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Nitrate is a Major Water Pollutant

e Human N contribution to
environment: 108 tonnes/yrt"?2

- Largest source: ammonia
fertilizer (> 100 Tg N)

- Makes NO;™ is one of the most
widespread water pollutants.

« Adverse health effects:>*
- Methemoglobinemia
- Ovarian and thyroid cancers

Methemoglobinemia patient (left) |
versus healthy patient (right) [5].
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Electrocatalytic Nitrate Reduction (NO:RR) is a Sustainable
Route for Nitrate Remediation

NO; o + 2H' + 26" = NO,, + H,0)  E°=0.85V
NO5 g + 3H" + 2e” = HNOy + Hy0 E°=0.89 V .
NO;- (a:) +4H* + 3e- = NOy, + 2H,0 E°=0.96V * Can be powered with
NO; (o) + 7H" + 6€” = NH,0H,,) + 2H,0() E°=0.67V renewable electricity
NO5 (g + 9H" + 86~ = NH,",, + 3H,0,, E°=0.82V , .
2Nogf(aq) +10H" + 8e = Nzo(g) +5H,0 E°=112V - _% * Don't need continuous
2NO; () + 12H" + 10e” = Ny, + 6H,0;  E0=1.25V 2 reductant (H,) stream
(@]
Y| ° Many benign or value-added
® @ - | 2 products possible, especially
N, N,O ‘ = % NH3/NH4NO3
@ 3 K3 =8| ° Challenge: need more active,
: HNO selective, and stable
& NH4+ 2

electrocatalysts.
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Objective: Verlfy Whether Pt;Ru Alloy Predlcted Usmg Pure Metal

5
]

Microkinetics is Active Towards NOs;RR

* Previous study of pure metals found
N, O blndlng energies as Dr. Jin-Xun Liu Danielle Richards

thermodynamic descriptors. O Metals|  [0.0Vvs. RHE
A Alloy Cu 'll ||

>
* Pt;Ru alloys predicted to be £ |

promising.[? 5 ' =
* Questions: > | |4-12 %
- Is Pt:Ru more active than Pt? § 18 £
- Can we systematically tune NO:RR ‘E 2
kinetics through alloying? S 1724 —

Z

- Can we use pure metal microkinetics
to predict alloy activity?

[1] Liu, J.-X,, Richards, D., Singh, N. & Goldsmith, B. R. Activity and Selectivity Trends in Electrocatalytic Nitrate Reduction on Transition Metals. ACS Catal. 9, 7052-7064 (2019).
[2] All potentials are relative to the reversible hydrogen electrode (RHE).



Synthesis of Experimental Catalysts

)

centrifuge with H,O

. . - k Washing and
* Five Pt,Ru,/C catalysts synthesized . ) ﬁ o @
using a NaBH. reduction technique: | ©

-

Vulcan XC H,PtClg + RuCl,

Pt1oo/C, PtgoRUw/C, Pt78RU22/C, carbon support + NaBH, Dry overnight

in 80 °C

Pts.RU3,/C, and PtisRus,/C.

* Synthesis created catalyst
crystallites of ~3-6 nm in diameter. 180f = 3.0

« No significant phase or surface 12} S0 =10 0m
segregation observed. = &

. Dr. Zixuan o 8o} ’!N\

» Stable repeated cyclic Wang © N
voltammagrams of prepared 40¢ &\
electrodes suggests stability under oL AN &
electrochemical conditions. o1 2 3 4
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Steady-state Current Density Results

« NOsRR reduction current was

c . 0
normalized to ECSA, calculated using N ey
both Hyppo and Cuyro methods. A
* By both metrics, PtsRu,/C is the g -0} P ,Rug,/C’
most active towards NOsRR at 0.1 V. &l
* Results suggest that Pt:Ru/Cis 2 e
indeed active (~6 times as much as -
Pt/C)at01VaswellasatOV. § 50
* Pt;Ru,/C estimated to be half as 50} 005V vs RHE T u2C

expensive as Rh/C and a third as

. . Bulk Ru Content (at%)
expensive as Pt/C to remediate NOs5~.
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Selectivity Results

* Faradaic efficiency measured using _ _
. . I JAmmonia| __|Nitrite] ] Other Products|
lon chromatography and indophenol 100

blue methods. I i

¥ - 1 = T
« All alloy materials show = 93%
Faradaic efficiency towards NHs.

* PtRu,/C shows reliably high
selectivity towards a single
desirable NO:RR product.
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Computational Modeling of PtiRu, catalysts

* How to control surface

°e_ o 'o.. '0.\.
compositions? Alloy the surface. ;_.‘Ia' 1y

. . . AN g A N
 Computed N, O binding energies E,%‘:.: E%,:.:
using density functional theory. =0 h—8
AN NS

 Computed pure metal volcano plot
for 0.1V vs. RHE.

0o

 Computed NOs* - NO,* + O* barrier. Pt
e Ru
oN
NO;* - NO.* + O* on s-Pt;sRuxs e
q @ q P
o' o® o¢ 'Y 'Y
\_- -\- .F, ” \_Q Q w - -. p -
s-Pt75Ru25 s-Pt75Ru25 s-Pt75Ru25
Initial Transition Final
0.000 eV 0431 eV -1.139 eV
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Alloy Trends Mirror Metal Trends

_35 T T T T T ' T

. s-Pt | | | 0 T T T T T T 35

® P ‘°‘|’2 0.1V vs. RHE | | | 0 °
< s-Ptg,Rug | . . 1 1 —_
(i) —40r o s-Ptg;Ruy; | | 5} o—e 130 q‘E
> @ s-Pt,.Ru,. | -6 / / { ©
5 —4.5F @ SPlsRus | : ~ w0l @ = 125 «
c @ s-Pt,Rug, | T ) ] 3
)] | [ 1-12 w - f—
o © s-Pty;Rug; TR TS o 120 2
£ =5.0F 4 Rn(211) /) /T O 9‘15 I | @
c s Ru(211) 1-18 % = {15 8
2 | oPugdam vy o Gzof | =
8’) // :’;! ,// J _24 ."---_.. 4110 9:’
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We hypothesize that the maximum in activity arises from a shift in the rate-
determining step from nitrate dissociation to another step.

395, 143-154 (2021).
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Conclusions and Implications ¢ ./
2-2‘[)- F’L Ru,; C
* Pt:Ru (PtsRux/C) is active for NOsRR at 0.1 > PlafilC
V vs. RHE (6 times more than Pt/C), and 5| PlsREC
most active of all alloy compositions. 5 | —
* Electrochemically stable, > 93% Faradaic 5_60_0_1”5_ - [ Cus
efficiency towards NHs, and three times Suk Ru Contont (at%0)

cheaper than using Pt/C.

* Pure metal microkinetics rationalize activity
trends of alloys (Pt«Ruy,/C).

* Can potentially accelerate screening for
other performant alloy electrocatalysts.
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