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Condition | Temperature | Gas flows
1 450°C Ar
2 450°C Ar and CO (2% in Ar)
3 450°C Ar, CO (2% in Ar) and Oz (0.4% in Ar)
4 450°C Ar, CO (2% in Ar) and Oz (1% in Ar)
5 450°C Ar, CO (2% in Ar) and Oz (4% in Ar)
6 450°C Ar and Oz (4% in Ar)
7 450°C Ar
8 450°C Ar and CO (2% in Ar)
9 500°C Ar and CO (2% in Ar)

Supplementary Table 1: Temperature and gas conditions
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Supplementary Figure 1: lllustration of the atomistic configuration of the ¥3{111} coherent twin

boundary (CTB). The atoms are colored according to their coordination numbers.
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Supplementary Figure 2: 111 Pt diffraction patterns measured at 450°C, summed along the
reciprocal space coordinate Qx (Qx being along the x-ray beam). The gas composition is indicated in

the top left corner.
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Supplementary Figure 3: Spatial resolutions obtained by the phase retrieval transfer function (PRTF)
at a cut-off of 1/e for different gas conditions (1, 2, 3, 4, 6, 8 and 9).
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Supplementary Figure 4: Evolution of the estimated reconstructed volume (error bar corresponding
to 10% of the estimated volume) as a function of the gas composition.
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Supplementary Figure 5: 2D slices through the center of the reconstructed modulus of the crystal. The
dotted black contours are guide for the eyes and delimit the shape of the twinned crystal measured at
condition (2): Ar and CO (2%) at 450°C. Tick spacing corresponds to 50 nm.
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Supplementary Figure 6: 2D slices through the center of the reconstructed phase or displacement field
along the [111] direction of the crystal. The dotted black contours are guide for the eyes and delimit the

shape of the twinned crystal measured at condition (2): Ar and CO (2%) at 450°C. Tick spacing

corresponds to 50 nm.
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Vit (J/m?)

XCF 111 511 100
revPBE 1.343 1.618 1.657
revPBE-D3 2.469 2.769
rev-vdW-DF2 1.783 2.223 2.160
LDA (earlier work®) 1.992 (1.98) 2.374 (2.35)
PBE (earlier work®) 1.509 (1.56) 1.806 1.836 (1.88)
PBE-D3P 2.240 2.529 2.513
PBE-D3 2.185 2.515
PBEsol 1.852 (1.85) 2.222 (2.21)
SCAN+rvv10 (earlier work?®) 1.89 2.25
Experiment® 2.49

Supplementary Table 2. Surface energies of different Pt surfaces calculated with a range of XCFs.
revPBE has been chosen due to its accuracy in predicting adsorption energies of molecules on metal
surfaces [1]. ‘D3 refers to the Grimme’'s DFT-D3 van der Waal's correction without damping as

implemented in QE. @ From reference [2]. ® With PBE geometry. ¢ From reference [3, 4].

Supplementary Figure 7: (a) Top view of Pt {511} surface. White and black solid lines show the

primitive and unit cell, respectively. The a’, b’ in-plane unit cell vectors of the unit cell used here
(black lines) are defined as a’=a and b’ = 2b-a, where a and b refer to the primitive cell. The
yellow region shows the {111} step and the rest of the area corresponds to {100} terrace. A1, A2,
B1, B2, B3 and B4 are the distinct CO adsorption sites. The first two correspond to top sites and
latter four correspond to bridge sites. Note that there are two extra adsorption sites H and B
which are hollow and bridge sites on the {111} step.
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v (T /m?)

XCF | 111 511
Coverage — 0.108 0.144 0.108 0.120 0.144
revPBE -0.257 -0.084 -0.694 -0.745 -0.201
revPBE-D3 -0.317  -0.436 -0.636 -0.729 -0.474
rev-vdW-DF2 -0.835 -0.994 -1.013 -1.158 -0.843
LDA -1.827 -2.117 -2.04 -2.319 -2.209
PBE -0.819 -0.700 -1.105 -1.147 -0.791
PBE-D3 -0.630 -0.989 -0.940 -1.035 -0.747
PBEsol -1.259  -1.272 -1.468 -1.619 -1.346

Supplementary Table 3. CO/Pt interfacial energy computed using different choices of the XCF at
varying CO coverages (CO/A?). We note that regardless of the functional choice, the CO/Pt interfacial
energy is always lower for {511} than {111} at high coverages.
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Supplementary Figure 8: CO adsorption energy on {111} and {115} surfaces at different CO coverages
computed using rev-vdW-DF2. The configurations of adsorbed CO on {111} are taken from Ref. [5]. The
nomenclature used to describe CO on {511} is described in Figure S6.
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Supplementary Figure 9: Interfacial energy as a function of CO coverage for different XCFs. The y;9
curves plotted here are shifted by a constant such that the experimental surface energy of {111} is
recovered for Yy} . Specifically, a functional-dependent rigid shift is applied to the values reported in
Table S3. Once the shift is determined for yJff, the same value is used to shift y27f. The data points for
RPBE are recalculated by using results (binding energies and surface energies) from an earlier work

[6].
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Supplementary Figure 10: CO adsorption energy on {111} and {115} surfaces at different CO
coverages computed using revPBE. For {111}, the CO configurations are taken from Ref. [5]. For {511}

the lowest energy ones are taken from calculations shown in Figure S7.



(e) B3 (f) B4
Supplementary Figure 11: lllustration of the CO/Pt{511} configurations computed in this work

corresponding to a coverage of 0.008161 CO/A? (i.e. 0.056 ML) using a 1x3 supercell.
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(i) 1-B4/(1x 1)

Supplementary Figure 12: lllustration of the CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.024482 CO/A? (i.e. 0.166 ML) using 1x2 and 1x1 supercells.
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(a) 1-B1,1-B2,1-B3/(1x 2) (b) 2-B1,1-B3/(1x 2)
Supplementary Figure 13: lllustration of the CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.036724 CO/AZ (i.e. 0.250 ML) using a 1x2 supercell.

(a) 2-B1,2-B3/(1x 2) (b) 1-A2,2-B1,1-B3/(1 x 2)

Supplementary Figure 14: lllustration of the CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.048965 CO/A? (i.e. 0.333 ML) using a 1x2 supercell.

(c) 3-B1,2-B3/(1x 2)

Supplementary Figure 15: lllustration of the CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.060168 CO/A? (i.e. 0.416 ML) using a 1x2 supercell.
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(a) 2-A2,4-B1/(1x 2) (b) 4B1,2-B3/(1x 2)
Supplementary Figure 16: lllustration of the CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.073447 CO/AZ (i.e. 0.500 ML) using a 1x2 supercell.

(a) 1-A2,4-B1,2-B3/(1 x 2) (b) 4B1,3-B3/(1x 2)
Supplementary Figure 17: lllustration of the CO/Pt{511} configurations computed in this work

corresponding to a coverage of 0.085689 CO/A? (i.e. 0.583 ML) using a 1x2 supercell.
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(b) 4-A1,2-A2,2-B3/(1x 2)

(a) 4-A1,4-A2/(1x 2)

(d) 2-A2,4-B1,2-B3/(1x 2)

(c) 2-A1,4-A2,2-B1/(1x 2)

(f) 4B1,4-B3/(1x 2)

(e) 2-A1,2-B1,4-B3/(1x 2)

(h) 4-A2,4-B1/(1x 2)

(9) 4A14B3/(1x2)

(i) 2-A1,2-A2,2-B1,2-B3 (p)/ (1 x 2)

(i) 2-A1,2-A2,2-B1,2-B3 (q)/ (1 x 2)

lllustration of the CO/Pt{511} configurations computed in this work

Supplementary Figure 18:

corresponding to a coverage of 0.097930 CO/A? (i.e. 0.667 ML) using a 1x2 supercell.
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(a) 2-A1,1-A2,2-B1,2-B3,1-B2,1-B4/ (1 x 2)

Supplementary Figure 19: lllustration of the CO/Pt{511} configuration computed in this work
corresponding to a coverage of 0.110171 CO/AZ (i.e. 0.75 ML) using a 1x2 supercell.

(c) 2-A1,1-A2,2-B1,1-B2,2-B3,1-B4,1-H/ (1 x 2) (d) 4-A1,2-A2,2-B2,2-B4(q)/ (1 x 2)
Supplementary Figure 20: lllustration of the CO/Pt{511} configurations computed in this work

corresponding to a coverage of 0.122412 CO/A? (j.e. 0.833 ML) using a 1x2 supercell. Here, B and
H are bridge and hollow sites on {111} step, respectively.
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(a) 4A1,4-A2,3-B/(1x 2) (b) 4B1,4-B2,3-H/(1x 2)

Supplementary Figure 21: lllustration of the two CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.134654 CO/AZ (i.e. 0.917 ML) using a 1x2 supercell. Here, B is bridge
site on {111} step.

(a) 2-A1,2-A2,2-B/(1x 1) (b) 2-B1,2-B2,2-H/(1 x 1)

Supplementary Figure 22: lllustration of the two CO/Pt{511} configurations computed in this work
corresponding to a coverage of 0.146895 CO/A? (i.e. 1 ML coverage) on the unit cell (dashed lines)
described in Figure S1. Here, B and H are bridge and hollow sites on {111} step, respectively.
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Supplementary Figure 23: Gibbs free energy of adsorption computed using revPBE as a function of
the CO chemical potential at 300 K for the a {111} and the b {511} facets. The vertical lines correspond
to 0.02 bar.

Supplementary Figure 24: Mosaic of two-dimensional Laue patterns measured around the 111 Laue
spot of the crystal for different (x, y) positions of the sample (steps of 200 nm in x and y). Three peaks
are observed and are indicated by circles of different colors. The crystal is thus constituted of at least

three grains with an orientation close to [111].
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