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What is the Hydrogen Evolution

Reaction

Process than involves three mechanistic steps in an acidic medium:

O Volmer: proton adsorption
Tafel: Second proton adsorbs

Heyrovsky: molecular hydrogen is formed directly

O Ideally Volmer-Heyrovsky mechanism forms more H, efficiently
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Why Hydrogene

Most of our energy comes from fossil
fuels

O Nonrenewable, finite resource

O Environmentally unfriendly, carbon oxide
pollutants

https://www.carbonbrief.org/two-charts-show-how-fossil-fuels-could-
peak-2020

Small portion of energy comes from

hydrogen gas

O Environmentally friendly, water splitting
process

Currently used for ammonia
production for fertilizers and
hydrocracking for fuels

http://www.agmrc.org/renewable-energy/ethanol/using-the-wind-to-fertilize-corn/



Current HER material

Platinum metal is currently the
state of the art for hydrogen
production by HER

O Catalyzes the reaction efficiently

O Platinum is an expensive, rare
earth metal

O Cannot create sizeable reaction,
unfeasible for industrial
application

https://seekingalpha.com/article/4056144-platinum-historical-
enigma



Alternative to Platinum

There is a need for cheaper and more earth

abundant hydrogen evolution catalysts Crystalline MoS,

One promising class of materials: transition
metal dichalcogenides TMD, i.e. MoS,

O Good electrochemical properties for HER
O More abundant, inexpensive

O However does not yet perform as well as
pl(]ﬂﬂ U m https://www.researchgate.net/post/




Project Goals

Here we attempt to improve the
catalytic activity and shorten the
synthesis of TMD based catalysts

O Coupling ammonium
tetrathiomolybdate(ATM), MoS,
precursor, with support of graphene
oxide (GQO)

Crystalline MoS, vs. amorphous ATM

O Use Intense pulsating light (IPL) for
catalyst preparation to reduce synthesis Synthesizing
time from hours 1o just minutes Graphene Oxide




Marterials and Methods
Svynthesis and Evaluation of ATM-GO catalyst

Creating an ink with catalyst bound to GO for Characterization

Made ink with H,0 and Ethanol and drop casted onto electrode.

Intense Pulse Light on dried material

20 pulses of 17.7 J/cm? of light onto material

A 4

Characterize Catalyst in an electrochemical cell
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Creating an ink

Dry material Ink Material Ready for IPL
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Electrochemical Characterization

Counter
Electrode

Working
Electrode

Nitrogen

Reference
Electrode




Graphene Oxide, a supportfing nanostructure

Graphite: layers of graphene

Sheets conftribute to more
exposed surface area of
catalyst

More area for activity, more
Hydrogen formation

Graphite



How does IPL contribute to better efficiency?

KMnOy, H,0,
Modified Hummer's Method

Graphene oxide
transforms to reduced
graphene oxide

O Better conductivity
fOI’ H ER CH;CH,0H,q)| | (NH,),MoS,

Graphite Graphen_e Oxide

O Reduced normal
synthesis time from
hours to minutes

MoS,-RGO Hybrid Material Graphene Oxide & (NH,),MoS,



Characterizing the best IPL catalyst

Linear Sweep Voltammetry

|
(3]
PR N T T 1

Current Density (mA/cm?)
o

-0.3 -0.25 -0.2 -0.15
Potential (V)



Characterizing the best IPL catalyst
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Characterization of Materials

Linear Sweep Voltammetry
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Characterization of Materials

Tafel Slopes
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In conclusion...

The support of graphene
oxide materials
substantially increased the
catalytic activity of HER

IPL successfully shortened
the synthesis time of the

material and also showed
a slight increase in
catalytic activity W ol

WD: 11,74 mm I VEGAJ TESCAN

View fleld: 60.7 pm Det: S8 20 pm
SEM MAG: 298 kx  Date(midly): 0772017 Conn Center, UofL

SEM imaging of ATM-GO with IPL
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