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Five lone pairs (LPs) of Se atoms. (b) Nine CMOs, corresponding to eight

localized two-center two-electron (2c-2e) B-Se bonds and one Se-Se bond. (c) Five
CMOs, corresponding to two 2c-2e B-Se and three three-center two-electron (3c-2e)
B-Se-B bonds. (d) One delocalized 1 CMO. (e) Three delocalized c CMOs.

Figure S6. Plot of the Laplacian of electron density, bond paths and critical points for CB4Ses
(1). The red dashed lines denote the areas of charge concentration (V2p(r) < 0) and
the blue area is vice versa. The brown sticks between the atoms represent bond
paths. The brown and yellow dots are bond and ring critical points, respectively.

Figure S7.  Selected canonical molecular orbitals (CMOs) and energy level diagram of Cay
CBaSes (1) at PBEO/def2-TZVPP level.

Figure S8. Selected canonical molecular orbitals (CMOs) and energy level diagram of CB4Ses
(Cs, 2A") at PBEQ/def2-TZVPP level.

Figure S9.  Nucleus independent chemical shifts (NICSs) for cluster 1. NICS (0) is calculated
at the center of a triangle. NICS (1), shown in red, is calculated at 1 A above the
center of a triangle and above the C center.

Figure S10. Simulated IR spectrum of CB4Ses at the PBEO-D3/def2-TZVPP level.

Figure S11. Optimized structure of CB4Ses[AlI(CHz3)s3]s at the PBEQ/def2-TZVP level.

Cartesian coordinates of optimized structures of top 20 low-lying isomers of CB4Ses.
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Table S1.

The lowest vibrational frequency at eight classical theoretical levels for the

global-minimum structure 1 (Czy, A1) of CB4Ses cluster.

Theoretical level

Lowest vibrational frequency (cm)

1 | PBEO-D3(BJ)/aug-cc-pvtz 13.6
2 | BP86-D3(BJ)/aug-cc-pvtz 12.8
3 | B3LYP-D3(BJ)/aug-cc-pvtz 16.4
4 | TPSS-D3(BJ)/aug-cc-pvtz 9.9

5 | ®B97X-D/aug-cc-pvtz 21.9
6 | M062x/aug-cc-pvtz 12.5
7 | B2PLYP-D3(BJ)/aug-cc-pviz 17.9
8 | MP2/aug-cc-pvtz 15.0
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Table S2.  Orbital composition analysis of canonical molecular orbitals (CMOs) of the

global-minimum structure 1 (Czy, A1) of CB4Ses cluster.

CMO C (%) B4 (%) Ses (%)
sip total s/p total s/p total
0.00/0.00 0.00 0.00/9.69 9.69 0.00/89.69 | 89.69
t
HOMO (a")
3. ; 0.00/29.17 29.17 0.00/0.00 0.00 0.00/69.76 | 69.76
f;si"']
HOMO-1 (a")

a 0.00/4.87 4.87 0.00/4.52 4.52 0.00/89.70 | 89.70

39

HOMO-2 (a")
0.00/5.26 526 | 0.00/16.10 | 16.10 | 0.00/75.86 | 75.86
%>
9
HOMO-3 (a’)
0.00/20.03 20.03 | 0.00/9.38 9.38 | 0.95/65.51 | 66.46
0.00/0.00 000 | 0.00/34.84 | 34.84 | 0.00/64.55 | 64.55

HOMO-5 (a”)
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CMO C (%) B4 (%) Ses (%)
s/p total slp total s/p total
’9/’?, 0.00/12.10 12.10 0.00/20.69 20.69 4.22/61.10 | 65.32
0.00/0.00 0.00 0.00/18.42 18.42 0.00/80.55 | 80.55
HOMO-7 (a")
/" 1.96/0.00 1.96 1.48/6.77 8.25 4.13/83.31 | 87.44
HOMO-8 (a")
0.00/1.87 1.87 12.67/19.96 32.63 8.38/54.80 | 63.18
‘&g -
HOMO-9 (a")
z 3.28/1.55 4.83 10.82/13.25 24.07 | 10.94/57.90 | 68.84
-
HOMO-10 (a)
0.00/3.74 3.74 1.19/20.03 21.22 | 17.41/55.22 | 72.63
")
HOMO-11 (a)
0.00/31.87 31.87 0.00/46.28 46.28 0.00/20.91 | 20.91
HOMO-12 (a")
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CMO C (%) B4 (%) Ses (%)
slp total s/p total slp total
1.56/2.09 3.65 8.99/24.29 33.28 2.74/58.49 | 61.23
HOMO-13 (a")
0.00/0.00 0.00 29.00/17.70 | 46.70 4.83/46.73 | 51.56
HOMO-14 (a")
g 1.19/37.95 39.14 13.38/6.81 20.19 | 20.09/16.04 | 36.13
a .3‘7'
HOMO-15 (a")
"’/’,’ 0.00/42.76 42.76 5.18/12.94 18.12 27.32/8.05 | 35.37
—d
HOMO-16 (a)
/’~ 0.00/0.00 0.00 6.76/13.99 20.75 68.66/5.14 | 73.80
QAP %
HOMO-17 (a')
\ 15.60/0.00 15.60 0.00/25.89 25.89 52.92/0.00 | 52.92
-
HOMO-18 (a')
2.05/0.00 2.05 1.45/32.06 33.51 55.45/0.99 | 56.44
HOMO-19 (a')
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CMO C (%) B4 (%) Ses (%)
slp total s/p total slp total
'/’) 0.00/10.58 10.58 15.62/18.22 33.84 46.68/3.12 | 49.80
>
HOMO-20 (a")
0.00/4.66 4.66 7.24/13.48 20.72 63.60/5.13 | 68.73
aC *l_‘ 5}9
HOMO-21 (a")
25.58/1.36 26.94 33.21/11.20 44.41 18.50/3.95 | 22.45
sz
HOMO-22 (a")
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Figure S1. Optimized structures of C4y CB4Xs (X= 0, S, Se, Te) and C2y CB4Po4 at the
PBEO-D3(BJ)/def2-TZVPP level. The lowest vibrational frequencies are shown.
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Figure S2.  Optimized structures of Cs CB4+Xs (X =0, S, Te, Po) and Coy CB4Ses minima at the
PBEO-D3(BJ)/def2-TZVPP level. The lowest vibrational frequencies are shown.
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Alternative optimized low-lying isomeric structures of CB4Ses cluster at the

Figure S3.
PBEO-D3(BJ)/def2-TZVPP level. Relative energies are listed in kcal mol at the
single-point CCSD(T)/def2-TZVPP//PBEQ-D3(BJ)/def2-TZVPP level, with
zero-point energy (ZPE) corrections at PBE0-D3(BJ).
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Figure S4. Calculated root-mean-square deviations (RMSDs) of GM clusters of CB4Ses

during the Born-Oppenheimer molecular dynamics (BOMD) simulations at 298,

600 and 1000 K.
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Figure S5.  Analysis of canonical molecular orbitals (CMOSs) of C,y CB4Ses (1) cluster. (a)
Five lone pairs (LPs) of Se atoms. (b) Nine CMOs, corresponding to eight
localized two-center two-electron (2c-2e) B-Se bonds and one Se-Se bond. (c) Five
CMOs, corresponding to two 2c-2e B-Se and three three-center two-electron (3c-2e)

B-Se-B bonds. (d) One delocalized 1 CMO. (e) Three delocalized ¢ CMOs.
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Figure S6.

Plot of the Laplacian of electron density, bond paths and critical points for CB4Ses
(1). The red dashed lines denote the areas of charge concentration (V2p(r) < 0) and
the blue area is vice versa. The brown sticks between the atoms represent bond

paths. The brown and yellow dots are bond and ring critical points, respectively.
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Figure S7.  Selected canonical molecular orbitals (CMOs) and energy level diagram of Cay

CBu4Ses (1) at PBEO/def2-TZVPP level.
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Figure S8.

(Cs, 3A) at PBEO/def2-TZVPP level.
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Figure S9. Nucleus independent chemical shifts (NICSs) for cluster 1. NICS(0) is calculated
at the center of a triangle. NICS(1), shown in red, is calculated at 1 A above the

center of a triangle and above the C center.
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Figure S10. Simulated IR spectrum of CB4Ses at the PBEO-D3/def2-TZVPP level.
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Figure S11. Optimized structure of CB4Ses[Al(CHz3)3]s at the PBEO/def2-TZVP level.
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Cartesian coordinates of optimized structures of top 20 low-lying isomers of CB4Ses.

1

C 0. 00000000 0.21323398 0. 00000000
B 0. 96027659 1. 44960773 0. 00000000
B —0. 96027659 1. 44960773 0. 00000000
B 1.29812700  —0. 55512315 0. 00000000
B —-1. 29812700  —0. 55512315 0. 00000000
Se 1. 18482413  -2.48078017 0. 00000000
Se  —1.18482413  -2.48078017 0. 00000000
Se 0. 00000000 3. 14502715 0. 00000000
Se 2. 78181115 0. 75433982 0. 00000000
Se  —2.78181115 0. 75433982 0. 00000000
2

C —0. 01065924 0. 56416727 0. 00000000
B —0. 54532680 2. 09901598 0. 00000000
B 0.95771313 1. 73710367 0. 00000000
B —1. 56899236 0. 53897199 0. 00000000
B 0.66179840  -0. 80660423 0. 00000000
Se  —2.45226255  —1.15115407 0. 00000000
Se  —2.44137511 2.32399471 0. 00000000
Se 2. 82137586 1. 48315799 0. 00000000
Se  —0.44531365  —2.40234895 0. 00000000
Se 2.59222231  —0. 87798618 0. 00000000
3

C 0.00000000  -0. 25459103 0. 00000000
B 0.76534400 -1.60287303 0. 00000000
B —1. 03306500 0. 89378597 0. 00000000
B -0. 76534400  —1.60287303 0. 00000000
B 1. 03306500 0. 89378597 0. 00000000
Se 2. 92786000 0. 59674397 0. 00000000
Se  —2.92786000 0. 59674397 0. 00000000
Se 0. 00000000 2. 57073097 0. 00000000
Se  —2.65589600  —1.75536803 0. 00000000
Se 2. 65589600  —1. 75536803 0. 00000000

C —0. 11411088 0.61302325 0. 00000000
B —0. 59731682 2. 01688570 0. 00000000
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Tmm O

Se
Se
Se
Se

11
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Dmm O

. 88378690
. 40433612
. 27364484
. 23422791
. 55903912
. 08442889
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.50750119
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. 98057848
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. 26320574
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. 45119690
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Do O O
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