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Fig. S1. Optimized low-lying isomers of B11(CO)," (n = 1-3) at PBE0/6-311-G(d,p) level, with the
relative energies (AE) indicated ineV at CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-
311+G(d,p) (in parentheses) levels, respectively.
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Fig. S2. Optimized low-lying isomers of B11(CO)," (n = 4-5) at PBE0/6-311-G(d,p) level, with the
relative energies (AFE) indicated ineV at CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-
311+G(d,p) (in parentheses), respectively.
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Fig. S3. Optimized low-lying isomers of Bi5(CO)," (n = 1-3) at PBE0/6-311-G(d,p) level, with the
relative energies (AE) indicated ineV at CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-
3114+G(d,p) (in parentheses), respectively.
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Fig. S4. Optimized low-lying isomers of Bi5(CO)," (n = 4-6) at PBE0/6-311-G(d,p) level, with the
relative energies (AE) indicated ineV at CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-
311+G(d,p) (in parentheses) levels, respectively.
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Fig. S5. (a) Optimized fluxional mechanism of Byi*, with the relative energies indicated in eV at
CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBEO0/6-311+G(d,p) (in parentheses) levels
respectively. (b) Optimized structures of Bis* with the relative energies indicated in eV at
CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p), PBE0/6-311+G(d,p) (in parentheses), TPSSh/def2-
TZVPP (square bracket), respectively. (c) Optimized fluxional mechanism of C», Bis™ (15-1), with

the relative energies indicated eV at CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-
311+G(d,p) (in parentheses), respectively.
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Fig. S6. (a) Calculated relaxed potential energy curves for the approach of CO toward Bii* at
PBE0/6-311+G(d,p). (b) Calculated potential energy profile to form 11-1A and 11-1B, with the
relative energies indicated in eV for the intermediate states (Is) and transition states (TSs) at
CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBE0/6-311+G(d,p) (in parentheses),
respectively.
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Fig. S7. (a) Calculated relaxed potential energy curves for the approach of CO toward 11-1A and

11-1B at PBE0/6-311+G(d,p). (b) Calculated potential energy profileto form 11-2A and 11-2B, with
the relative energies indicated in eV for the intermediate states (Is) and transition states (TSs) at
CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and
respectively.

PBEO0/6-311+G(d,p) (in parentheses),
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Fig. S8. Calculated relaxed potential energy curves for the approach of CO toward 11-2B to form
11-3A, 11-3B and 11-3C at PBE0/6-311+G(d,p).
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Fig. S9. Calculated relaxed potential energy curves for the approach of CO toward 11-3A to form
11-4A, 11-4B and 11-4C at PBE0/6-311+G(d,p).
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Fig. S10. (a) Calculated relaxed potential energy curves for the approach of CO toward 11-4A at
PBE0/6-311+G(d,p). (b) Calculated potential energy profile to form 11-5A, 11-5B and 11-5C, with
the relative energies indicated in eV for the intermediate states (Is) and transition states (TSs) at
CCSD(T)/6-311+G(d,p)//PBE0/6-311+G(d,p) and PBEO0/6-311+G(d,p) (in parentheses),

respectively. The relative energies are in units of eV and bond lengths are given in pm.
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Fig. S11. (a) Calculated relaxed potential energy curves for the approach of CO toward 11-5A at
PBE0/6-311+G(d,p). (b) Calculated potential energy profile to form 11-6A, 11-6B and 11-6C, with
the relative energies indicated in eV for the intermediate states (Is) and transition states (TSs) at
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Fig. S12. Calculated relaxed potential energy curves for the approach of CO toward 15-I (a) to form
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Fig. S18. Born-Oppenheimer molecular dynamics (BOMD) simulations of (a) Cs Bis-1A, (b) Ci
Bis-2A, (¢) Cs Bis-3A, (d) Ci Bis-4B and (e) C;s Bis-5A at 300K for 100 ps. The calculated average
root-mean-square-deviations (RMSD) values and maximum bond length deviations (MAXD)

values are indicated.
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Fig. S19. AANDP bonding patterns of (a) Cs Bii* GM, (b) Ds» CsHs, (¢) C2 Bii* TS, and (d) Cai Bio,
with the occupation numbers (ONs) indicated.
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Fig. S20. AANDP bonding patterns of (a) Cs Bii-1A and (b) C; Bii-2A, with the occupation numbers
(ONs) indicated.
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Fig. S21. AANDP bonding patterns of (a) C1 Bii-3A and (b) C1 Bui-4A, with the occupation numbers
(ONs) indicated.
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Fig. S22. AANDP bonding patterns of (a) C1 Bii-5A and (b) C1 Bui-6A, with the occupation numbers

(ONs) indicated.
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Fig. S23. AANDP bonding patterns of (a) C2, Bis™, (b) C2y Bi4, and (¢) D24 CsHg, with the occupation
numbers (ONs) indicated.
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Fig. S24. AANDP bonding patterns of (a) Cs Bis-1A and (b) C1 B1s-2A, with the occupation numbers

(ONs) indicated.

23

t !

2 3c-2e ¢ bonds
2 6¢-2e o bonds
ON =1.78-1.97 |e|

1 12c-2e o bond
ON =197 |e|

1 5¢c-2e  bond
1 6¢-2e  bond
ON = 1.73-1.81 |e|



(a) 15-3A

(C, 'A)
o , o i
gy - % e Q‘{S'o v ’00 “u
("3 ’0 oo < ’9
: 5 4 ¢
o t (¥ o
three lone pairs on O 11 2c-2e ¢ bonds 6 2-2e 1 bonds
ON =1.98 |e| ON =1.77-1.91 |e| ON = 1.98-2.00 |e|
e
wy poa® 'y 8-
e ) [ [
$ : 3
2 3c-2e o bond
6 2c-2e o bonds 2 3c-2e 0 bonds 2 62 2: z bz:d: 1 12c-2e o bond
ON = 1.99-2.00 |e]| ON = 1.85-1.86 |e| ON = 181-1.91 e| ON =1.95 |e|
- 8.
Lo
: V
2 6c-2e T bonds 1 5¢-2e T bond
ON= 184 e| 1 6c-2e 1 bond
’ ON = 1.78-1.81 |e|
(b) 15-4B
(C, 'A)
W W
¢ : ¢ 6
four lone pairs on O 11 2c-2e o bonds 8 2-2e 1 bonds
ON =1.98 |e| ON = 1.59-1.92 |e| ON = 1.99-2.00 |e|
i ., oo
& ! : :
2 3c-2e o bond
8 2c-2e o bonds 2 3c-2e 0 bonds 2 62 2: z bE: dz 1 12c-2e o bond
ON = 1.97-2.00 |e| ON =1.72-1.89 |e| ON =1.95 |e|

ON = 1.83-1.92 |e|
T )
L "3

: v

1 5¢c-2e  bond
1 6¢-2e 1 bond
ON =1.79-1.81 |e|

Fig. S25. AANDP bonding patterns of (a) Cs B15-3A and (b) Ci B15-4B, with the occupation numbers
(ONs) indicated.
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Fig. S26. AANDP bonding patterns of Cs Bis-5A, with the occupation numbers (ONs) indicated.

25



&8 T L 28%
& £t
U \ N // //// // @)
LUMO 5 /2%
S0 90.13% R - E g
e PP U e _._._,,__7.—//-—-— ,
HOMO ™ et aa ovo . & @@
€x P \ // 7 a o e
' S o S2 — ¢ HOMO-1
ﬁ I s = Vq/ 2
HOMO-5 ~ =—tmtme b — do ,19.23%
—— % —2—2— HOMO-5~ @
Q‘%\ 201%., T -~ "HOMO-3
HOMO-10 T 1429% S T18.05%
N e
' S T —_— T
HOMO-11  —a—am —— ]
HOMO-13
ot e,
e B
e e P
PP el l—
PP B e =
B, * B,,CO* Co

Fig. S27. Bonding scheme of B11(CO)* (11-1A) based on EDA-NOCYV analyses, with Cs B11* and
CO designated as interacting fragments. Only the most important occupied valence orbitals HOMO-
13 representing the effective o-donation coordination bond and HOMO and HOMO-5 responsible

for weak m-back-donations between Bi:* and its ligand CO are shown, with the percentage
contributions from the corresponding molecular orbitals of the fragments B1:* and CO indicated.
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Fig. S28. Bonding scheme of B1s(CO)* (15-1A) based on EDA-NOCYV analyses, with Czy Bis™ and
CO designated as interacting fragments. Only the most important occupied valence orbitals HOMO-
17 representing the effective o-donation coordination bond and HOMO and HOMO-2 responsible
for weak m-back-donations between Bis* and its ligand CO are shown, with the percentage
contributions from the corresponding molecular orbitals of the fragments B1s* and CO indicated.
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Fig. S29. AANDP bonding patterns of (a) C1 B1o(CO), (b) C: B1o(CO)2, and (c¢) Ci B1o(CO)3, with

the occupation numbers (ONs) indicated.
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Fig. S30. AANDP bonding patterns of (a) C1 B1o(CO)4, (b) C1 B1o(CO)s, and (c) Cai B1o(CO)s, with
the occupation numbers (ONs) indicated.
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Fig. S31. AUNDP bonding patterns of (a) Cs B14(CO), (b) Cay B1a(CO)2, and (c) C: B14(CO)3, with

the occupation numbers (ONs) indicated.
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Fig. S32. AANDP bonding patterns of (a) Cs Bi14(CO)a, (b) Ci B14(CO)s, and (c) Cs B1o(CO)s, with

the occupation numbers (ONs) indicated.
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Fig. S33. Calculated chemisorption energies of E. = (Esi3++ nEco) — Esi3(copn+ (black) and E. =
(EBi12+ nEco) — EBi2con (red) with respect to the number of CO ligands (#) in the systems at
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Table S1. EDA-NOCYV results for B11(CO)* (11-1A) at the PBE0/TZ2P-ZORA level using PBE0/6-
311+G(d,p) optimized geometries, with CO and Bii* designated as the interacting fragments.

Energy values are given in kcal/mol.

Interacting fragment

Energy term Assignment Bu* +CO
AEint -75.4

AEPaui 157.9
AEclsta?] -82.1 (35.2%)
AEor!?] -151.2 (64.8%)
AEorp(1) [P [B117(p)] « CO o donation -102.3 (67.7%)
AEorb (2) [P [Bi1*(p)] — CO = backdonation -20.2 (13.3%)
AEor (3) P [Bi1*(p)] — CO = backdonation -15.2 (10.1%)
AEorb (4) [P -11.5 (7.6%)
AEor (rest) [ -2.1 (1.4%)

[a] The values in parentheses give the percentage contribution to the total attractive interactions

AFEcstat AEon. [b] The values in parentheses give the percentage contribution to the total orbital

interactions AEowb.
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Table S2. EDA-NOCYV results for Bis(CO)*" complexes at the PBEQ/TZ2P-ZORA level using
PBE0/6-311+G(d,p) optimized geometries, with CO and Bis* designated as the interacting

fragments. Energy values are given in kcal/mol.

Interacting fragment

Energy term Assignment Bis + CO
AEint -82.9

AEPaui 176.2
AEclsta?] -92.6 (35.7%)
AEor!?] -166.5 (64.3%)
AEorb(1) 1°] [B15*(p)] «— CO & donation -106.8 (64.2%)
AEorb (2) [P [Bi5"(p)] — CO = backdonation ~ -22.1 (13.3%)
AEor (3) P [Bi5"(p)] — CO = backdonation ~ -20.6 (12.4%)
AEor (4) ] -14.7 (8.9%)
AEor (rest) -2.2 (1.3%)

[a] The values in parentheses give the percentage contribution to the total attractive interactions

AFEcstat AEon. [b] The values in parentheses give the percentage contribution to the total orbital

interactions AEowb.
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