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Since their commercialization in the 1980s, inductively coupled ST Electrode
plasma mass spectrometers (ICP-MS) have demonstrated U 4 — e nelerenee
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detection limits in the range of ng/L. This is of particular interest — vews [, ?
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of electrocatalysts and the associated changes BEGE 10 . on . z et e =
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Schematic of on-line ICP-MS Schematic of EC/ICP-MS coupling

#2% Platinum catalyst

The comblnatlon of EC and ICP-MS has unveiled the intrinsic correlation between Pt dissolution and electrochemical potential, revealing that Pt dissolves in two distinct phases .
anodic dissolution occurs during the formation of surface oxides, and cathodic dissolution occurs during their reduction (via the so-called “place-exchange” process, where Pt and
oxygen atoms swap places at high electrode potential). As Pt?* ions are released into the solution, the residence time in the thin-film electrode used for the online EC/ICP-MS becomes
a crucial parameter. When high potential sweep rates are used, the released Pt?* species may be redeposited, leading to apparently low Pt dissolution. The same is true for the thin-
film electrode : thick catalyst layers result in high residence time and, when combined with a high potential sweep rate, low apparent Pt dissolution.
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> Dissolution of Pt occurs in two phases : direct dissolution of Pt (anodic region) and > By studying the dissolution of Pt with an increasing potential, we show 2 different » Upon increasing the Pt loading in the thin-film
reduction of Pt oxides (cathodic region). phenomena ; a cathodic reaction taking place in volume upper 1,2V (place- electrode, ECSA increases but apparent Pt
exchange) and a reaction limited to the surface (reduction of oxides). being dissolved decreases due to redeposition
» Cathodic dissolution predominates as the upper potential limit increases. of Ptz* ions in the thin-film electrode.
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Platinum-nickel nanoparticles supported onto high surface area carbon are used to On-line EC/ICP-MS coupling used for understanding of
electrocatalyze the sluggish oxygen reduction reaction (ORR) in proton-exchange membrane Pd/C catalysts stability during electrochemical cycling.
fuel cells (PEMFC) cathode. PINI/C octahedra or truncated octahedra with specifically Two phenomena have been identified : _
oriented facets and well-controlled atomic composition are currently perceived as the most . Direct Pd dissolution at E > 0.7 V vs. RHE (similar to © *
promising next-generation ORR electrocatalysts. However, on-line EC/ICP-MS results show what was observed with Pt/C). '
that Pt and Ni dissolution rates are morphology-dependent. This study has also showed that
long AST are needed for steady state dissolution and catalyst’s lifetime prediction. * Subtle Pd losses at E < -0.05 V vs. RHE, only
corresponding to the HER reaction. o 0 o o
Step1l Step 2 Step 3 Step 4 Step 5 E (Vvs RHE)
100 CV 3CV AST 100 CV 3CV 0.2 - < 2
500 mV s 5mV st 3s-3s square 500 mV.s*t 5mV st - 0.8 - 038
1.4 . ) I ] I ' ! ' I ' I ' I ' ] ) I ) I ' F 6.0 _ I . 1.5 e o7
21'2_ 1 = . :—0.6 :—0.6
= 1.0 - 1 2 -1.0 > _ Fos F05 W
T 0.8 7 1 3 T g 04 £ & 04 & & Z
) 0.6 " 1 c:z - 0.5 Du:) ? 03 :>J) % 03 E ? 3
e g 5 ) 02 e
LIJ 02 _- _OO __0'1 -_0.1
0.0 ' T ' T ' T ' I ' I ' I ' T ' T ' I ' : et . ] 0.0 '_0.0 0.0 - '_O-O
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 2000 | 2500 | | | | | : 01 IIIIIIII - 01
Step1 Step 2 _Step 3’ ) Step 4 Step 5 Time (S) 800 1000 1200. 1400 1600 1800 4000 4200 4400 4600 .4800 5000 5200 5400 5600 7800 8000 8200 8400 .8600 8800 9000 9200 9400
Fast CV x100 —» SlowCVx3 —> _ AST _—» FastCVx100 —> SlowCVx3 time(s) time(s) time(s)
"""" > Anodic sweep - Pt and Ni » Pdlosses in HER » Anodic dissolution of » The higher the upper
g dissolution are simultaneous. conditions. Diﬁerent Pd at high potential potential limit, the_higher
E > Cathodic sweep - Pt fr_om cat_hodlc Pd the P_d concentration in
£ dissolution precedes Ni dissolution solution.
‘% dissolution.
oot e | | | » Ptand Ni dissolution profiles
) Sponge PINIC | are Timilar stL all PtNi/C Our hypothesis are being confirmed with Pd nanoparticles of different sizes.
* - - t t , . . . .
Ea Sphere PYC gi;ﬁjrgnps%fnge)_m The high noise level of the ICP signal at these potentials suggests the
Z E ’ .
25 M\Qf\q and Ni dissolution detachment of Pd from the high surface area carbon support or
o £ - - . .
8 10° mechanisms are independent detachment of the thin-film electrode
7z ! of morphology.
0 I1(|)OI2(I)0I3(|)0I4(|)0. 0 | 5(|)0 | 10|00 | 0 I1OI00 I20I00 I30|00 IO I1(|)0.2(|)0I3(|)0.4EJOI 0 | 5(I)0 | 10|00 | 12 08 1.2 - 08
Time (s) Time (s) Time (s) Time (s) Time (s) | 4nm = Pd/C e | 14 nm = Pd/C i
1.0 - 0.7 1.0 H - 0.7
e Very low dissolution during AST ! 06 . 0
&=y compared to CV (effect of 0.8 " 08 "
£2F upper potential limit). 3 ) S
22 o Almost 2 orders of magnitude =06 0ty o0 R
2 = between Pt and Ni dissolution = oo w e Bale
s during step 1 and 4. N 02 o 02
= = "0 Effect of the sweep rate linked 02+ 01 02+ 01
£2E to Pt redeposition (High Ni L an 0.0 | SRR | 0.0
s é dissolution at high sweep rate). 0.0{“J —— — MMV W] 00 ety
n % — N| diSSOIUtion |eSS pronounced 0 2000 40:0 ( ) 6000 8000 0 2000 40(;0 ( ) 6000 8000

after AST (steady state).

» Larger Pd nanoparticles are more stable at both high (less undercoordinated
sites) and low (more sluggish HER kinetics) potentials.

» The high noise level of the ICP signal at these potentials suggests the detachment
of Pd rather than dissolution.

» P1tNi ratio evolves from 3 to 3,6 (30 % of Ni atoms
removed by acid leaching)

» Amount of Pt dissolved not impacted and less Ni
dissolution (ex situ acid leaching mitigates but does
not prevent the electrochemical dissolution of Ni)
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