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Figure S1: Cartoons of the PtO, nanoparticles. Platinum and oxygen atoms are shown in
gray and red colors, respectively
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Figure S2: Selected lowest-energy configurations at high oxygen coverage exhibiting higher
degree of structural reorganization manifested by averaged Pt-Pt nearest-neighbor distance
(rpe—pt)s > 3 A (see Table 7).
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Figure S3: Dependence of the averaged nearest-neighbor distance between the surface plat-
inum atoms (rp;_p¢)s on the oxygen coverage ©.

Table S1: Structural properties of the computed configurations (see Table S2) for
configuration descriptions: Coverage O (in monolayer, ML), adsorption energy
per O atom E, (in eV), averaged Pt-Pt nearest-neighbor distance for surface
Pt atoms (rp;_p)s (in A), averaged Pt-Pt nearest-neighbor distance for all Pt
atoms (rp,_p;) (in A), averaged Pt-O distance (rp,_o) (in A), averaged Pt-Pt
coordination number (CNp;_p;), averaged Pt-O coordination number (CNp;_o).

# Formula @(ML) Eads <70PtfPt>s <rPtfPt> <74Pt70> <CNPt7Pt> <CNPth>

1 Pty0 0.03 -1.69 2.68 273 2.06 7.4 0.1
2 PtyO,; 0.03 -1.61 2.68 2.73 1.94 7.6 0.1
3 Pty0 0.03 -1.58 2.68 2.73  2.06 7.4 0.1

Pt330; 0.03 -1.27 2.68 273 2.23 7.6 0.1
5 PtysO; 0.03 -1.23 2.71 2.73 1.93 7.6 0.1
6  Pty0, 0.03 -1.03 2.68 2.73 1.77 7.6 0.0
7 PtyO, 0.03 -0.47 2.68 2.73 1.77 7.4 0.0
8  PtyOs 0.19 -1.36 2.67 275  2.25 7.6 0.6
9 PtyOg 0.25 -1.69 2.75 2.71 2.06 6.3 0.6



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
10 PtssOs 0.25 -1.55 2.81 268  2.04 5.9 0.6
11 Pt330q, 0.38 -1.42 2.74 2.75 1.95 7.6 0.6
12 Pt3gOq6 0.50 -1.49 2.82 2.78 2.05 6.3 1.3
13 PtyOyg 0.50 -1.21 9.78 282 207 7.2 1.3
14 Pt330;5 0.56 -1.18 2.84 2.82 2.02 7.6 1.3
15 Pt3gOyy 0.75 -1.26 2.89 2.95 1.99 7.6 1.9
16 Pt33094 0.75 -1.10 2.79 2.80 1.95 7.6 1.3
17 PtssOn 0.75 -0.96 280 276 2.10 6.3 1.9
18 PtysOs 0.94 -1.02 288 295 208 7.6 2.5
19  Pt3g04 0.94 -0.90 2.89 2.88 2.09 7.6 2.5
20 PtssOsg 0.94 -0.28 278 279 1.97 7.6 1.3
21 Ptgg0s4 1.12 -1.06 2.92 2.93 2.00 7.6 2.5
22 PtaysOsg 112 -0.66 288 286  1.95 7.6 1.9
23 PtasOsg 112 -0.37 288 268  1.83 3.8 1.3
24 PtggOyo 1.31 -1.04 2.99 3.00 2.04 7.6 3.2
25 Pt3g04s 1.31 -0.24 2.83 2.83 2.01 7.6 1.9
2% PtysOu 131 0.11 2.91 289  2.09 7.6 2.5
27 Pt3g0ug 1.50 -1.20 3.17 3.06 1.98 6.3 3.2
28 PtysOus 150 -1.19 317 306  1.98 6.3 3.2
20 PtygOus 150 0.01 201 291 219 7.6 3.2
30  PtsgOsy 1.69 -0.90 3.25 3.10 2.07 6.3 3.9
31  Ptsg0sy 1.69 -0.83 3.16 3.05 1.99 6.3 3.2
32 PtyOsy 169 0.20 2.95 204 212 7.6 3.9
33 PtssOgo 188 -0.68 328 298 2.2 5.1 3.8



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
34 PtyOgy 188 -0.53 328 302 201 5.1 3.8
35 Pt3gOgg 2.06 -0.51 3.25 3.07 2.08 6.3 4.6
36 PtssOgq 2.06 -0.26 329 303  2.03 5.1 3.8
37 PtagOgg 2.06 -0.15 326 279 204 3.2 3.8
38  Pty0, 0.02 -1.48 2.70 2.75 1.94 8.9 0.0
39  Pt;04 0.02 -1.47 2.70 2.75 1.93 8.5 0.0
40 Pt790, 0.02 -1.40 2.70 2.75 2.05 8.5 0.0
41  Pt;904 0.02 -1.40 2.70 2.75 2.01 8.9 0.0
42 Pt790, 0.02 -1.34 2.70 2.75 2.05 8.5 0.0
43 Pty90, 0.02 -1.32 2.70 2.75 2.24 8.9 0.1
44 Pt;904 0.02 -1.22 2.70 2.75 2.04 8.4 0.0
45  Pt790, 0.02 -0.92 2.70 2.75 1.77 8.5 0.0
46 Pt;04 0.02 -0.43 2.70 2.75 1.79 8.9 0.0
47 Ptg904 0.02 -0.12 2.70 2.75 1.80 8.5 0.0
18 PtrgOg 0.10 -1.18 270 275 2.5 8.5 0.3
49 PtrOs 0.13 -1.40 272 277 2.04 8.5 0.3
50  Pt;9Og 0.13 -1.33 2.71 2.80 2.00 8.5 0.3
51  PtygOqy 0.23 -1.07 2.71 2.80 2.12 8.9 0.6
52 PtrgOyg 0.27 -1.33 276 277 2.03 7.9 0.6
53 PtagOo, 0.40 -1.40 278 282 201 8.5 0.9
54 Pt79Oqy 0.40 -1.28 2.79 2.79 1.93 8.9 0.6
55 Pt79O09y 0.40 -1.25 2.82 2.82 2.03 8.5 0.9
56 PtygOqy 0.40 -1.18 2.77 2.78 2.17 8.9 0.9
57  Pt790qy 0.40 -1.12 2.80 2.81 2.07 8.5 0.9



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
58  Pt790qy 0.40 -0.91 2.78 2.86 2.02 8.5 0.9
59  Pt79Osp 0.50 -1.15 2.77 2.82 2.10 8.5 1.2
60  Pt;9Os3 0.50 -1.06 2.81 2.81 1.99 8.9 0.9
61  Pt79Os3 0.50 -0.87 2.78 2.86 2.08 8.5 1.2
62 PtroOsy 0.50 -0.28 275 277 1.98 8.5 0.6
63  Pt7903, 0.53 -1.17 2.80 2.81 1.97 8.5 0.9
64  Pt7903, 0.53 -1.09 2.77 2.79 1.99 8.5 0.9
65  PtrgOss 0.53 -1.03 281 2.8  2.03 8.5 1.2
66  Pt7903, 0.53 -0.20 2.79 2.73 1.90 6.4 0.6
67  Pty9Os5 0.63 -1.03 2.86 2.84 1.99 8.5 1.2
68  PtngOss 0.63 -0.86 280 2.8  2.09 8.5 15
69  Pty9Ous 0.80 -1.04 2.93 2.85 2.08 8.2 1.8
70 Pty9Ous 0.80 -1.03 2.85 2.84 2.00 8.9 1.5
71 PtrgOus 0.80 -0.95 283 284 201 8.5 1.5
72 Pty9Oys 0.80 -0.93 2.84 2.88 2.00 8.5 1.5
73 PtngOus 0.80 -0.91 288 291  2.02 8.5 18
74 Pty9Oug 0.80 -0.74 2.81 2.80 1.96 8.5 1.2
75 PtrgOus 0.80 -0.14 2.80 283 214 8.5 1.5
76 Pt79Osy 0.90 -1.11 2.96 2.91 2.06 8.5 2.1
77 PtygOsy 0.90 -1.02 2.89 2.87 2.03 8.5 1.8
78  Pty9Osy 0.90 -0.88 2.89 2.90 2.02 7.9 1.8
79 PtrgOsy 0.90 -0.80 288 292  2.06 8.5 2.1
80  Pt79Os4 0.90 -0.36 2.80 2.79 1.99 8.5 1.2
81  Pt79Os4 0.93 -0.97 2.88 2.86 2.01 8.5 1.8



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
82 PtygOsg 0.93 -0.93 2.98 280 207 8.2 2.1
83  Pt790s6 0.93 -0.79 2.82 2.81 1.98 8.5 1.5
84  Pt;9Os4 0.93 -0.58 2.87 2.77 2.00 5.9 1.8
85  PtrgOgy 1.03 -1.00 2.99 292 2.6 8.2 2.4
86 PtroOg 1.03 -0.98 2.92 280 204 8.5 2.1
87 PtrOry 1.20 -1.22 312 292 1.99 6.7 2.4
88  Pt79Ors 1.20 -1.22 3.12 2.92 1.99 6.7 2.4
89 PtsgOn 1.20 -0.74 2.93 292 202 8.5 2.4
90  Pt79Oyy 1.20 -0.73 2.99 2.92 2.03 8.5 2.1
91 PtrgOny 1.20 -0.73 311 278 201 6.1 2.1
92 PtrgOn 1.20 -0.68 987 287 200 8.5 2.1
93  Pt79Ors 1.20 -0.27 2.88 2.91 2.02 8.5 1.8
94 PtrgOrs 1.30 -0.96 3.11 208  2.00 7.9 2.4
95 PtngOnrs 1.30 -0.76 208 295  2.04 8.5 2.7
96  PtygOrg 1.30 -0.40 2.90 2.79 2.09 6.4 2.4
97 PtsgOso 1.33 -1.11 314 300 201 7.9 2.7
98  Pt79Ogg 1.33 -0.67 3.00 2.93 2.04 8.5 2.4
99 PtngOx 133 -0.67 313 279 2.03 6.1 2.4
100 Pt-gOs0 133 -0.62 2.90 284  1.98 7.0 2.1
101 Pt79Og 1.33 -0.62 2.90 2.84 1.98 7.0 2.1
102 PtgOxg 143 -0.66 302 299 2.9 6.7 3.3
103 PtgOgg 143 -0.37 2.96 283  2.09 6.4 2.7
104 PtrgOog 1.60 -0.62 315 293 2.02 6.7 2.4
105 PtrgOog 1.60 -0.60 332 277 2.02 4.6 3.0
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Table S1: (continued)

11

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
106 PtrgOog 1.60 -0.30 203 292 202 8.5 2.4
107 Pt790192 1.70  -0.49 3.04 2.88 2.07 6.1 3.4
108 PtrgO1o4 173 -0.52 334 279 2.03 1.6 3.3
109 PtngOy04 173 -0.44 3.42 282  1.96 3.9 2.7
110 Pt79O;ag 2.13 -0.12 2.98 2.87 1.96 7.3 1.5
111 Pty0; 0.01 -1.63 2.72 275 1.93 8.9 0.0
112 Pty160, 0.01 -1.49 2.72 2.75 1.95 8.9 0.0
113 Pty0; 0.01 -1.40 2.72 275 2.09 8.9 0.0
114 Pt1160, 0.01 -1.39 2.72 2.75 2.07 8.9 0.0
115 Pt1160; 0.01 -1.33 2.72 2.75 1.94 8.9 0.0
116 Pty160; 0.01 -1.24 2.72 275 2.04 8.9 0.0
117 Pty0, 0.01 -1.23 2.72 276 2.04 8.9 0.0
118 Pt1160; 0.01 -1.01 2.72 2.76 2.02 8.9 0.0
119 Pt,160, 0.01 -0.87 2.72 2.75 1.77 8.9 0.0
120 Pt11604 0.01 -0.56 2.72 2.75 1.78 8.9 0.0
121 Pty0; 0.01 -0.25 271 275 181 8.9 0.0
122 Pty160s 0.10 -1.04 273 279 201 8.9 0.2
123 Pty1601s 0.15 -1.47 2.74 276  1.95 8.9 0.2
124 Pty14040 0.26 -1.07 2.75 277 2.00 8.9 0.4
125 Pty16094 0.31 -1.08 2.75 2.78 2.09 8.9 0.6
126 Pt,16094 0.31 -0.96 2.81 2.81 2.05 8.9 0.6
127 Pt116094 0.31 -0.86 2.73 2.76 2.23 8.5 0.8
128 Pty10s 041 -0.76 277 279 2.08 8.9 0.8
129 Pt;140s 0.46 -1.02 281 279  2.09 8.9 0.8



Table S1: (continued)

12

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
130 Pty140s6 0.46 -1.01 282 281 203 8.9 0.8
131 Pty160u 0.56 -0.94 2.95 2.83 2.05 8.9 1.0
132 Pt116045 0.62 -1.07 2.79 2.80 1.95 8.9 0.8
133 Pty1e0us 0.62 -0.98 2.91 280  2.04 7.4 1.2
134 Pty160us 0.62 -0.97 2.85 285  2.04 8.9 1.2
135 Pty160us 0.62 -0.79 2.94 282 212 8.1 1.2
136 Pt116045 0.62 -0.71 2.85 2.83 2.07 8.9 1.2
137 Pty160s6 0.72 -1.00 2.81 281 197 8.9 1.0
138 Pty16056 0.72 -0.85 2.93 282 204 7.4 1.4
139 Pt1160¢0 0.77 -0.94 2.88 2.86 2.03 8.9 14
140  Pt1160¢0 0.77 -0.87 2.80 2.80 1.96 8.9 1.0
141 Pt116040 0.77 -0.87 2.92 2.86 2.05 8.7 1.4
142 Pty1606s 0.87 -0.88 306 284  1.95 7.7 1.2
143 Pt11607 0.92 -1.25 2.96 2.88 1.97 8.9 1.4
144 Pt11607, 0.92 -1.01 2.95 2.86 2.07 8.1 1.9
145 Pty160s 0.92 -0.80 2.86 284  2.00 8.9 1.4
146 Pt11607, 0.92 -0.73 2.98 2.88 2.08 8.7 1.9
147 Pty160sg 1.03 -1.13 297 288  1.99 8.9 1.7
148 Pty160sg 1.03 -0.85 3.00 284  2.06 7.2 2.1
149  Pt1160z4 1.08 -0.96 3.07 2.94 2.04 8.5 2.1
150 Pty160s 1.08 -0.82 310 2.8  1.98 7.4 1.7
151 Pty160gs 118 -0.88 3.09 208 204 8.9 2.3
152 Pty16006 1.23 -0.96 303 292 201 8.9 2.1
153 Pty1600g 1.23 -0.57 2.90 282 203 7.2 1.7



Table S1: (continued)
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#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
154 PtycOps  1.33 -0.58 309 275 1.96 6.0 1.4
155 Pt1160108 1.38 -0.73 3.28 2.79 1.99 5.4 2.3
156 Pt1160116 149 -0.44 296 286  2.03 7.2 2.1
157 Pty O, 0.01 -1.53 272 277 1.93 9.4 0.0
158  Pt99;0; 0.01 -1.31 2.72 2.77 1.94 9.4 0.0
159 Pty O, 0.01 -1.31 2.72 277 2.06 9.4 0.0
160  Ptyg;04 0.01 -1.22 2.71 2.77 1.95 9.4 0.0
161 Pt99;0, 0.01 -1.18 2.72 2.77 2.10 9.4 0.0
162 Pty O, 0.01 -1.17 272 277 2.05 9.4 0.0
163 Pty O, 0.01 -1.11 2.72 277 2.02 9.4 0.0
164 Pty O, 0.01 -1.08 2.72 277 2.04 9.4 0.0
165 Ptyg;04 0.01 -0.99 2.72 2.77 2.06 9.4 0.0
166 Pt99;0; 0.01 -0.83 2.72 2.77 2.02 9.4 0.0
167  Pt9y;04 0.01 -0.80 2.71 2.77 1.77 9.4 0.0
168 Ptyg;04 0.01 -0.56 2.72 2.77 1.79 9.4 0.0
169  Pt9y;0, 0.01 -0.54 2.71 2.77 1.79 9.4 0.0
170 Pty O; 0.01 -0.07 2.71 277 181 9.4 0.0
171 Pt99;04 0.01 0.15 2.71 2.77 1.81 9.4 0.0
172 Ptyg;Ons 0.20 -1.23 2.76 278  1.94 9.4 0.2
173 Ptyy1094 0.20 -1.02 2.75 2.80 2.02 9.4 0.4
174 Ptyg;Ony 0.20 -0.90 2.75 278 2.5 9.4 0.4
175 Ptgg1O4s 0.39 -1.28 2.81 2.81 2.00 9.4 0.6
176 Ptyy,Ous 0.39 -1.19 281 281 2.6 9.4 0.7
177 Ptgg104s 0.39 -1.08 2.80 2.79 2.02 9.4 0.6



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
178  Pt9g104s 0.39 -1.06 2.79 2.80 1.99 9.4 0.6
179 Ptgy1Oy4s 0.39 -1.04 2.77 2.78 1.95 9.4 0.5
180  Pt9g104s 0.39 -0.99 2.78 2.81 2.04 9.4 0.7
181  Pt9g104s 0.39 -0.90 2.78 2.79 2.07 9.4 0.6
182 Ptyp;Ous 0.39 -0.76 276 280  2.12 9.4 0.7
183 Ptyg;Ono 0.59 -1.04 2.90 283  2.04 8.7 1.1
184  Ptyy104 0.59 -0.98 2.89 2.82 2.03 9.1 1.0
185 Pt9g104 0.59 -0.95 2.87 2.83 2.05 9.3 1.1
186 Pt9g1O7 0.59 -0.93 2.80 2.80 2.00 9.4 0.8
187  Pt9g10q9 0.59 -0.93 2.89 2.82 2.04 9.4 1.0
188  Pt9g107 0.59 -0.92 2.80 2.81 2.00 9.4 0.8
189  Ptyg107, 0.59 -0.91 2.83 2.83 2.01 9.4 1.0
190 Ptyg;Ono 0.59 -0.90 2.85 282 210 9.4 1.1
191 Pt99104 0.59 -0.84 2.90 2.82 2.04 9.2 1.0
192 Ptyg104 0.59 -0.83 2.80 2.79 1.96 9.4 0.7
193 Pt99104 0.59 -0.73 2.90 2.82 2.08 9.0 1.1
194 Pt9g104, 0.59 -0.38 2.79 2.78 1.92 8.7 0.5
195 Ptyg;Oge 0.72 -1.08 2.91 285  2.02 9.4 1.2
196 Ptyg;Ogg 0.79 -1.20 2.94 287  1.98 9.4 1.2
197 Pty91096 0.79 -0.95 2.95 2.88 2.02 9.4 1.3
198 Ptyg;Ogg 0.79 -0.92 2.99 282  1.98 8.7 1.1
199 Ptog;Ogg 0.79 -0.87 202 28 207 9.3 1.4
200 PtgpOgg 0.79 -0.84 2.83 2.81 1.99 9.4 1.1
201 Pty Oog 0.79 -0.79 9.83 282  1.99 9.4 1.1

14



Table S1: (continued)

#  Formula O FEa.s (rpept)s (rpe—pt) (rpi—o) (CNpi_pi) (CNpi_o)
202 Pty Oog 0.79 -0.78 2.90 285  2.09 9.4 1.4
203 Pt9g10gg 0.79 -0.38 2.80 2.79 1.96 9.4 0.7
204 PtygOa0 0.98 -1.11 2.99 287  2.00 9.1 1.6
205  Pty910190 0.98 -1.03 3.00 2.88 2.01 9.2 1.6
206  Pty9,0190 0.98 -0.84 3.05 2.87 2.07 8.8 1.8
207  PtogOra0 0.98 -0.75 2.94 286 1.99 9.4 1.2

15
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Table S3: Averaged Pt-Pt nearest-neighbor distances (rp;_p;) (in A), averaged
Pt-Pt coordination numbers (CNp;_p;), averaged Pt-O nearest-neighbor distances
(rpt—o) and averaged Pt-O coordination numbers (CNp;_¢) calculated for different
model systems.

System (rpe—pi) (CNpip) (rpi-o) (CNpi_o)
Ptag 2.73 7.6 - -
Ptrg 2.75 8.5 - -
Pty 2.75 8.9 - -
Ptogy 277 9.4 - -
fec Pt bulk 2.77 12.0 - -
Pt33076 3.13 2.2 2.01 4.8
Pt79O015s 3.14 1.8 2.01 5.0
Pt1160232 3.11 1.8 2.01 5.1
Pt2010402 3.14 1.8 2.02 5.2
B-PtOy bulk 3.18 2.0 2.03 6.0

Table S4: Formation energies of the Pt nanoparticles and two extended Pt sur-
faces relative to bulk fcc Pt, and the formation energies PtO, nanoparticles
relative to the formation energy of bulk PtO,, each in eV per Pt atom.

System Formation energy
Ptag 1.13
Ptrg 0.84
Pty 0.75
Ptog; 0.58
fcc Pt(100) 0.58
fec Pt(111) 0.40
Pt3507¢ 1.31
Pt790155 1.04
Pt1160232 0.92
Pt9910402 0.81
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Listing S1: Structure of the bulk 5-PtO, (in CIF format) used to create the PtO, nanopar-
ticles

# data source: https://doi.org/10.17188/1189224
data_Pt02

_symmetry_space_group_name_H-M P 1°
_cell_length_a 3.19178800

_cell_length_b 4.55466800

_cell_length_c 4.61138100

_cell_angle_alpha 90.00000000
_cell_angle_beta 90.00000000

_cell_angle_gamma 90.00000000

_symmetry_Int_Tables_number 1
_chemical_formula_structural Pt02
_chemical_formula_sum ’Pt2 04°

_cell_volume 67.03811115
_cell_formula_units_Z 2
loop_
_symmetry_equiv_pos_site_id
_symmetry_equiv_pos_as_xXyz
1 ’X, ¥y, z°
loop_
_atom_site_type_symbol
_atom_site_label
_atom_site_symmetry_multiplicity
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_occupancy
Pt PtO 1 0.00000000 0.00000000 0.00000000 1
Pt Pt1 1 0.50000000 0.50000000 0.50000000 1
0 02 1 0.00000000 0.36239000 0.25916500 1
0 03 1 0.00000000 0.63761000 0.74083500 1
0 04 1 0.50000000 0.13761000 0.75916500 1

0 05 1 0.50000000 0.86239000 0.24083500 1

30



