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Introduction & Background 2 CoP Film Synthesis and Characterization Discussion & Conclusion

Efficient water splitting requires the use of catalysts to perform the hydrogen Co(NO;),, NaN03> A , <A NaH,PO,, A < Here we have reported the synthesis of nanostructured, high surface area

evolution reaction (HER) at the cathode and the oxygen evolution reaction i g CoP films on several conductive substrates. In summary:

(OER) at the anode. Renewable energy technologies such as electrolyzers, a-Co(OH), / substrate Co,0,/ substrate CoP / substrate

and also reversible fuel cells and solar fuel cells, could benefit from the : : « CoP films were synthesized via an electrodeposition-thermal annealing-
identification of a single catalysts that can perform both the HER and the OER. | | | | | » NS = | | | | | phosphidation process. The resulting films exhibited highly textured
CoP/Ni : P e T & n’ Co 2p _ nanostructured features.

Water electrolysis, or water splitting, consists of two half-reactions: the : ' V7o~ Y "' ' The CoP films performed well as electrocatalysts for the HER, in both acidic
cathodic hydrogen evolution reaction (HER) and the anodic oxygen evolution : : & N =" ' o i 1 (n=0.165-0.183V @ -10 mA cm) and alkaline (n=0.196 — 0.577 V @ -

reaction (OER). W If’l‘ | ‘ 10 mA cm?) electrolyte, and OER in alkaline electrolyte (n =0.34 — 0.71 V
HER  2H,0 + 2e- > H, + 20H- 5 ; ; ; , ;

@ 10 mA cm™).
» All substrates show excellent stability in 0.5 M H,SO, CoP/Au and CoP/Ti
OER 40H- > O, + 2H,0 + 4e
OVERALL 2H,0 > 2H, + O,

CoP Powder : ‘ | S\, g, 1 ! \‘ are additionally stable in 0.1 M KOH.
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i The success of these films augurs for additional development of
805 800 795 790 785 780 775 bifunctional HER-OER electrocatalysts.

Intensity (a.u.)

Both the HER and the OER contribute to the overall efficiency of water
electrolysis. While the thermodynamic potential difference between the HER _; ; ; ; ; ;
and the OER is 1.23 V, high overpotentials are typically required due to Ni (00-004-0850)
inherently slow reaction kinetics as a result of electrical, transport, and 3
electrochemical reaction resistances.!']

Binding Energy (eV)

P 2p

CoP (00-029-0497) :
Platinum group metals are known to be active and generally stable ‘ ‘ | |‘
electrocatalysts, but their high cost and rarity limit their practicality in next- | 20 5'0| " ' o
generation devices. Ru- and Ir-based catalysts are best for catalyzing the Two-Theta (degrees)

OER, while Pt-based catalysts are best for the HER. However, none of these

metals are highly active for both of these reactions. Figure 3 (a) Reaction schematic of electrodeposition-thermal annealing- - ]
phosphidation on Ni, Ti, and Au foil substrates; (b) XRD spectra of CoP/Ni and | | In seawater, the OER presents the additional
Emergent electrocatalysts CoP powder indexed to Ni (PDF #004-0850) and CoP (PDF #029-0497); (c),(d) 135 130 challenge of Cl, evolution at the anode. Thus,

intended to replace expensive SEM images of CoP/Ni; (e) XPS spectra of CoP/Ni, in the Co 2p (top) and P 2p Binding Energy (eV)

platinum group metals are (bottom) regions.
being assessed Dby the

following criteria:

Future Work

In addition to alkaline and acidic media,
seawater electrolysis has gained attention.
Seawater splitting has been shown to be useful
for H, production and capturing carbon.l!
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the development of a catalyst that selectively
evolves O, in seawater is one of the most
pressing obstacles to seawater electrolysis. avg Lol Lo
Catalysts that facilitate the HER in seawater are  E(Wve.RHE)
also of interest.

e overpotential

' bifunctionality CoP Film Electrocatalytic Results Preliminary results indicate that CoP films | Figure 3 Preliminary HER

) mas_s-actlwty : show electrochemical activity for the HER in EEUlE. RI.DV Scans ofoPt el
* stability ' ' ' A [ I o1 n ' ' [ "] ' ' ' ‘ ' seawater. Further study should be completed to (orange triangles), 20% PYC

iti determine the O, evolution selectivity of CoP (black circles), _and_ CoP/Au
As a ftransition metal

. 27 ‘ _ | oaz} SomVdecade” : _ films, their catalytic activity, and their stability for (blue squares) in simulated
ERJ%SiFe)QId:,nd C%Zntigsg abseeg o1 A..!//{"rr""f.‘ the OER and HER in seawater seawater (pH=8.2).
| | < .l . 6 | <

9 mV decade™’

highly active HER catalyst. ' ? CATHODE ol IS oosl
However, its OER activity is not el _ 60 mV decade”
well documented and the first I

and only report of HER-OER | Figure 1 A schematic of an electrolyzer sl | | 004f 32 mvdecade - '
bifunctionality for a cobalt in basic conditions. / w
phosphide was reported only 10 L . | . a0l R i I 1 . 1 _ . 1] J. Ahn and R. Holze, J. Appl. Electrochem., 1992, 22, 1167-1174.

recently.2! 02 045 01 0050 022 021 02 019 -0.18 047 016 0200z 04 06 B 2] Y. Yang, H. Fei, G. Ruan and J. M. Tour, Adv. Mater., 2015, 27, 3175-3180.

| | | E (V vs. RHE) E (V vs. RHE) '°91oU (mA cm™) & (Vvs. RHE) 3] H. D. Willauer, F. DiMascio, D. R. Hardy and F. W. Williams, Ind. Eng. Chem.
Herein we report on the preparation of high surface area, nanostructured , . , . 8 ; 105 “ ' ' ' Res., 2014, 53, 12192-12200.

CoPfilms prepared Using a three-step electrodeposition-thermal annealing: n 1 g 1 o mEg g [4] E. Baniasadi, |. Dincer and G. F. Naterer, Int. J. Hydrogen Energy, 2013, 38
phosphidation process. Films were synthesized on three different substrates 2 .| | ': L AL L 2589-2595. ' T y e ’ » VO
to examine the effect of substrate on electrochemical activity. Electrochemical | f ' 0.95 | -

water splitting was then evaluated under low and high pH conditions using a | ! | - 147 mV decade’ | o] _ ACkn Owledgements
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