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Surface-area-to-volume ratio (SA:V) calculations:

All SA:V calculations are based off the average dimensions of the ZrP structures obtained
through TEM/STEM.

a-ZrP:

Average diameter = 120 nm; side length = 60 nm; average height = 14 nm

V357

~ =9353 nm?
Surface Area (assuming a regular hexagon structure) = 3

\3s?

Volume=3 2 *h=1.31%105nm?

SA:V=0.071

ZrP,oqs:

Average length = 760 nm

Average diameter = 25 nm

Surface area (assuming a cylinder structure) = 2rh+27r? = 6062 nm?
Volume = nir*h = 3.73*10° nm?

SA:V=0.16

ZxP ypes:

Average side length = 175 nm

Surface area (assuming a perfect cube) = 6s? = 1.84*105 nm?
Volume = 5.36*10° nm?

SA:V =0.034

ZrPgpherest

Average radius = 765 nm

Surface area (assuming a perfect sphere) = 7.35*10° nm?
Volume = 1.88*10° nm?

SA:V =0.0039
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Figure S1. Experimentally determined XRPD pattern of a-ZrP and ICSD entry 1281.
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Figure S2. Experimentally determined XRPD pattern of ZrP,.4s and ICSD entry 1281.
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Figure S3. Experimentally determined XRPD pattern of ZrP s and ICSD entry 1946943.
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Figure S4. XRPD patterns of a-ZrP, Ni/ZrP hexagonat, and Co/ ZrPg hexagonal-
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Figure S5. XRPD patterns of ZrP 45, Ni/ZrP 4, and Co/ZrP,q.
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Figure S6. XRPD patterns of ZrP ypes (1°-Z1P), Ni/Z1rP ype, and Co/ZrPype.
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Figure S7. XRPD patterns of ZrPgyneres, N1/Z1Pgpheres, and Co/ZrPgphere.
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Figure S8. EDS spectrum of ZrP,;.
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Figure S9. TEM/STEM micrographs of cobalt-modified ZrP 5. Scale bar: 0.5 pm, 200 nm, and
10 nm; respectively.
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Figure S10. SEM micrographs of (a) a-ZrP, (b) ZrPoqs, (C) ZrPeypes, and (d) ZrPgyperes. Scale bar:
0.5 um, 1 pm, 1 pm, and 10 pm; respectively.
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Figure S12. EDS spectrum of ZrPyperes.
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Figure S13. EDS spectrum of ZrP ..
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Figure S14. Linear sweep voltammograms of ZrP.s, and both metal-modified ZrP,. catalysts.
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Figure S15. Linear sweeps voltammograms of ZrP,.qs, and both metal-modified ZrP,4 catalysts.
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Figure S16. Linear sweeps voltammograms of ZrPgpees, and both metal-modified ZrPghere
catalysts.
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Figure S17. Conductivity vs metal loading for Co and Ni/ZrP catalysts.

Co2p Ni 2p
"  Spheres ‘ L
‘_l‘S‘p:fris.‘}.,,‘_‘;.',,‘;’-i -;."-n\:'ll_'\“',-‘_ M ‘.u'n"[-‘.% Y ..,-:‘.‘.r|,.‘r“y. ‘,f.‘ll"‘_.xﬂ,‘_\ i .‘;“- I “ “-. -':‘l_‘;‘: | G ‘ ,‘:' i
-] b ;
. Cubes ™ .
© o i M ‘ “-“'\‘('Wf 'I*AW“*.H,J\M\.‘\‘. " © Cubes ‘ L
S T el T T L — e el bt ol AR A
=" v f. = [ “wﬂu'-w’*w“d "y Iy 1""“” i\ ‘L/ !
2 |Rrods M, 2 | ke
) LT P i ' 4‘"{- i A ods
-lq—'J , !.',"\‘,‘|'|J|v.|=h‘:\“v"r‘_“(“iM"!P ll"' r I\I'}‘.':l‘ J.“Lw’ W lh‘ ﬂlm “.ﬂll 8 ﬁ. \I‘J‘ o |‘ b A . Il \“ f” -'-'h‘\"‘-,“ g “"---‘" fLR i
e ' . < T PP e r.,“‘p\-..“ AT Iy
Ay
Adsorbed " w‘w \ Adsorbed |
™ wﬂ R \ e M iy,
M L YR ol Wp’ by W Wt ‘””\" (ks YUl
I T I T I T I T T T T I T I
810 800 790 780 770 890 880 870 860 850

Binding Energy (eV)

Binding Energy (eV)

Figure S18. XPS spectra for A) Co-modified ZrP catalysts and B) Ni-modified ZrP catalysts.



Table S1. Mass activity (at n = 350 mV) and Tafel slope comparison for metal-modified ZrP
catalysts and selected state-of-the-art OER catalysts in alkaline electrolyte.!

Catalyst Mass activity @ n =350 mV Tafel Slopes (mV/dec)
(A/g)

Co/ZxP 4 hexagonal 115 79
Co/ZrP,oq 4 79
Co/ZrP upe 72 82
Co/ZrPgphere 56 86
Ni/ZrP ashexagonal 50 132
Ni/ZrP,oq 85 127
Ni/ZrP ype 91 134
Ni/ ZrPsphere 272 67
IrO, 257 47
CO304 30 49
NiFeO,H, 633 42
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