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Table S1. Spin contamination errors (SCEs) in the total energies of the calculated models.

Model SCE [eV]
Model A; Fig. 2(a) 0.198
Model B; Fig. 2(b) 0.188
Model C; Fig. 2(c) 0.181
Model D; Fig. 2(d) 0.175
Model E; Fig. 2(e) 0.179
Model A’; Fig. 10(a,b) 0.199
Model B’; Fig. 10(c,d) 0.192
Model C’; Fig. 10(e,f) 0.184
Model D’; Fig. 10(g,h) 0.072
Model E’; Fig. 10(i,}) 0.147
Benzyne; Fig. 4(a) 0.209

Table S2. E4is values with (Egis, ap) and without (Egis, orr) Spin contamination error correction

Model Egis, ap [MeV] Egis, orr [meV]
Model A; Fig. 2(a) 2 1
Model B; Fig. 2(b) 5 9
Model C; Fig. 2(c) -3 4
Model D; Fig. 2(d) -1 4
Model E; Fig. 2(e) -1 12

Table S3. Local magnetic moment (up [e7]) of atoms in benzyne in models without surfaces

Atoms? Model A Model B Model C Model D Model E
C1 0.037 0.035 0.036 0.036 0.035
Cc2 -0.035 -0.035 -0.036 -0.036 -0.035
Cc3 0.442 0.440 0.440 0.440 0.439
ca -0.037 —0.035 -0.036 -0.036 -0.035
C5 0.036 0.035 0.036 0.036 0.035
cé6 —0.442 —0.440 -0.440 -0.440 -0.439
H1 —0.008 —0.008 -0.008 -0.008 -0.008
H2 0.008 0.008 0.008 0.008 0.008
H3 0.008 0.008 0.008 0.008 0.008
H4 —0.008 —0.008 -0.008 -0.008 -0.008

a Atom labelling is given in Fig. 4(a), and C3 and C6 atoms are main spin sites.

Table S4. Local magnetic moments (ug [e7]) of atoms in benzyne models with surfaces

Atoms? Model A Model B Model C Model D Model E
Cl 0.035 0.035 0.035 0.032 0.032
Cc2 —0.036 -0.027 —0.033 -0.032 —-0.031
Cc3 0.437 0.425 0.416 0.387 0.406
c4 —0.035 -0.027 -0.034 -0.031 —0.032
C5 0.036 0.035 0.033 0.032 0.031
Cé6 —0.438 -0.405 -0.417 -0.415 —0.408
H1 —0.008 —0.005 -0.007 -0.007 -0.007
H2 0.007 0.009 0.007 0.007 0.007
H3 0.008 0.009 0.007 0.007 0.007
H4 —0.007 —0.005 —0.007 —0.007 —0.007

a Atom labelling is given in Fig. 4(a), and C3 and C6 atoms are main spin sites
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Table S5. Local magnetic moments (g [e7]) of atoms in models of MgO or SrO with benzyne adsorptions

Atoms? Model A Model B Model C Model D Model E
Al 0.000 0.000 0.000 0.002 0.000
A2 0.000 0.000 0.000 0.000 0.000
A3 0.000 0.000 0.000 0.000 0.000
Ad 0.000 0.000 0.000 0.000 0.000
A5 0.000 0.000 0.000 0.000 0.000
A6 0.000 0.000 0.000 0.000 0.000
A7 0.000 0.000 0.000 0.000 0.000
A8 0.000 0.000 0.000 0.000 0.000
A9 0.000 0.000 0.000 0.000 0.000
A10 0.000 0.000 0.000 0.000 0.000
All 0.000 0.000 0.001 0.000 0.000
Al12 0.000 0.000 0.000 0.002 0.002
Al3 0.000 0.000 0.000 0.000 0.000
Al4 0.000 0.000 0.000 0.000 0.000
A15 0.000 0.000 -0.001 0.000 -0.002
Al6 0.000 0.000 0.000 0.000 0.000
Al7 0.000 0.000 0.000 0.009 0.000
A18 0.000 0.000 0.000 0.000 0.000
A19 0.000 0.000 0.000 0.000 0.000
A20 0.000 0.000 0.000 0.000 0.000
A21 0.000 0.000 0.000 0.000 0.000
A22 0.000 0.000 0.000 0.000 0.000
A23 0.000 0.000 0.000 0.000 0.000
A24 0.000 -0.003 0.000 0.000 0.000
A25 0.000 0.000 0.000 -0.003 0.000
A26 0.000 0.001 0.000 0.001 0.000
A27 0.000 0.001 0.014 0.001 0.000
A28 0.000 0.000 0.015 0.035 0.061
A29 0.000 0.001 0.000 0.001 -0.001
A30 0.000 0.000 -0.012 -0.003 0.000
A31 0.000 0.000 -0.015 0.000 -0.054
A32 0.000 0.001 0.000 0.001 0.000
01 0.000 0.000 0.000 0.000 0.000
02 0.000 0.000 0.000 0.000 0.000
03 0.000 0.000 0.000 0.000 0.000
04 0.000 0.000 0.000 0.000 0.000
05 0.000 0.000 0.000 0.000 0.000
06 0.000 0.000 0.000 0.000 0.000
o7 0.000 0.000 0.000 0.000 0.000
08 0.000 0.000 0.000 0.000 0.000
09 0.000 0.000 0.000 0.000 0.000
010 0.000 0.000 0.000 0.000 0.000
011 0.000 0.000 0.000 0.000 0.000
012 0.000 0.000 0.000 0.000 0.000
013 0.000 0.000 0.000 0.000 0.000
014 0.000 0.000 0.000 0.000 0.000
015 0.000 0.000 0.000 0.000 0.000
016 0.000 0.000 0.000 0.000 0.000
017 0.000 0.000 0.000 0.000 0.000
018 0.000 -0.002 0.000 0.000 0.000
019 0.000 -0.002 0.000 0.000 0.000
020 0.000 0.000 0.000 0.001 0.002
021 0.001 -0.002 0.000 0.000 0.000
022 0.000 0.000 0.000 0.000 0.000
023 0.000 0.000 0.000 0.000 -0.002
024 0.000 -0.002 0.000 0.000 0.000
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025 0.014 0.000 0.001 0.002 0.000
026 0.000 0.001 0.000 0.000 0.001
027 -0.010 0.000 0.000 0.000 0.000
028 0.000 0.000 -0.001 0.000 -0.001
029 0.000 0.001 0.000 0.000 0.000
030 0.000 0.000 0.000 0.000 0.000
031 0.000 0.001 0.000 0.000 0.000
032 0.000 -0.097 0.000 0.000 0.000

a A1-A32 are Mg or Sr atoms, and 01-064 are O atoms.
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Figure S1. The plotted diradical character (y) against distances (a) dci-c, (b) dci-cs, (¢) dci-ca, (d) dci-cs, and (e) dci-cs, Where dag refers to the
distance between atoms A and B, and indices for C atoms are shown in the main text (Fig. 4(a)).
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Figure S2. The plotted diradical character (y) against distances (a) dca-c3, (b) dca-ca, (¢) dca-cs, and (d) dca-ce, Wwhere dag refers to the distance
between atoms A and B, and indices for C atoms are shown in the main text (Fig. 4(a)).
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Figure S3. The plotted diradical character (y) against distances (a) dcs-ca, (b) dcs-cs, (€) dcs-cs, (d) dca-cs, () dca-cs, and (f) dcs.cs, where dag
refers to the distance between atoms A and B atoms, and indices for C atoms are shown in the main text (Fig. 4(a)).

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

J. Name., 2013, 00, 1-3 | 7



Please do not adjust margins

ARTICLE Journal Name
(a) (b)

48 48

475 . 47.5 ®
— 47 — 47
=~ 46.5 =~ 46.5
46 46

[ ] [ ]
455 455

1.07 1.08 1.09 1.1 1.11 1.12 107 1.08 1.09 1.1 1.11 1.12
derpm [A] derm [A]
(©) (d)

48 48

47.5 Y 47.5 .

S . S .

[ ] [ ]
=~ 465 ™ 46.5
46 46

[ ] [ ]
455 455

107 108 1.09 1.1 111 112
dCS—H4 [A]

107 108 1.09 1.1 1.11 1.12
dC4—H3 [A]

Figure S4. The plotted diradical character (y) against distances (a) dci-n1, (b) dca-n2, () dea-ns, and (d) dcs-na, Where dag refers to the distance
between atoms A and B atoms, and indices for C atoms are shown in the main text (Fig. 4(a)).
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Figure S5. The plotted diradical character (y) against angles (a) Acs.c1-c2, (b) Aci-ca-c3, () Aca-caca, (d) Acscacs, (€) Acacscs, and (f) Acs.ce-ca,
where Aagc refers to the angle between atoms ABC (around atom B), and indices for C atoms are shown in the main text (Fig. 4(a)).
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Figure S6. The plotted diradical character (y) against dihedral angles (a) Dcs-c1-c2-c3, (b) Dci-c2-c3-ca, (€) Dca-c3-ca-cs, (d) Dcs-ca-cs-cs, (€) Dca-cs-ce-c1,
and (f) Dcs.ce-c1-c2, Where Dag.c.o refers to the angles between planes ABC and BCD, and indices for C atoms are shown in the main text (Fig.
4(a)).
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Figure S7. The dependence of the diradical character on the distance between atoms C3 and C6 when the optimised p-benzyne is
systematically distorted (the distortion is shown in the left panel). The explanation for this index is provided in the main text (Fig. 4(a)).

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 11

Please do not adjust margins



Please do not adjust margins

ARTICLE Journal Name

50%
= 1.784x - 3.8605
48% Y * .

44% .

42%

40%
238 239 24 241 242 243 244
dCZ—C4 [A]

Figure S8. The dependence of the diradical character on the distance between atoms C2 and C4 atoms when the optimised p-benzyne is
systematically distorted (the distortion is shown in the left panel). The explanation for this index is provided in the main text (Fig. 4(a)).
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Figure S9. The dependence of the diradical character on the distance between atoms (a) C1 and C4 and (b) C2 and C5 when the optimised
p-benzyne is systematically distorted (the distortion is shown in Fig. S8). The explanation for this index is provided in the main text (Fig.
4(a)).
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Figure S10. The dependences of the number of valence electrons of C3 and C6 in the Model D on the k-points sampling (ng x ni x 1).
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