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Experiments and Methods
1. Materials preparation

The PtM alloy nanoparticle catalysts on carbon are prepared by the solvo-thermal method using the
N,N-dimethylformamide (DMF) as the solvent and reductant. Firstly, 350 mg of carbon black (XC-
72) mixed with 40 mL DMF solution and then ultrasonic dispersion to form homogeneous ink. For
preparing PtM alloy nanoparticles, the precursors of different metals salt are H,PtCls-6H,0,
Fe(NOs),, Co(CH;COO0),, Ni(CH3COQ0), and Cu(CH3;COO),, respectively. A certain amount of
H,PtCls-6H,0 and transition metals salts with 1:1 metal ions mole ratio are simultaneously added
into the carbon black ink and ultrasonic dispersion for 30 min. Later the mixture is transferred into
the Teflon pressure vessel. The reactors are loaded in an oven to heat at 170 °C for 12 h before it is
cooled to room temperature. After that, the mixture is washed several times during filtration,
followed under vacuum drying at 80 °C. Here, we will control the proportion of Pt in the total
catalyst is about 8% (Wt%).

2. Characterization of Catalyst.

The crystal structure of catalysts is investigated by means of powder X-ray diffraction (XRD) using
a D/ max2550V apparatus with a Cu-Ka radiation source (A = 1.5406 A). The surface area of
catalysts is determined by the Brunauer-Emmett-Teller (BET) method using Micromeritics Tristar
3020 SIN 993. The morphology of the catalysts is observed by mean of JEM-2100 transmission
electron microscope (TEM). The compositions of catalysts are determined by Energy dispersive X-
ray (EDX) spectrometer with a TEAMApollo system.

3. DFT Calculations

The first-principles calculations were performed using DFT methodologies implemented in the
Vienna ab-initio simulation package (VASP)" 2. The generalized gradient approximation (GGA)
was used for the exchange—correlation functional in a form suggested by Perdew, Burke, and
Ernzerhof (PBE)* 4, and a cutoff energy of 400 eV was used. Electron—ion interactions were treated
with the projector augmented wave (PAW) method> ¢. Spin-polarized DFT calculations were
applied in this study to obtain the lattice parameters, the total energies, and electronic structures for
pure and doped Pt. The electronic charge analyses were conducted by Bader decomposition of the
charge density.

Pt metals was chosen as the starting model to construct the binary metals of PtM (M = Pt, Fe,
Co, Ni, Cu; mole ratio Pt:M = 1:1), and two Pt atoms in a cubic Pt bulk unit cell was substituted by
two M atom (Fig. 1a). The calculated lattice parameters of PtM were obtained by optimizing the
lattice constants with the fixed Pt lattice symmetry. The most common Pt (111) surface (Fig. 1b)
was built as a slab model. Since our studies were mainly focused on the electronic effect of M on
surface catalytic activity, the (111) surface with 2 x 2 supercell was modeled as periodic slab
containing four layers. The bottom two atom-layers were kept fixed during calculations, while the
other layers were allowed to relax. The force threshold of all the relaxed atoms was set to 0.05 eV/A.
The vacuum height of 12 A between slabs was enough to eliminate the interaction between
neighboring slabs. The Brillouin-zone integration was performed along with a 2 x 2 x 1 Monkhorst-
Pack grid for the different surface slabs.

The adsorption energy (E,4s) was calculated as follows:



Eads =- (Etotal - Esubstrate - Egas—phase adsorbate)
where Eqq, is the calculated total energy of the adsorption system, Egypstate 1S the energy of the clean

substrate and Eggs phase adsorbate 15 the energy of the gas-phase molecule. With these definitions, a
positive value of Eads implies a release of energy or a stable adsorption on the surface.

We also consider the dispersion correction effect on the adsorption of H,, and the dispersion
correction that we main consider is Van der Waals force’. The related calculation method is as
follows: the spin-polarized calculations were carried out with the DFT (PBE) - D3 (BJ) scheme as
implemented in VASP. Default values of the dispersion coefficient (C6) and the vdW radii (RO)

parameters given by Grimme were employed®-°.

4. H,-SCR Reactor

According our previous studies, we use a fuel cell-like reactor to evaluate the H,-SCR performance
of prepared different PtM/C catalysts. The schematic of H,-SCR reactor is shown in Figure S1. The
reactor contains three parts, gas flow field on both sides and catalysts supported on carbon paper
reaction layer in the middle. To prepare the reaction layer, 30 mg catalyst powder is added into 4
mL of isopropyl alcohol and 2 mL of deionized water, and ultrasonic to form homogeneous ink.
After that, the mixture solution is spurt uniformly on both sides of carbon paper (size 5.5 cm X 5.5
cm). The concentration of NO and NO2 was continually measured using a chemiluminescent NO-
NO2-NOx analyzer (Thermo Scientific, Model 42i). The conversion of NO was calculated using

the following equation

DeNO =(CMng1oo%

In

where Cy, and Co, depict the NO concentration in inlet and outlet of the reaction, respectively
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Figure S1. (a) The schematic of fuel cell reactor for H-SCR reaction. The midle is the reaction
layer, where catalysts are supported on carbon paper. (b) The photo of reactor. (c) The photo of
carbon paper supproted by catalyst. The insert is SEM section diagram image of carbon paper.
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Fig S2. EDS spectra of prepared different PtM/C catalysts.



Table S1. The compositions of different PtM/C determined by EDS.

Elements C (at%) O (at%) M (at%) Pt (at%) Pt/M
Pt/C 96.48 3.01 \ 0.51
PtFe/C 95.00 3.95 0.51 0.54 1.06
PtCo/C 95.86 3.19 0.46 0.49 1.07
PtNi/C 96.32 2.87 0.52 0.48 0.92
PtCu/C 95.79 3.13 0.56 0.52 0.93
Table S2. NO conversion comparison of different catalyst.
NO conversion Mass ratio of Pt Relative  activity
Catalysts
(%) (%) (based on Pt/C)
Pt/C 10+3 8 1
PtFe/C 523+4 6.22 6.17
PtCo/C 30.1£5 6.14 3.56
PtNi/C 21.7+4 6.14 11.83
PtCu/C 98.9+1 6.03 2.64
Table S3. BET surface area of prepared different catalysts.
Materials C Pt/C PtFe/C PtCo/C PtNi/C PtCu/C
BET surface area (m?g') 2293 201.4 199.2 213.1 201.1 188.6
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Fig S3. The relationship between BET surface area and NO removal.
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Fig S4. The structures and co-adsorption energies on different activity sites of PtCo(111) surface.

Pt-111-H,-ads2 Pt-Co-111-H,-ads2 Pt-Ni-111-H,-ads1 Pt-Cu-111-H,-ads2 Pt-Fe-111-H,-ads2
E,0:=0.02 eV E,0=-0.20 eV E0=-0.19 eV Eq=-0.41 eV E,0=-0.30 eV

Pt-111-Hy-ads2-vdw  Pt-Co-111-H,-ads2-vdw Pt-Ni-111-H,-ads1 Pt-Cu-111-H,-ads2-vdw  Pt-Fe-111-H,-ads2-vdw
E.=0.10 eV E. =035V Eads=-0.34eV E,=-0.61 ¢V E,,=-0.45 eV

Fig S5. The structures and energies of hydrogen adsorbed on pure Pt and PtM (M=Co, Ni, Cu, Fe)
alloy. Vdw means that the calculation adding the Van der Waals force.
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Fig S6. Relationships between M-H bond length and H, adsorption energy.
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Fig S7. The effect of H, concentration on the catalytic activity of H,-SCR. (a) is the PtNi/C and (b)
is the PtFe/C. As shown in figure, with the increase of H, concentration in the gas flow, both of
the initial temperature of reaction and the temperature of 100% removal will shift towards low

temperature. It implies that the increase of H, concentration not only promoting the reaction

kinetics, also enhancing the H2 adsorption.
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Figure S8. The calculated adsorption energies for NO on various metals'?!13, and the maximum
reaction activity temperature of different metals'. It implies that the strong adsorption of NO will

result in low catalytic activity.

Table S4. The lattice constant of different PtM alloy.

Sample Pt PtFe PtCo PtNi PtCu
DFT 393 a=3.842;c=3.791 a=3.888;c=3.507 a'3=3.794;c=3.574 a=3.878  This work
EXP 3.92 a=3.826 a=3.858 a=3.781 a=3.874  This work

al6=3.866 al®=3.82; al6=3.812; a?2=3.83;

al7=3.859; al6=3.854; a20=3.817 ax=3.873

al8=3.845 a20=3.844 a?1=3.741 a%4=3.89

a’=3.849 a%3=3.80

a%%=3.76

Table S5. The M-N bond length of different Pt alloy.

Sample Pt PtFe PtCo PtNi PtCu
Pt-N (A) 2.077 2.254 2.131 2.127 2.187
MI1-N (A) 2.078 1.928 1.900 1.877 2.003
M2-N (A) 2.078 1.932 1.894 1.875 1.985
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