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Calculation method: The estimated values of Ru mass activity (A/gru) of all catalysts were calculated from Ru loading
(mggru cm2) and measured current density (mA cm-2) at overpotential (n) = 0.22 V vs. NHE by using this formula: mass
activity = Ru loading/current density. From EDS (table S1), we assume that Ru atoms% is approximately 40% for all
platinum-ruthenium catalysts. Based on that we calculated Ru loading by using this equation= 0.4 x 30 ug = 12 pg. For
pure Ru nanoparticles, the loading is 30 pg.

Table S1. The particle and shell size of platinum-ruthenium nanocrystals extracted from HAADF-STEM images and XRD profiles
by applying the Scherer formula. Also, the average compositional ratio of platinum and ruthenium from EDS analysis in Fig. 1.

Sample Crystallite Size, nm  Shell Size, nm Shell Size, nm Pt, atoms% Ru, atoms%
(XRD) (XRD) (STEM)
(EDS) (EDS)
Pt@RUcyboctahedral 4.6 - 0.7+ 0.2 61+2% 39+ 4%
Pt@Rupendritic 6.2 23 1.8+0.3 63+3% 37+5%
PtRujoy 3.2 - 62 + 4% 38+5%

The particle size was extracted from the XRD pattern of the nanoparticles by fitting Gaussian peak functions to the (111) peak
of PtRu nanoparticles.
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Fig. S1 EDS Spectra of the A) Pt@Rucuboctahedral, B) Pt@Rupendritic and C) PtRuaiey Nanoparticles. D-F) The average size distribution

of all nanoparticles.

It should be noted that carbon, oxygen, silicon and copper signals are coming from the TEM carbon-covered copper grids.
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Fig. S2 The scalable production of Pt@Rucuboctahedral (0.6g in 175 ml toluene).



Fig. S3 High resolution STEM images of the single particle of A) Pt@Rucuboctahedral, B) Pt@RuUpendritic and C) PtRuaiey that were
shown in Fig. 1 The FFT’s were taken from the areas shown in the red boxes. The FFT’s are indexed to the [110] zone axis. The
corresponding lattice spacing are marked by red lines and circles.

Fig. S4 High resolution TEM images of A) Pt cuboctahedra, B) Pt nanoparticle with random shapes (irrgular) and C) Pt polyhedral
shape that were shown in Fig. 5.
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Fig. S5 Time-resolved TEM images of A-D) Pt@Rucuboctahedral, E-H) Pt@Rupendritic and I-L) PtRuaiey Nnanoparticles at 30 seconds, 1

minute, 2.5 minutes and 10 minutes respectively.

Table S2. The average compositional ratio of platinum and ruthenium from EDS analysis in Fig. S6.

Time Sample Pt, atoms% Ru, atoms%

(EDS) (EDS)

Pt@Rucuboctahedral 62+ 2% 38 +5%

30 seconds Pt@R Upendritic 73+ 4% 27 +9%
PtRualioy 89+ 5% 11+ 7%
Pt@Rucuboctanedral 651 3% 35+ 6%

1 minute Pt@R uUpenritic 66+ 3% 34+ 6%
PtRUalioy 67+ 3% 33+ 6%

Pt@Rucuboctahedral 641 3% 36t 6%

2.5 minutes Pt@RUpendritic 661 2% 34+ 4%
PtRUAlloy 71+3% 29+ 6%

Pt@Rucuboctahedral 63+ 3% 37+ 7%

10 minutes Pt@R Upendritic 64 +2% 36+ 5%

PtRUalloy 68 1 3% 32+7%
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Fig. S6 Tafel plots (n vs. log j) for the Pt@Ru core-shell (cuboctahedral and dendritic), PtRu alloy and pure Ru nanocrystals
recorded in a 0.1 M HCIO4 solution.
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Fig. S7 Cyclic voltammograms of A) Pt@Rucuboctahedral, B) Pt@RuUpendritic, C) PtRuaioy D) pure Ru and E) pure Pt nanoparticles in
0.1M HCIO4 soultion at cycles 5,500 and 1000 that were shown in Fig. 7.
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Table S3. The conversion of obtained potentials (V) from vs. NHE to vs. RHE that were shown in table 1 and Fig. 7 A&B.

Sample E vs. NHE (V) E vs. RHE (V) E vs. NHE (V) E vs. RHE (V)
HCIO, HCIO, H:S0, H2S04

Pt@Rucuboctahedral(table 1) 1.31 1.37 1.33 1.39

Pt@ Rupendritic(table 1) 1.33 1.39 1.35 1.41
PtRuaioy(table 1) 1.33 1.39 1.35 1.41
Pure Ru(table 1) 1.35 141 1.36 1.42
Pure Pt(table 1) 1.39 1.45 1.40 1.46
Potential limit(Fig. 7 A&B) 1.45 1.51 - -

Enue Was calculated by using this equation (NHE at pH=0):
Enne= Eng/agai+ 0.059 pH + E°ag/agci (E°ag/aga = 0.197 V)
For conversion of the potential from vs. NHE to vs. RHE, this formula was used: Egue= Enve + 0.059 pH where pH =1
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