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Motivation: Hydrogenation of Graphene 3/13

Graphene has low
weight and high
surface area — ideal
for chemisorption

N

Hydrogenation creates

sp® type defects

Possible hydrogen
adsorption through
electron irradiation

/

[ Layer of water can form from hydration or exposure
to air
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Irradiation breaks bonds, possibly
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{ Knowledge Gap: Reduced Graphene Oxide 4/13 }
[ Graphene Oxide ] [ Reduc‘i;jxﬁ;:phene ] / \ / \

Functional groups on

rGO — more versatility Lack of low-energy
for different forms of irradiation of rGO
storage
Goal: apply group’s
rGO powder can be previous findings on
produced from bulk irradiation of graphene
graphite — lower to more industrially
production costs, more relevant rGO
scalable

OH
Oxygen-containing .
. Less functional groups
functional groups create .
3 from reduction
sp” defects




Raman Spectroscopy
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Raman Spectroscopy

characterizes bonds by showing
the energy loss of light

Useful for characterizing
graphene and its derivatives
due to how properties depend
on bonds

Gives peaks that can be

Raman Spectra of Defected Graphene
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Raman Metrics in rGO

Raman Shift (cm™)

Raman Shift (cm™)

[

A. King, et al. “A New Raman Metric for the Characterisation of Graphene oxide and its Derivatives”, Scientific Reports (2015)
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G Peak: Always present in
graphene samples
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D Peak and D’ Peak:
Defect-activated

0

Because of extreme defect
density (even with rGO), D’

blends with G to form observed

single peak Gapp
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Sample Preparation and Irradiation
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Results: Raman Spectra
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Results: D' - G 8/13

app
/ \ D’ - Gapp for Irradiated and Non-Irradiated Samples
Difference 5
between peak 5
centers is denoted 2
by D - Gapp E 1 2 3 4 5 6 v 8
Point (Blue = Non-irradiated, Red = Irradiated)
Shown to increase
with increasing / D’ -G shown to increase after irradiation: \
reduction / . app . . . .
Indicates that irradiation remove functional
removal of .
) groups from the lattice
functional groups
on rGO ' . '
Consistent with previously observed C-O bond

K / K scission caused by irradiation /




Results: ID/ID, and AD/AD, 9/13 }
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heights is denoted
by ID/ID,

Indicates defect
type - high values
correlate with
adsorbed
molecules, lower
values correlate
with vacancies or
edges

/ \ ID/ID’ for Irradiated and Non-Irradiated Samples
Ratio between peak

AD/AD’ for Irradiated and Non-Irradiated Samples
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4 Increases in ID/ID, and AD/AD,\
due to irradiation: irradiation

also results in the addition of

Corroborated by

k area ratio AD/AD, /

new adsorbates bonded to
\_ the lattice
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{ Conclusions 10/13 }

/Contradiction: irradiation causes removal of functional\

groups, but overall addition of new atoms bonded to
the lattice

Proposition: Irradiation results in the removal of
functional groups, but addition of new type of
adsorbate: most likely hydrogen atoms due to splitting

\ of water /




Implications and Future Work 11/13

4 N

Demonstrates plausible irradiation-induced
hydrogenation of reduced graphene oxide

Promising for rGO’s viability as a low-cost,
efficient method of industrial hydrogen
storage

“ /

-

Y

Limited by Raman Spectroscopy being
unable to directly confirm elemental

identity

Presence of hydrogen can be confirmed
through annealing studies combined with

\

thermogravimetric analysis or mass

spectrometry to confirm identity
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