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I. Additional information for DFT models

Figure S1. The stable configurations of Pd(111), Pd4/TaN(001) and Pd4-SnO2/TaN(001) models.



II. Additional information for ICP-MS results

Table S1. The actual loading amounts and feed amounts of PdxSny-TaN/C and Pd1Sn3/C-m-

alkaline catalysts.

Actual loading amount Feed amount
Materials

Pd(wt%) Sn(wt%) Pd(wt%) Sn(wt%)

Pd1Sn1-TaN/C-m-alkaline 2.95 2.92 3.33 3.71

Pd1Sn3-TaN/C-w-alkaline 3.15 9.89 3.33 11.13

Pd1Sn3-TaN/C-m-alkaline 3.44 10.13 3.33 11.13

Pd1Sn3-TaN/C-s-alkaline 3.24 9.18 3.33 11.13

Pd-TaN/C-m-alkaline 3.43 0 3.33 0

Pd1Sn3/C-m-alkaline 3.13 8.99 3.33 11.13



III. Additional information for TEM fitting

Figure S2.  TEM images of the Pd1Sn1-TaN/C-m-alkaline (a), Pd1Sn3-TaN/C-w-alkaline (b), 
Pd1Sn3-TaN/C-s-alkaline (c), Pd-TaN/C-m-alkaline (d) and Pd1Sn3--m-alkaline (e).



IV. Additional information for XPS fitting

Table S2. XPS elemental analysis of Pd in the PdxSny-TaN/C catalysts.

Atomic percentage
Materials

Pd Pdδ+

Pd1Sn1-TaN/C-m-alkaline 83.98 % 335.36 eV 16.01 % 337.24 eV
Pd1Sn3-TaN/C-w-alkaline 78.51 % 335.42 eV 21.49 % 337.38 eV
Pd1Sn3-TaN/C-m-alkaline 74.81 % 335.19 eV 25.19 % 337.11 eV
Pd1Sn3-TaN/C-s-alkaline 55.14 % 335.64 eV 44.87 % 337.64 eV

Pd-TaN/C-m-alkaline 86.48 % 335.98 eV 13.51 % 337.78 eV
Pd1Sn3/C-m-alkaline 70.54 % 335.29 eV 29.46 % 337.30 eV

Table S3. XPS elemental analysis of Sn in the PdxSny-TaN/C catalysts.

Atomic percentage
Materials

Sn Snδ+

Pd1Sn3-TaN/C-w-alkaline 16.75% 484.52 eV 83.25% 486.73 eV

Pd1Sn1-TaN/C-m-alkaline 27.33% 485.11 eV 72.67% 486.9 eV

Pd1Sn3-TaN/C-m-alkaline 12.37% 484.38 eV 87.63% 486.2 eV

Pd1Sn3-TaN/C-s-alkaline 6.87% 485.11 eV 93.13% 486.75 eV

Table S4. XPS elemental analysis of Ta in the PdxSny-TaN/C catalysts.

Atomic percentage
Materials

O-Ta-O O-Ta-N N-Ta-N

Pd1Sn3-TaN/C-w-alkaline 29.17% 50.59% 26.66 eV 20.24%

Pd1Sn1-TaN/C-m-alkaline 17.95% 63.58% 26.14 eV 18.47%

Pd1Sn3-TaN/C-m-alkaline 32.37% 54.61% 26.39 eV 13.03%

Pd1Sn3-TaN/C-s-alkaline 37.43% 51.91% 25.69 eV 10.67%

Pd-TaN/C-m-alkaline 32.78% 49.07% 25.70 eV 18.15%



V. Additional information for Electrochemical studies (MOR)

Table S5. Comparison of PdSn/TaN-C with previous reported Pd-based catalysts towards MOR in 

alkaline medium.

Materials Electrolyte
Mass 

activity
(A gmetal

-1)

CA test
(s)

Residual 
current

(A gmetal
-1)

ref

PdCuM (M = Ru, 
Rh, Ir)

1 M KOH + 1 M CH3OH 1660.8 3000 < 100 [1]

Pd-PdO PNT 1 M KOH + 1 M CH3OH 1111.3 3600 < 20 [2]

Pd/NL-GCN
0.5 M NaOH + 1 M 

CH3OH
816.5 3000 150 [3]

Pd3Cu1 1 M KOH + 1 M CH3OH 600 3600 < 25 [4]

Pt84Pd16 0.1 M KOH + 1 M CH3OH 999 3000 < 200 [5]

PdCo nanowire 1 M KOH + 1 M CH3OH 1205 2000 < 30 [6]

Pd20-xAgx/CNT 1 M KOH + 0.5 M CH3OH 731 2000 < 220 [7]

PdCu nanocages 0.5 M KOH + 1 M CH3OH 823
6000

(3600)
50

(< 100)
[8]

PdSn 1 M KOH + 1 M CH3OH 1109.1 4000  67.8 [9]

PdPt 1 M KOH + 0.5 M CH3OH 1130 4000 151.7 [10]

PtRu nanowires
0.1 M KOH + 0.5 M 

CH3OH
820 4000 ~200 [11]

Pd/SiO2@RGO 1 M KOH + 1 M CH3OH 1533 1500 308.5 [12]

PtCuPd@PdCu@
Ru

1 M KOH + 2 M CH3OH 2480 6000 < 350 [13]

Pd-CeO2 1 M KOH + 1 M CH3OH 1500 3000 109.4 [14]

Commercial 
PtRu/C

1 M KOH + 1 M CH3OH 260 3000 61.1 [14]

PdSn/TaN-C 1 M KOH + 1 M CH3OH 3293.46 3600 501.0
This 
work



VI. Additional information for EIS fitting

Figure S3. The corresponding bode plots for MOR in alkaline medium.

Table S6. Kinetic parameters of PdxSny-TaN/C, Pd1Sn3/C-m-alkaline and commercial Pd/C 

towards alkaline MOR.

Materials Rs
(Ω)

Rct
(Ω)

Pd1Sn1-TaN/C-m-alkaline 9.9 427.6

Pd1Sn3-TaN/C-w-alkaline 16.7 302.2

Pd1Sn3-TaN/C-m-alkaline 10.6 200.2

Pd1Sn3-TaN/C-s-alkaline 9.97 334.9

Pd-TaN/C-m-alkaline 6.4 477.2

Pd1Sn3/C-m-alkaline 9.6 645.2

Commercial Pd/C 6.5 1690.0



VII. Additional information for in-situ FTIR studies

Figure S4. The in-situ FTIR characterization of PdSn/TaN-C (a,b), Pd/TaN-C (c,d), PdSn/C (e, f) 
and commercial Pd/C (g, h). (the reference spectra are recorded at 1.4 V, where the COad is 
suppressed; the dash lines in Figure S4(b, d, f, h) represent the band at around 1050 cm-1. )



Figure S5. The CO area fit (intensity) of a peak at 0.05V (with the spectrum at 1.4 V as the 
reference) in Figure S4(e) for PdSn/C.

Figure S6. The fitting results of H2O features band on Pd1Sn3-TaN/C-m-alkaline(a), Pd-TaN/C(b), 
Pd1Sn3/C(c) and commercial Pd/C(d) in the range of 3000 to 3800 cm-1.



Figure S7. In-situ FTIR study on the integrated intensities percentage of H2O band fitting results 
on Pd1Sn3-TaN/C-m-alkaline(a), Pd-TaN/C(b), Pd1Sn3/C(c) and commercial Pd/C(d) catalysts.



Figure S8. In-situ FTIR study on the potential dependence of the integrated intensities of H2O 
band fitting results on Pd1Sn3-TaN/C-m-alkaline(a), Pd-TaN/C(b), Pd1Sn3/C(c) and commercial 
Pd/C(d) catalysts.



Table S7. In-situ FTIR fitting analysis of H2O in the PdSn-TaN/C catalysts.

 dangling O-H bond
trihedrally coordinated 

water
tetrahedrally coordinated water

Potentials

(V) Area Fit

(intensity)

Area 

Fit(%)

Area Fit

(intensity)

Area Fit

(%)

Area Fit

(intensity)

Area Fit

(%)

0.05 0.758 33.294 1.317 57.817 0.202 8.889

0.14 0.745 32.945 1.351 59.712 0.166 7.344

0.22 0.727 32.214 1.380 61.167 0.149 6.619

0.30 0.736 32.115 1.420 61.941 0.136 5.944

0.39 0.703 31.294 1.399 62.229 0.146 6.477

0.47 0.758 34.471 1.319 59.974 0.122 5.555

0.56 0.710 35.061 1.189 58.699 0.126 6.240

0.64 0.698 37.395 1.075 57.593 0.094 5.012

0.73 0.733 41.420 0.957 54.063 0.080 4.517

0.81 0.712 42.993 0.885 53.410 0.060 3.597

0.89 0.643 43.770 0.772 52.550 0.054 3.680

0.98 0.543 48.164 0.555 49.226 0.029 2.611

1.06 0.411 50.735 0.379 46.798 0.020 2.467

1.15 0.345 54.510 0.278 43.944 0.010 1.545

1.23 0.308 62.211 0.182 36.720 0.005 1.069

1.32 0.162 60.333 0.093 34.833 0.013 4.835



Table 8. In-situ FTIR fitting analysis of H2O in the Pd-TaN/C catalysts.

 dangling O-H bond
trihedrally coordinated 

water
tetrahedrally coordinated water

Potentials

(V) Area Fit

(intensity)

Area 

Fit(%)

Area Fit

(intensity)

Area Fit

(%)

Area Fit

(intensity)

Area Fit

(%)

0.03 0.308 33.704 0.489 53.448 0.118 12.847

0.12 0.326 32.610 0.582 58.110 0.093 9.280

0.21 0.368 37.599 0.553 56.620 0.057 5.781

0.30 0.367 36.792 0.566 56.832 0.064 6.376

0.39 0.376 38.292 0.543 55.411 0.062 6.297

0.49 0.350 38.541 0.527 58.015 0.031 3.444

0.58 0.358 37.868 0.585 61.999 0.001 0.132

0.67 0.363 43.204 0.452 53.886 0.024 2.910

0.76 0.374 44.697 0.426 50.940 0.036 4.363

0.85 0.353 44.198 0.409 51.320 0.036 4.482

0.94 0.345 49.413 0.319 45.705 0.034 4.882

1.03 0.276 53.662 0.217 42.135 0.022 4.202

1.12 0.267 57.447 0.162 34.743 0.036 7.810

1.21 0.194 59.364 0.106 32.268 0.027 8.368

1.30 0.124 69.410 0.037 20.807 0.017 9.784



Table S9. In-situ FTIR fitting analysis of H2O in the PdSn/C catalysts.

 dangling O-H bond
trihedrally coordinated 

water
tetrahedrally coordinated water

Potentials

(V) Area Fit

(intensity)

Area 

Fit(%)

Area Fit

(intensity)

Area Fit

(%)

Area Fit

(intensity)

Area Fit

(%)

0.05 0.431 32.983 0.775 59.361 0.100 7.655

0.14 0.443 32.756 0.768 56.778 0.142 10.466

0.22 0.452 33.505 0.790 58.555 0.107 7.940

0.30 0.436 32.467 0.813 60.615 0.093 6.918

0.39 0.441 33.945 0.809 62.319 0.048 3.735

0.47 0.476 35.461 0.785 58.484 0.081 6.055

0.56 0.475 37.637 0.730 57.845 0.057 4.518

0.64 0.495 41.861 0.650 54.989 0.037 3.151

0.73 0.472 44.838 0.561 53.262 0.020 1.900

0.81 0.441 45.716 0.514 53.259 0.010 1.024

0.89 0.407 49.458 0.415 50.356 0.002 0.186

0.98 0.396 55.248 0.301 41.964 0.020 2.789

1.06 0.347 60.650 0.225 39.350 0.000 0.000

1.15 0.296 73.094 0.109 26.906 0.000 0.000

1.23 0.213 86.262 0.034 13.738 0.000 0.000



Table S10. In-situ FTIR fitting analysis of H2O in the Pd/C catalysts.

 dangling O-H bond
trihedrally coordinated 

water
tetrahedrally coordinated water

Potentials

(V) Area Fit

(intensity)

Area 

Fit(%)

Area Fit

(intensity)

Area Fit

(%)

Area Fit

(intensity)

Area Fit

(%)

0.05 0.150 9.490 0.720 45.570 0.710 44.940

0.14 0.162 10.279 0.732 46.363 0.685 43.358

0.22 0.190 11.656 0.770 47.115 0.674 41.229

0.30 0.190 11.527 0.831 50.505 0.624 37.969

0.39 0.194 11.402 0.854 50.163 0.655 38.435

0.47 0.223 12.666 0.876 49.756 0.661 37.578

0.56 0.188 11.517 0.832 51.051 0.610 37.432

0.64 0.205 13.217 0.782 50.282 0.567 36.501

0.73 0.193 13.084 0.756 51.150 0.528 35.766

0.81 0.187 12.864 0.736 50.553 0.533 36.583

0.89 0.215 13.586 0.746 47.158 0.621 39.256

0.98 0.138 12.881 0.539 50.341 0.394 36.778

1.06 0.108 14.529 0.375 50.526 0.259 34.945

1.15 0.093 16.867 0.284 51.771 0.172 31.361

1.23 0.064 15.913 0.205 51.127 0.132 32.960

1.30 0.008 4.898 0.062 37.562 0.095 57.540



VIII. Additional information for DFT calculations

Figure S9. The configurations of the initial state, transition state and final state of the reaction 
CO+OH→COOH on the Pd(111) surface

Figure S10. The configurations of the initial state, transition state and final state of the reaction 
CO+OH→COOH on the Pd4/TaN(001) surface

Figure S11. The configurations of the initial state, transition state and final state of the reaction 
CO+OH→COOH on the Pd4-SnO2/TaN(001) surface



IX. Additional information for Electrochemical studies towards TaN/C and FAOR

Figure S12. CV curves of pure TaN/C (a) and Sn/C (b)catalyst in Ar-saturated 1 M CH3OH and 
1M KOH with a sweep rate of 50 mv-1.

Table S11. The catalytic performances of the PdxSny/TaN-C, Pd1Sn3/C-m-alkaline and 
commercial Pd/C for FAOR in acid medium

FAOR
Materials

ECSA
(m2 g-1) Ip(m)/(mA mgPd

-1) Ip(sa)/(mA cmPd
-2)

Pd1Sn3-TaN/C-m-alkaline 203.99 2097.29 1.03
Pd-TaN/C-m-alkaline 119.45 1036.68 0.86
Pd1Sn3/C-m-alkaline 70.18 103.67 0.15

Commercial Pd/C 42.23 215.79 0.51



Table S12. Comparison of PdSn/TaN-C with previous reported Pd-based catalysts towards FAOR 

in acidic medium.

Materials Electrolyte
Mass 

activity
(A gmetal

-1)

CA test
(s)

Residual 
current

(A gmetal
-1)

ref

Pd/NL-GCN
0.5 M NaOH + 1 M 

CH3OH
1310.0 1000 < 50 [3]

Pd-Mo2N/rGO
0.5 M H2SO4 + 0.5 M 

HCOOH
532.7 3600 32.3 [15]

Pd/rGO
0.5 M H2SO4 + 0.5 M 

HCOOH
313.4 3600 6.6 [15]

Pd/VC
0.5 M H2SO4 + 0.5 M 

HCOOH
243.4 3600 2.7 [15]

PdNi 
nanowire/rGO 

0.5 M H2SO4 + 0.5 M 
HCOOH

604.3 2000 13 [16]

PdNiCu/C
0.5 M H2SO4 + 0.5 M 

HCOOH
792 3600 < 10 [17]

PdNi hollow 
nanocrystals 

0.5 M H2SO4 + 0.5 M 
HCOOH

768 3600 0.2 [18]

Pd3Fe/C
0.5 M H2SO4 + 0.5 M 

HCOOH
696.4 3000 < 50 [19]

PtAgCu@PtCu
0.5 M H2SO4 + 0.5 M 

HCOOH
314 3000 < 40 [20]

Pd nanosheets
0.5 M H2SO4 + 0.5 M 

HCOOH
409.3 3000 28.2 [21]

Pd@Ni-B/C 
0.5 M H2SO4 + 0.5 M 

HCOOH
400 4000 < 50 [22]

Pd3Sn2
0.5 M HClO4 + 0.5 M 

HCOOH
448

6000
(3600)

< 5
(< 10)

[23]

Pd
0.5 M HClO4 + 0.5 M 

HCOOH
630 2000 < 30 [24]

PdSn/TaN-C
0.5 M H2SO4 + 0.5 M 

HCOOH
2097.29 3600 60

This 
work



Figure S13. The corresponding bode plots for FAOR in acidic medium.

Table S13. Kinetic parameters of PdxSny-TaN/C, Pd1Sn3/C-m-alkaline and commercial Pd/C 

towards acidic FAOR.

Materials Rs
(Ω)

Rct
(Ω)

Pd1Sn3-TaN/C-m-alkaline 6.8 597.7

Pd-TaN/C-m-alkaline 5.8 1089

Pd1Sn3/C-m-alkaline 8.3 9066

Commercial Pd/C 14.11 1751
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