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S1. XPS deconvolution analysis  

The XPS high-resolution spectra were analyzed using the Avantage software. Before fitting, 

a Shirley background was subtracted from raw data. 

Y 3d region:

The core level Y 3d spectra were fitted using Voigt line shapes. The doublet separation was 

set to 2.1 eV, and the ratio between the components was set to 1.5. The Y 3d5/2 metallic 

contribution was located between 156.0 and 156.1 eV. The Y 3d5/2 oxide contribution, 

however, was proposed at 157.3 eV for PtxY/Cv and at 158.7 eV for PtxY/KB300 and 

PtxY/KB600, according to the corresponding literature, see Table S1. The peak separation 

between the metallic and oxide contributions has been reported to be 2.1 eV. Y2O3 easily 

adsorbs CO2 from the atmosphere, and carbonate species were considered in the model at 

157.1 eV. Table S1 presents the Y 3d peak positions used in the proposed deconvolution 

model of this work.

Table S1. Y 3d peak positions for the chemical species present in PtxY/Cv, PtxY/KB300 and 

PtxY/KB600.

Peak 3d5/2

(eV)
Reference

Y0

155.9
156.0
156.0

1 and references in it
2
3

Y3+

158.7
158.1
156.4 
157.4

1 and references in it
2
3
4

Y3+-carbonate 157.7 3
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Pt 4f region:

For the core level 4f Pt photoemission lines, the Voigt line shape doublets separation was set 

to 3.33 eV, and the ratio between the components was set to 1.33. We have considered the 

metallic state, the Pt2+ (contact with the atmosphere) and Pt4+ (chemical precursor in the 

synthesis) species. Table S2 presents the Pt 4f peak positions used in the proposed 

deconvolution model.

Table S2. Pt 4f peak positions for the chemical species present in PtxY/Cv, PtxY/KB300, PtxY/KB600 

and Pt/C JM.

Peak 4f7/2 

(eV)
Reference

Pt0

71.1
71.2
71.0

5
6
7

Pt2+

72.6
72.7
72.3 

5
6
7

Pt4+ 74.2
73.1
74.2

5
6
7
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S2. Surface electrochemistry and ORR kinetic parameters determination 

Figure S1. Cyclic voltammograms (N2-saturated 0.1 M HClO4 at 20 mV s-1) and RDE polarization 

curves (O2-saturated 0.1 M HClO4 at 20 mV s-1 and 1600 rpm) of (a) PtxY/CV, (b) PtxY/KB300, (c) 

PtxY/KB600 and (d) Pt/C JM. Measurements were performed at BoT and at EoT.



                                                                                            S-5

ECSA determination

The electrochemically active surface area (ECSA) was calculated from the CO-stripping 

method at 20 mV s-1 as previously suggested for Pt-REM alloys.8 After the surface activation, 

the electrode potential was held at 0.1 V vs. RHE and CO was bubbled through the solution 

for 5 min. The gas flow was then switched back to N2 for 20 min to remove the residual CO 

in the solution. Then, three potential cycles were performed between 0.05-1.0 V. Figure S2 

shows an example of the obtained CO-stripping profiles.

Figure S2. CO-stripping profile of 40%wt. Pt/C in 0.1 M HClO4 at 20 mV s-1.

Next, the second cycle of the experiment was used as background and was subtracted from 

the first cycle. The CO oxidation charge was calculated by the integration of the background-

corrected curve from 0.4-1.0 V and its correction for the scan rate9:
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𝑄 =
1
𝜈

1.0

∫
0.4

𝑖 𝑑𝐸 [ = ] 𝜇𝐶                                                       (1)

The platinum surface (SPt) was calculated assuming a theoretical value of Q0 =420 μC cmPt
-2 

for the electro-oxidation of an adsorbed CO monolayer:  

𝑆𝑃𝑡 =
𝑄
𝑄0

[ = ] 𝑐𝑚2
𝑃𝑡                                                            (2)

Finally, the ECSA was derived from the normalization of SPt respect to the Pt loading (LPt): 

𝐸𝐶𝑆𝐴 =
𝑆𝑃𝑡

𝐿𝑃𝑡 ∙ 𝐴𝑔𝑒𝑜
⋅ |106 𝜇𝑔𝑃𝑡

𝑔𝑃𝑡
⋅

𝑚2
𝑃𝑡

104𝑐𝑚2
𝑃𝑡

|[ = ] 𝑚2
𝑃𝑡 𝑔 ―1

𝑃𝑡                        (3)

Where LPt = 20 μgPt cmgeo
-2; Ageo = 0.196 cmgeo

2.

ORR activity determination

The ORR polarization curves were recorded by linear sweep voltammetry, from 0.05 to 1.05 

V vs. RHE at 20 mV s-1 at 1600 rpm. The ohmic drop was determined by electrochemical 

impedance spectroscopy (EIS) and corrected before experiment by the potentiostat:

 𝐸𝑐𝑜𝑟𝑟 = 𝐸 ― 𝑖𝑅 [ = ] 𝑉                                                            (4)

The background scan was recorded in N2-saturated 0.1 M HClO4. Thereafter, the solution 

was saturated with O2 and the polarization curves were carried out under the same conditions. 

Then, the background scan was subtracted from the ORR polarization curve and normalized 

by geometric area (c.f. Figure S9):
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𝑗 =
𝑖𝑂2 ― 𝑖𝑁2

𝐴𝑔𝑒𝑜
[ = ] 𝑚𝐴 𝑐𝑚 ―2

𝑔𝑒𝑜                                              (5)

For practical purposes, the calculation was performed using the ORR current, iT = iO2 – iN2, 

rather than the ORR current density, j, (i.e. no normalization by the geometric area). 

 The diffusion limiting current, id, was obtained at the potential range where the reaction is 

governed by the mass-transport process (i.e. 0.4 V vs. RHE). After that, the kinetic current, 

ik, was calculated though the Koutecky-Levich equation: 

𝑖𝑘 =
𝑖𝑑𝑖𝑓 ⋅ 𝑖𝑇

𝑖𝑑𝑖𝑓 ― 𝑖𝑇
[ = ] 𝑚𝐴                                                    (6)

The ORR specific activity, Is, was calculated from the normalization of ik respect to the Pt 
surface SPt:

𝐼𝑠 =
𝑖𝑘

𝑆𝑃𝑡
[ = ] 𝑚𝐴 𝑐𝑚 ―2

𝑃𝑡                                                   (7)

and the ORR mass activity, Im, was calculated from the normalization of ik respect to the Pt 
loading LPt:

𝐼𝑚 =
𝑖𝑘

𝐿𝑃𝑡 ∙ 𝐴𝑔𝑒𝑜
⋅ |  𝐴

103 𝑚𝐴
⋅

103 𝜇𝑔𝑃𝑡

𝑚𝑔𝑃𝑡 |[ = ] 𝐴 𝑚𝑔 ―1
𝑃𝑡                        (8)

S3. Raman and XPS deconvolution analysis

Raman spectroscopy

The Raman spectra were deconvoluted into five contributions with four Lorentzian peaks for 

the D1, D2, D4 and G bands centered around 1350 cm-1, 1610 cm-1, 1200 cm-1 and 1580 cm-1 

respectively and a Gaussian peak centered around 1520 cm-1 for D3 band. The integrated 
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areas of D1 and G peaks were used to calculate the crystallite size La using the following 

Equation (9)10:

𝐿𝑎 = 2.4 × 10 ―10 × 𝜆4 × (𝐼𝐷

𝐼𝐺) ―1

                                                 (9)

Figure S3. Deconvolution of Raman spectra of carbon supports: KB600 (a), KB300 (b) and 

Cv (c).

XPS

Carbon 1s region
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The spectra were calibrated at 284.6 eV corresponding at the binding energy of C=C. Three 

contributions were used to deconvolute the C spectra at 284.4 eV, 285 eV and 286,1 eV 

corresponding to C=C, C-C and C-O respectively.11

Figure S4. Deconvolution of the carbon 1s region of carbon supports: KB600 (a), KB300 

(b) and Cv (c)
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Table S3. Heteroatom content (%at.) determined by XPS on the surface of the carbon 

supports. The values determined after the PtY/C synthesis are indicated in parentheses. 

Carbon support O (%at.) N (%at.) S (%at.)

CV 3.37 (6.16) 0 (1.78) 0.3 (n/d)

KB300 1.51 (3.64) 0 (2.13) 0.13 (n/d)

KB600 2.60 (3.57) 0 (2.85) 0.56 (n/d)

(n/d) not determined

S4. TEM micrographs 

Figure S5. Representative TEM micrographs of PtxY/Cv electrocatalyst.
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Figure S6. Representative TEM micrographs of PtxY/KB300 electrocatalyst.

Figure S7. Representative TEM micrographs of PtxY/KB600 electrocatalyst.

S5. Current state-of-the-art

Table S4. Comparison of current state-of-the-art nanostructured Pt-Y alloys as ORR 

electrocatalysts. 

Electrocatalyst Synthesis 
method

Particle size 
(nm)

ECSA           
(m2 gPt

-1)
Is                         

(mA cm-2
Pt)

Im                           
(A mg-1

Pt)
Remarks 
on ADT

Ref

PtxY Magnetron 
sputtering

9 24
n.a.*

~ 13.5 
~ 8.5*

3.05
~ 1.09*

9000 cycles 
between 0.6-
1.0 V in O2-
saturated 0.1 

M HClO4

2

PtxY/MC Thermal 
reduction

4 33
n.a.*

1.57
0.90*

0.58
0.29*

10000 cycles 
between 0.6-

1.05 V in 
O2-saturated 

0.1 M 
HClO4

12

PtxY-E/C Laser ablation 
in solution

Trimodal 
distribution (4, 
18 and 48 nm)

86.1
n.a.*

0.562
n.a.*

0.48
n.a.*

n.a. 13

PtxY/C Thermal 
reduction

12.1 21
n.a.*

2.00
n.a.*

0.41
n.a.*

n.a. 14

PtxY/C Thermal 
reduction

12 14
n.a.*

0.74
n.a.*

0.10
n.a.*

n.a. 15

PtxY/C Carbodiimide 
complex route

~ 4.5 ~ 50
n.a.*

~ 1.2
n.a.*

~ 0.60
n.a.*

n.a.
16

PtxY/KB300
Carbodiimide 
complex route

5.2 ± 1.3
12.6 ± 1.7 61.5

53.0*
1.01
0.98*

0.62
0.51*

10000 cycles 
between 0.6-
0.925 V in 

This 
work
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5.9 ± 1.3*
14.1 ± 2.7*

N2-saturated 
0.1 M 
HClO4

* After the accelerated degradation test (ADT).
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