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1. The number of isomers for the all kinds of Si/C mixed dodecahedrane analogues

Table S1. The number of isomers for the all kinds of Si/C mixed dodecahedrane analogues 3234

Si/C mixed dodecahedrane analogues

Total of the isomers

CuiSigHao
C12SigHoo
C13Si7Hzo
C1aSigHzo
Ci5SisHao
C16SisHno
C17Si3Hao
CisSizHao
C19SiHao
CaoHao

C10Si1oH2o

CoSi11Hao
CsSinHao
C5Sii13Ha
CeSi1aHao
CsSiisHao
C4Sii6Hao
C5Si17Hz0
CaSiisHao
CSi19Hao
SizoHao

1648 *
1466
1135
693
371
149
58

15
5
1
1

*We got the number of isomers and each arrangement by our original program.

The program consists of the following two steps. First step is the determination of all possible
arrangements with number of Si = C = 10 whose number is 19Cy = 92378 (see Figure S1). The reason
why 19Cy instead of 20Cio is just to reduce a lot of duplicate arrangements in the early stage. Next step
is the elimination processes of more duplicate arrangements from the 92378 original arrangements.
This process involves [1] the application of 120 of I, symmetry operations for a structure of the original
ones, [2] the comparison between the 120 (obtained by [1]) and original arrangements, and [3] the
elimination of the duplicate structures from the original structures. Therefore, the number of the

original arrangements becomes smaller than 92378 at this stage. After repeating the [1] — [3]

elimination processes, we finally got the 1648 different Si/C arrangements.



Picking 9 atoms
from 19 C atoms

Replacing 9 atoms
with Si

Determining 19Cq
=92378 arrangements

Figure S1. The first step of the program




2. The effect of electron correlation on the relative energy

Table S2 shows the relative energy (RE) of the seven isomers (a-g) of the Si/C equally-mixed
dodecahedane analogues collected in Table 1 (text) at several levels of theory and basis sets. As seen
from the table, the REs of the isomers a-e are very similar regardless of the levels of calculations. Only

at the CCSD/cc-pVDZ level 12, isomer e was calculated to be the most stable isomer.

Table S2. The RESs at several levels of theory

Isomer RHF MP2 MP2 CCSD
/6-31G(d) /6-31G(d) /cc-pVDZ /cc-pVDZ
a 0.0 0.0 0.0 0.0
b 0.0 0.1 0.3 0.2
c 0.9 0.8 0.6 0.7
d 0.6 0.9 1.3 1.0
e 0.2 1.1 0.1 2.7
f 137.8 120.5 106.0 101.4
g 76.1 67.7 56.7 47.3




3. The effect of electron correlation on the strain energy

Table S3 shows the strain energy (SE) of the compounds collected in Table 1 (text) at several levels
of theory and basis set. For every compound, the strain energies seem to become small with
considering electron correlation except for dodecahedrane. Among the all levels of calculation,
MP2/6-31G(d) tends to overestimate the effect of electron correlation especially for
persiladodecahedrane but the order of the strain energy of the seven isomers (a-g) does not change

even if the calculational level changes.

Table S3. The strain energies at several levels of theory

RHF MP2 MP2 CCSD
/6-31G(d) /6-31G(d) /cc-pVDZ /ec-pVDZ
a 43.5 30.6 34.0 42.8
b 43.4 30.8 343 43.0
c 443 31.4 34.6 43.5
d 44.0 31.5 35.3 43.8
e 40.4 29.9 343 42.2
f 109.0 81.7 82.1 95.9
g 67.0 50.4 56.2 65.7
CaoHao 43.7 54.1 67.7 68.1
SizoHa0 32.4 58 11.9 23.4




4.The frontier molecular orbitals
The frontier molecular orbitals of the seven isomers displayed in Figure 1 of the text,
dodecahedrane and persiladodecahedrane at the MP2/6-31G(d).
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Figure S10. Persiladodecahedrane
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5. The nine isomers whose HOMO-LUMO gap below the gap of Si2oH2o

There are nine isomers whose HOMO-LUMO gap below that of SixgHzo (10.0 eV, see Figure S10
and Table 2 in main text). These isomers are unique as their properties are outside of the range
determined with dodecahedrane Cy0H» and persiladodecahedrane SizoHzo. The structures of the nine
isomers are shown in the Figure S11 while the other properties in addition to the HOMO-LUMO gap
are collected in Table S4. Also, it is noteworthy that these nine structures are similar for the Si/C

arrangement and whose SE is over that of dodecahedrane (54.1 kcal mol ™).
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Figure S11. The histogram against HOMO-LUMO gap at the MP2/6-31G(d).
The area in pink shows the range which is under the SizoH2¢’s gap (10.0 V).
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Figure S12. The MP2/6-31G(d) optimized structures and polyhedral graphs of the nine isomers whose
HOMO-LUMO gaps below that of SixgHao.

Table S4. The properties of the nine isomers at the MP2/6-31G(d).

isomer HOMO/au. LUMO/a.u. gap / eV SE ~ RE ~

/ kcal mol™! / kcal mol™!
h —0.296 0.071 9.998 59.5 82.5
i —-0.295 0.073 9.995 59.6 87.5
j —-0.278 0.089 9.979 65.9 86.1
k -0.277 0.089 9.955 71.1 99.8
) —0.280 0.086 9.951 66.8 97.5
n —0.282 0.081 9.879 67.0 92.7
m —0.281 0.081 9.860 66.2 91.9
0 —0.281 0.081 9.854 65.9 91.7
f —0.264 0.084 9.458 81.7 120.5
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6. The correlation between the SE and two kinds of indices to evaluate the extent of the

Si/C dispersion in the molecular framework.
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Figure S13. The correlation against SE. (a) Nc.si (b) The sum of Nsur-3 and Nspr-5

16



7. Strain energy (homodesmotic reaction energy)
The detail of ethane analogues coefficients on the left side of equation (1)

Equation (1) is able to be further expanded to the following equation (S.1) after several expression
transformations.

3
C10Si3oH10 + Z Z[nac(3 — a)CyHe + {angc + (3 — b)nys;}CSiHg + bny,g; SizHel
a=0b=0
3

3
= ) ac(CH)a(SiHy)s aCH+ ) 1ysi(CH3), (SiH3)s ,SiH + AF (5.1)
b=0

a=0

In this equation, the isobutane analogues in the right side of equation (1) are divided into two types
and it is apparent that the coefficients, ncc, nesi and nsisi in equation (1) are obtained from n,c and nps;

(n441n equation (1)).

Homodesmotic reaction for the seven isomers in Figure 1.
Homodesmotic reaction for the four isomers (a to d) are the same.

<Isomer-a to d>

= 6 (CH,)(SiH3),CH + 4 (SiH;)sCH + 4 (CH;)5SiH + 6 (CH3),(SiH3)SiH + AE (5.2)

<Isomer-e>

C10SizoHq0 + 5 C,Hg + 20 SiCHg + 5 SiyHg
= 5 (CHs),(SiH3)CH + 5 (SiH3)3CH + 5 (CH3)3SiH + 5 (CH,)(SiH;),SiH + AE (5.3)

<Isomer-f>
C10SijoH19 +10 C,Hg + 10 SiCHg + 10 SiyHg
= 10 (CH;3),(SiH3)CH + 10 (CH3)(SiH3),SiH + AE (5.4)
<Isomer-g>
= 4(CH;3)5;CH + 6 (CH3),(SiH3)CH + 6 (CH3)(SiH3),SiH + 4(SiH3)3SiH + AE (8.5)
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8. The details of multiple regression analysis
Standardization means nondimensionalization process for each variable. For example, standardized

RE ; RE’ is gotten by the follow equation.
RE® = ——— (S.6)

RE is the mean of RE. Sgg is the standard deviation for RE.

In the equation (3) in the text, ady and agg; are standardized regression coefficients for SE and N°c.
si , respectively, and obtained by . the following linear equations derived from simple linear regression
procedures.

s -1
(@)= ) G @
x=SE®,y =NZ_g;,z=RE*®

In the equations, 7y, is the coefficient of correlation for SES and NZ_g; and described in the
equation (S.8), in which s,, is the covariance of both variables while s; and s, are each standard

deviation.

= S (5.8)

T, =
sesy
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