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Figure S1. Calculated structures of absorption on (001) ZnO surface.
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Figure S2. Calculated structures of absorption on (100) ZnO surface.




Figure S3. Calculated structures of absorption on (110) ZnO surface (part A).




46) | [47) '

(48) (C))

., .

(51)

Figure S4. Calculated structures of absorption on (110) ZnO surface (part B).



Figure S5. Calculated structures of absorption on (110) ZnO surface (part C).



Table S1. Calculated parameters for structure on (0 0 1) surface®.

absorbate structure BE  ZHCC ZCCH d(H-C) d(C-C) d(C-H) ds(sgj- .
N N
sub)(A)
Free C,H,  Calc. 180 180 1.086 1.206 1.086
1 -1.06 1189 1.095 1323 1.089 1.420 1.363
2 -0.42  179.2 178.3 1.071 1.206 1.066  2.444 2.427
3 -0.42 1789 178.8  1.067 1.206  1.065 3.632 2.707
4 -0.42 1783 1779  1.068 1205 1.066 2.81 2.718
5 -045 1784 177.5 1.07 1.205  1.068 2.838 2.702
6 -0.30  179.1 179.3 1.069 1.205 1.068 3.014 2.180
7 -0.48 177.6 178.8 1.068 1208 1.067 2.516 2.415
8 -0.59 174.1 176.4  1.093 1.215 1.077  2.051 1.586
9 -0.13 176.3 1.086 1.246 1.081 2.662 1.856
szlz(;zlno 10 -0.60 174.8  3.635 1224 1.069 0.996 0.717
( ) 11 -0.55 178.7  3.633 1.22 1.069 0.987 0.739
12 -0.40 178.6 179.2  1.075 1.207 1.07 2.391 2.693
13 -0.27 1214 3.543 1.34 1.085 1.377 0.167
14 -0.63 1744 1774 1.086 1214 1.072  2.062 1.594
15 -0.49 178.1 179.2  1.073 1.208 1.068 2.731 2.245
16 -0.55 1779 178.7 1.077 1.209 1.07 2.48 1.853
17 -0.57 179.1 1774  1.085 1.211 1.07 2.071 1.698
18 -0.65 1759 177.6  1.088 1.214 1.072 3.173 1.670
19 -0.58 179.1 1774  1.085 1.211 1.07 2.071 1.695

* Parameters: BE, binding energy; £ HCC, the angle of HCC in acetylene; £ HCC,

the angle of CCH in acetylene; d(ads-sub), shortest adsorbate-substrate distance;

d_L (ads-sub), shortest perpendicular height of bent or discomposed acetylene above

the top ZnO surface layer.



Table S2. Calculated parameters for structure on (1 0 0) surface®.

S d(ads- dl(ad
absorbat uct  BE (eV) /HC ~CC d(Ii—C) d((;:C) d(C;‘:H) sub) .
© ure cey mey B BB R GbyA
)
Free  cale. 180 180  1.086 1.206 1.086
CZHZ
1 071 1745 1775 1.120 1216 1.069 2.666  1.335
2 034 1782 1792 1.063 1211 1.069 3.59 2237
3 026 1774 179.1 1.071 1213 1.07  3.403  2.095
4 0.16 1789 1789 1.065 1205 1.067 4.89 4282
5 031 1794 178.8 1.075 1207 1.065 4111 2.172
6 031 177.8 178.5 1.075 1209 1.069 3.968  2.249
7 033 1794 1789 1.084 1208 1.076 2931 2.054
8 0.53 1744 1777 1116 1216 1.07 2673 1.347
9 032 1787 1779 1.071 1209 1.607 2274 2.179
10 -036 1772 1784 1.082 1221 1.065 3.241 1871
11 -030 1757 1783 1.119 1215 1.069 2.817 1319
12 -069 1743 1774 1.119 1216 1.069 238 1338
13 070 1745 177.6 1.118 1216 1.069 2387  1.348
CHyZn 14  -0.69 1789 1797 1.067 1216 1.067 525 4244
Oo(100) 15 -0.32 1713 1772  1.125 1218 1.069 2389 1.313
16  -066 1746 1775 1.119 1216 1.069 2379 1339
17 -046 1794 1762 1.079 1219 1.081 2519  2.007
18 -0.69 1744 1774 1.119 1216 1.069 2378 1336
19  -036 712 712 3166 1221 3.159 2457 1.854
20 -047 726 727 3.047 121 3102 2586  2.040
21 -0.07 179.1 178.1 1.607 1211 1.065 3.076 2333
22 -055 1124 1768 3452 1232 1.073 1 0.740
23 -0.55 177.6 4594 1221 1.076 1 0.714
24 -0.55 1779 1.071 1208 1.066 2306 2.053
25 -0.62 119.8  2.125 1326 1.088 1473 0972
26 -0.19 1772 1783 1.074 1212 1.068 2909 1816
27 028 1728 1776 1.09 1219 1.065 243  1.599
28 -039 1737 1779 1.116 1217 1.069 2388 1359
29 -0.11 1245 113.6 1.091 1351 1.094 1.407 1.198

* Parameters: BE, binding energy; £ HCC, the angle of HCC in acetylene; £ HCC,

the angle of CCH in acetylene; d(ads-sub), shortest adsorbate-substrate distance;



d_L (ads-sub), shortest perpendicular height of bent or discomposed acetylene above

the top ZnO surface layer.



Table S3. Calculated parameters for structure on (1 1 0) structure®.

absorbate structure (E\]?) £HCC  ZCCH d((HA')C) d((CA')C) d((CA')H) ;1?15?((1;:) | L (ads-
) ) ub) (A)
Free Calc. 180 180 1.086 1206 1.086
C,H,
1 -115 1257 1154 1.096 1332  1.092 1432  1.028
2 -1.04 1140  2.134 1429 1.009 1295  -0.135
3 -035 1727 1775  1.099 1214 1.069 1.822  1.285
4 021 1767 1790 1077 1201 1069 299 1775
5 2012 1791 1791  1.069 1207 1.069 347  3.205
6  -015 1797 1789 1.068 1207 1.068 3.647  2.609
7 -0.15 1795 1790 1.068 1207 1.068 3.652  2.619
8 017 1783 1779 1069 1212 1066 2.871  2.651
9 035 1768 1774 1.071 1213 1.071 2569  1.728
10 -036 1775 1784 107 1213 1071 2699  1.544
11 -0.17 1783 1796 1.07 1207 1.068 3.561  2.860
12 =011 1796 1799 1069 1207 107 3.604  3.473
13 -042 1719 1786 1.099 1215 1.07 1833 1293
14 =013 1799 1797 1069 1207 1.069 3.635  3.459
15 =032 1781 179.1 1.069 1211 1.068 258  2.147
16 -0.56 1722 4216 1282 1.083 1216 -1.977
17 -0.18 179.1  1.069 1207 1.067 2.668  1.618
CHyzno 18 -0.67 1772 2108 1225 1.071 0999  0.596
110y 19 -0.68 1715 2.009 1235 1.074 2.068  0.563
20 -0.25 179.6  1.607 1214 1.069 2487  1.846
21 -0.71 1742 2034 123 1072 0999  0.734
2 -0.72 1760 2139 1225 1072 0999  0.482
23 070 1795 5377 1222 1.072 1946  0.485
24 -0.03 1779 3.6 1221 1071 0991  -2.157
25 -0.03 1742 2543 1215 1.067 1296  -0.805
26 -0.09 179.7 6266 1219 1.069 1 22,243
27 -031 178.1 2928 1232 1.066 0991  0.670
28 -031 178.6 6253 1223 1.07 1009 -2.185
29 -0.11 1790 1798 1.068 1206 1.068 3.793  3.391
30 -0.15 1778 1790 1.064 1212 1071 29  2.629
31 -0.17 1780 1797 1.065 1208 1.071 2818  2.677
043 1731 1788  1.093 1215 107 351 1326
33 -0.16 1795 1798 1.075 1207 1.068 2221 2267
34 -0.15 1785 1793 1.071 1208 1.069 3383  2.822
35 -039 1724 1766 1.076 1215 1.069 221 1878
36 -0.02 1367 1793 3486 1222 1.073 0996  -2.090
37 -0.19 1795 1789  1.083 1208 1.063 2.089  4.994



38 -0.50

39 -0.11
40 -0.16
41 -0.21
42 -0.17
43 -0.43
44 -0.16
45 -0.27
46 -0.33
47 -0.18
48 -0.25
CHyzn0 49 -0.25
(110) 50 -0.42
51 -0.36
52 -0.19
53 -0.11
54 -0.07
55 -0.59
56 -0.71
57 -0.09
58 -0.69
59 -1.06
60 -0.17
61 -0.75
62 -0.75
63 -0.50
64 -1.15
65 -0.84
66 -0.31
67 -0.46
68 -0.14
69 -0.30
70 -0.97
71 -0.20
72 -0.31
73 -0.09
74 -1.12
75 -0.28

179.3
178.8
179.3
177.4
175.4
174.7
176.8
173.8
179.2
175.5
178.4
175.6
171.8
177.2
178.3

178.0
123.7
126.1
175.7
174.4
179.1
175.2
125.8
178.1
177.7
178.4
123.5
174.2

176.7
179.6
179.7
179.5
179.3
178.5
178.8
179.0
178.8
178.9
179.3
178.3
177.5
179.6
179.0
115.3
124.0
178.5
177.3
179.4
176.3
114.4
117.0
121.3
175.5
178.2
113.1
118.2
178.9
178.9
179.0
176.9
117.4
179.0
177.4
177.9
112.3
179.4

1.109
1.071
1.077
1.077
1.071
1.096
1.069
1.083
1.069
1.081
1.069
1.071
1.09
1.082
1.071
4.258
4.429
3.862
3.628
3.64
2.122
4.781
3.814
2.136
3.409
1.106
1.097
1.096
1.072
1.099
1.071
1.076
1.097
1.073
1.609
1.069
1.097
1.085

1.217
1.206
1.208
1.208
1.211
1.215
1.209
1.211
1.212
1.21
1.208
1.211
1.216
1.216
1.209
1.358
1.298
1.221
1.227
1.22
1.224
1.428
1.354
1.36
1.224
1.216
1.332
1.331
1.211
1.216
1.207
1.208
1.332
1.21
1.211
1.209
1.333
1.214

1.07
1.073
1.068
1.068
1.066

1.07
1.068
1.069

1.07
1.069
1.069
1.071
1.069
1.017
1.069
1.098
1.087
1.086
1.072
1.070
1.070
1.100
1.101
1.096
1.082

1.07
1.094
1.092
1.070
1.071
1.068
1.068
1.091
1.065

1.07
1.071
1.096
1.070

2.331
3.324
2.05
3.064
3.27
2.408
2477
2.562
2.562
3.151
2.845
2.588
2.435
2.426
2.951
0.99
0.987
0.999
1.006
0.995
1.914
2.084
0.983
2.045
1.014
2.39
1.951
1.412
2.481
3.133
3.342
2.529
1.407
3.009
2.535
3.126
2.950
2.517

1.180
3.075
2.004
2.100
2.271
1.364
2.467
1.617
1.754
2.814
1.665
1.780
1.347
1.559
2.828
0.285
-3.448
0.534
0.585
-2.127
0.450
-0.060
-0.356
-0.293
-2.074
1.164
1.115
1.249
1.713
1.162
3.017
1.665
1.014
2.784
1.802
2.734
1.137
1.449

* Parameters: BE, binding energy; £/ HCC, the angle of HCC in acetylene; ~HCC,

the angle of CCH in acetylene; d(ads-sub), shortest adsorbate-substrate distance;

d_L (ads-sub), shortest perpendicular height of bent or discomposed acetylene above



the top ZnO surface layer.
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Figure S6. The Raman spectra of GCs@T-ZnO prepared at 700 °C.

Figure S7. The TEM images of GC@T-ZnO prepared at 700 °C under different
acetylene flow rates (a) 20 mL/min, (b) 40 mL/min and (c¢) 60 mL/min.



