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Abstract The metal-support interactions can induce the charge transfer between the metal and the support,
changing the catalytic performance of the catalyst, which is the key to design an efficient and durable electrocatalyst
to promote the electrocatalytic reaction. In this work, the ultrafine Pt nanoparticles were anchored on the surface of
MOF (Pt-Ve-MOF) by ascorbic acid assisted treatment. Due to the strong interfacial interaction of Pt-Ve-MOF,
MOF-support can donate electrons to Pt, contributing to abundant catalytic active sites to effectively promote
hydrogen evolution reaction. The electron-enriched Pt exhibits a low overpotential of 17, 45 and 32 mV at 10

mA/cm’ in acidic, alkaline and neutral electrolytes, respectively, which was superior to commercial Pt/C catalysts.
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This work can provide ideas for the design of high efficiency catalyst with supported nanometric metal cluster.
Keywords pH-Universal; Metal-support interaction; Electronic effect; Ultrafine Pt nanoparticles; Hydrogen

evolution reaction
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Fig.1 Diagram of the synthesis process of Pt-Vc-MOF(A), SEM image(B), TEM images(C, D), HRTEM
image(E) and EDS elemental mappings of C(F), Ni(G), O(H) and Pt(I) of Pt-Vc-MOF
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Fig.2 C,(A), O,(B), Ni,,(C) and Pt,(D) XPS spectra of MOF, Pt-MOF and Pt-Vc-MOF
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JEW A LA ZIE AT . AHHZ T, PMOF 53] 10 mA/em® 75 2 83 LA 64 mV, TR PeAg 51 A 22k
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ZJ AT AR RS T A R A B Ak HER 364k, [RIAS, Prt Ni-MOF St i kb il 5 A BAE ik — 38 7+ T
Pt-Ve-MOF ARG T . R THF5E & U AE A0 F Al 24 sl 012 AREEINE Y LSV #4305 15 2 Tafel £}
K. M 3(B)A[ W, Pt-Ve-MOF H Tafel £} 4 28. 6 mV/dec, {&F Pt-MOF(53. 7 mV/dec) F1 Pt/C(29. 9
mV/dec) , BiHATE Pt-Ve-MOF B I % A= () HER JZ W 381G Volmer-Tafel L], f5c/IN) Tafel £HR W&

10

@) 0.07+®), . © A
0 006 - pyyjoF . O oF
E " LE 0.05 b—Pt-Vc-MOF 5371 mV/ae — PLVe-MOF
& S| = oo L9 mVI&ee a Sl R, CPE
£ 50 s | £ oot N
= T % ot 28.6 mV/dee
2 .
0.01 -
—100 1 1 0 1 1 |
0.4 -0.2 0 05 1.0 13 14
E/N(vs. RHE) lg[j/(mA-cm2)]
-200
7 4 30 mV
o0 #=30m >
i 3 L =50 mv g 30 ~
< I
s £ 400 5
E o2 g E
g R § -s00 <
2 o
S —600
0 “ 7] L L 1 I —40 1 1 1 1 1
Pt/C Pt-Vc-MOF 0 2000 4000 6000 8000 0 2 4 6 8 10 12
Time/s Time/h
(G) 1120 ~
& £
§ =
@ m £ 80 £
51z 8 E 2 3 3
|3 & & i S 140 g
) 3 = 2 @ S
) 1, ©
&g L= ‘

Fig.3 LSV curves(A), Tafel slope(B), EIS(C) and mass activity(D) of Pt-Vc-MoF and reference samples in
0. 5 mol/L H,SO,, multistep chronopotentiometric curves(E) and stability test(F) of Pt-Vc-MoF, per-
formance comparison of Pt-Vc-MoF and with recently reported catalysts in 0. 5 mol/L H,SO,(G)

Inset of (C): equivalent circuit diagram; inset of (F): TEM image after test.
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Pt-Ve-MOF A Fe L 5 BIMEAL S0 ) 0127 . D0 AHEA PR RE U DR T 4 Pr 44 K 0k 28R Ak A H
TR AR SIS 5R ) T - ARG VE T, xS R R SRR HE T H, i S 0B, W P T HER &%
. AR RAPTIE (EIS) M A AR 5T S IR SN« FAE AL 3l ) 2 1 it % v A - FE e S A 1 () ) e A A 75
HLRH (R,,) , R SR A B 25 i) Nyquist BT CHiHr, RAHVE TR FLBH, CPE A E AR 54 ). 8% , Nyquist
P Hh [ A /)N, 9 I A Ak 7] 9 RS 5K v R0 SR TRT PR A% 3 R 0 B A, nEl 3 (C) o, 7
100 kHz~0. 01 Hz BN, X} Pt-Ve-MOF S HX FUAE S R4 T EISTEE, P-Ve-MOF (242 /0N, 5 BH Ha fap
A B/, XL LSV Fl Tafel A 25 R — 2, HLFEHE T A A SR HERERE . L T AN
P A A BT 0 — AR5 A B E LB 3(D) |, 7E 50 mV i L7 T, Pt-Ve-MOF [ )it & 16 14 4
4.1 Almg,,, & T HAL R PUC BRI PE (1. 53 A/mg,,). HEALFIA R E ML 234 HER HU AL 1Y
HEARIRZ —, R Z AL ST TR R AR e P, St h v 33 25 BE7E 10~90 mA/em? [A] 22 4,
BF, 1E S R X A H AL ER R FEAR [R] H AR e, R Pt-Ve-MOF HA LRt e[ E 3(E) 1. IF HXF
Pt-Ve-MOF #1RHE 0. 5 mol/L H,SO, ¥E W H . 7E 10 mA/em? [l HL I %5 BE R BEAT T K R 1] f1% it ke e ) 3,
[E3(F) . RBGZM BHE L Kk 12 h (9 1E F i s AR I, MERB A B T R, I H W5 1 TEM
MR R, 208 12 h IRIHRE IS , AR ORI B AR LR 3(F) A6 Bl ], 3RB] Pt-Ve-MOF fiE{k
FIHAT RAFEIFEE . tehh, 5 RaE L FIAH L, Pe-Ve-MOF R30S rfE AL iE M [ & 3(G)
T S2MASCHFHFL) 1.

222 B A AT AR R AR R AR D K A B AR T, X R AR TR
BUE SOV AR . AL SEIF T A R, A Y Pr-Ve-MOF FE S 7EB M 214 T 2 80 4 549 HER
mE A EYE . HE4(A) 0L, 5 Pt-MOF (304 mV@10 mA/em?) . MOF (570 mV@10 mA/cm?) £ Pt/C
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Fig. 4 LSV curves(A), Tafel slope(B), EIS(C) and mass activity(D) of Pt-Vc-MoF and reference samples in
1 mol/LL KOH, multistep chronopotentiometric curves(E) and stability test(F) of Pt-Vc-MoF, perfor-
mance comparison of Pt-Vc-MoF with recently reported catalysts in 1 mol/L. KOH(G)

Inset of (C): equivalent circuit diagram.
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(48 mV@10 mA/em®) FH ., P-Ve-MOF (45 mV@10 mA/em®) 30 H 55 25 O B8 HER ERE . 38 52 Tafel £}
RS T A EER B NS 1, R 4(B) A WL, Pi-Ve-MOF f Tafel £} 4 34. 3 mV/dec, fi& T Py/C
(35. 0 mV/dec) F1 Pt-MOF (175. 4 mV/dec). Ny | #t—25 [ i H Ak Rl 1123830, #-47 1 A8 ii bt o
M. B 4(C) IR A EIS S50, AT L, Pt-Ve-MOF Y BHATE BLAR B /N T/ Py C, HAT TP A Bt 1 FL o
R . AL, Pt-Ve-MOF 7E 100 #1200 mV T BTG 43735 51 0. 84 F13. 25 A/mg,,, I T PYC At
I 4(D) . i 240 E B R E PERATSE T Pi-Ve-MOF 7ERSM: HE i P A2 @ vE [ K 4(B) 1. Al
W, , Pt-Ve-MOF fiEAVFILEBPE A AR AR R T i AR M, IR BRI K, REB B i R f
Fpfa g B AR v i B R B 5 2 VEHE . S Ab, i FAE MRS SR E W, Pt-Ve-MOF /b HI7E 12 h 1N
FE U 5 1 LT [ R 4 (F) 1. i — 2231 T Pr-Ve-MOF itk 77 28 11 K A 2 M3 8 XPS Ol
. XPS g E (E1S6, WA HREE B UER] T A=A T Z M B IL TR LA, S PR
Niy,, O,,, G, FlPt, XPS 3% (8 S7, WA HHFE ) Bos 45 55 M TR b B AHDCEE SR L-F-AATH]
WA BT 0 4 Jm AR i, IR IR WA KA, X R E AT e mtEae. Bk, ik
Pt-Ve-MOF 15 i 45 8500 &4 Ak R LA B R . 5 2 HGE M2 U M A E, & i
Pt-Ve-MOF WAEBPE S5 14 T RIB LT MR [ 4(G) Ak S3(WA S FHFEE) 1.

223 PHRFERPENALAENEE TP IUE P-Ve-MOF 47 i 4 pHE N, M T
HAE 1. 0 mol/L PBS I HH A HER FLAEFLPERE (1 S). FI UL, Pt-Ve-MOF 78 H ¥ H i T SR AR50 57
B HER RE. MEIS(A) AL, P-Ve-MOF fi4E 1A 2] 10 mA/em® (3t B4 32 mV (ws. RHE) , B
F P/C (51 mV@10 mA/cm?) . Pt-MOF (386 mV@10 mA/cm?) Fil MOF (688 mV@10 mA/cm?). FLXT 1
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Fig.5 LSV curves(A), Tafel slope(B), EIS(C) and mass activity(D) of Pt-Vc-MoF and reference samples in
1 mol/L. PBS, multistep chronopotentiometric curves(E) and stability test(F) of Pt-Vc-MoF, perfor-
mance comparison of Pt-Vc-MoF with recently reported catalysts in 1 mol/L PBS(G)

Inset of (C): equivalent circuit diagram.
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Fig. 6 LSV curves(A), Tafel slope(B) and EIS(C) of Pt-Vc-MoF and reference samples in alkaline seawater,
performance comparison(D) of Pt-Vc-MoF and recently reported catalysts in alkaline seawater,
multistep chronopotentiometric curves(E) and stability test(F) of Pt-Vc-MoF

Inset of (C): equivalent circuit diagram.
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