases.
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O Crumpled graphene was able to detect very low
concentration of interleukin-6 (IL-6) and COVID-19 related

proteins.
PBS 40zM 400 zM 4 aM
0 —= o 4 A

Dirac point shift (A VD)
=]

IL-6 in 1 x PBS

400 aM

40 fM 4 pM 400 pM 40 nM
o -

~1 | ]
| |

—i3

Dirac point shift (A VD)
&

=8 Crumpled

PBS 100zM 1aM 10aM 100 aM 1M

#—No probe Flat

10fM 100fM 1pM 10pM 100 pM 1nM 10 nM 100 nM

COVID-19 S-protein
In 0.1xPBS

T T T T

v 4 4 5 T 1 T T
L 1 1 L

Proteins %

COVID-19 viral proteins

N-protein S-protein

—8=—Spike protein (positive) PCT

(negative)

Conc. (M)

Conc. (M)

 Strong coupling between mechanical strain and electronics.

- =CI
+ + COVID-19 RNA
— + = Screening Factor

Distance from graphene (A)

30% Crumpling

- =CI
+ + COVID-19 RNA
— - = Screening Factor

Distance from graphene (A)

Screening factor

Screening factor

Conc. (M)

Conc. (M)

10% Crumpling

- —cr
-+ COVID-19 RNA

Na* -

— - = Screening Factor| J

50% Crumpling

VN

Na* k
- =CI

-+ COVID-19 RNA
— - = Screening Factor| J

Distance from graphene (&)

Screening factor

Screening factor



Water on functionalized graphene
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[ The interactions between water and graphene are crucial in  Experimentally the wetting contact angle of water on graphene
various applications. shows inconsistency.
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d Computational work is limited to the presence of accurate [ Then fit the obtained vdW energies to Lennard-Jones potentials:

nonbonding interaction parameters.
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[ Using Young’s equation, we extrapolate the macro-droplet contact
angle (equivalent to experimental angle):
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U The computed interfacial density and friction factor follow the
contact angle trend (ALCR > gHGR > gGR),

O A slip length of 138.3, 49.2, and 25.7 nm is observed on the

interface of FGR, HGR, and GR, respectively.
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(J The obtained surface energies support the computed
wetting behavior using MD.

16 (] Finally, the electrostatic potential profile shows graphene
has largest negative energy (attractions) compared to the
other surfaces.
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J Our simulations focus on investigating multiscale and multi-physics problems in nanotechnology
applications.

J We developed a crumpled graphene biosensor which is about 10,000 times more sensitive than prior
biosensors and extended the technology to detect COVID-19.

J We investigated the coupling between mechanics and electronics in the crumpled graphene.

(J We developed accurate force field parameters to describe the interactions between water and
functionalized graphene.

J Our developed parameters show that chemical modification makes graphene more hydrophobic
(058 > 65°R > 63R).
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