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Table S1. Cartesian coordinates for key structures of the alloy PdsBas cluster system at the
PBEO/def2-TZVP level. Cluster 1 (Cs, A") is the most stable structure as
identified from our global structure searches in this work. Structure 2 (Cs, tA")
represents a transition state (TS), which is relevant to dynamic structural
fluxionality of the system.

Figure S1.  Alternative optimized low-lying structures of PdsB2s cluster at the
PBEO/def2-TZV/P level, along with their relative energies (in eV). Also shown in
the square brackets are the relative energies at the B3LYP/def2-TZVP level. The

comparative energetics data serve to check for computational consistency of the
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Figure S2.

Figure S3.

Figure S4.

Figure S5.

Figure S6.

Figure S7.

density-functional theory (DFT) methods. All energies listed have the corrections
for zero-point energies (ZPEs).

Optimized geometric structures of (a) cluster 1 (Cs, *A") and (b) TS structure 2 (Cs,
LA") of Pd3Bys cluster at the PBEQ/def2-TZVP level. Calculated bond distances
are labelled in A (black color; top panels), for which the B—B value represents the
average B—B distance within the B3 rings. The Wiberg bond indices (WBISs; in
blue color) and natural atomic charges (in |e|, red color) are obtained from the
natural bond orbital (NBO) analyses, also at the PBEOQ/def2-TZVP level.

Pictures of selected canonical molecular orbitals (CMOs) for PdsBas 1 (Cs, 1A")
cluster. These CMOs are associated to the quasi-Lewis-type three-center
two-electron (3c-2e) B—B o bonds along two peripheral B1s rings, showing a
certain extent of ¢ bonding between two B3 rings.

An alternative AANDP scheme for PdsBas 1 (Cs, tA') cluster. Herein the skeleton
B-—B o bonding is strictly partitioned as Lewis-type 2c-2e o single bonds along
two Bis rings with relatively low occupation numbers (ONs) of 1.77-1.82 |e|,
which is not in line with the CMO data as described in Section 4.1. Therefore, this
AdNDP scheme has fundamental flaws. Our preferred ADNDP bonding scheme is
presented in Figure 4.

Pictures of selected CMOs for TS PdsBas 2 (Cs, tA') structure. These CMOs are
also associated to peripheral quasi-Lewis-type 3c-2e o bonds, similar to those in
Figure S3.

Occupied CMOs of TS 2 structure of PdsB2e cluster. These CMOs are similar to
those in Figure 2, except for a slightly spatial shift in the orientation of electron
clouds.

The AANDP bonding scheme of TS 2 structure of PdsB2s cluster. ONs are

indicated.
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A short movie extracted from the BOMD simulation for Pd3B2s cluster. The simulation was

performed at 300 K for 50 ps. The movie roughly covers a time span of 25 ps.
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Table S1. Cartesian coordinates for key structures of the alloy PdsB2s cluster system at the
PBEOQ/def2-TZVP level. Cluster 1 (Cs, *A") is the most stable structure as identified
from our global structure searches in this work. Structure 2 (Cs, A") represents a
transition state (TS), which is relevant to dynamic structural fluxionality of the

system.
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(b) TS, Pd3B2s (2, Cs, *A")
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Figure S1. Alternative optimized low-lying structures of PdsBgs cluster at the
PBEO/def2-TZVP level, along with their relative energies (in eV). Also shown in
the square brackets are the relative energies at the B3LYP/def2-TZVP level. The
comparative energetics data serve to check for computational consistency of the
density-functional theory (DFT) methods. All energies listed have the corrections
for zero-point energies (ZPEs). Selected triplet structures that correspond to the
low-lying singlets are also optimized (not shown), and the lowest-energy triplet

state cluster has a relative energy of 0.27 eV at PBEO.
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Figure S2. Optimized geometric structures of (a) cluster 1 (Cs, *A’) and (b) TS structure 2 (Cs,
1A") of Pd3B2s cluster at the PBEQ/def2-TZVP level. Calculated bond distances
are labelled in A (black color; top panels), for which the BB value represents the
average B—B distance within the Bz rings. The Wiberg bond indices (WBISs; in
blue color) and natural atomic charges (in |e|, red color) are obtained from the

natural bond orbital (NBO) analyses, also at the PBEQO/def2-TZVP level.
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Figure S3.  Pictures of selected canonical molecular orbitals (CMOs) for PdsBas 1 (Cs, tA")
cluster. These CMOs are associated to the quasi-Lewis-type three-center
two-electron (3c-2e) B—B o bonds along two peripheral B1s rings, showing a

certain extent of ¢ bonding between two B3 rings.
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Figure S4. An alternative ADNDP scheme for PdsBas 1 (Cs, *A’) cluster. Herein the skeleton
B—B o bonding is strictly partitioned as Lewis-type 2c-2e o single bonds along
two Bas rings with relatively low occupation numbers (ONs) of 1.77-1.82 |e|,
which is not in line with the CMO data as described in Section 4.1. Therefore, this

AdNDP scheme has fundamental flaws. Our preferred ADNDP bonding scheme is

presented in Figure 4.

2x3c-2e o bonds 26x2c-2e o bonds
ON = 1.89-1.90 |e| ON =1.77-1.82 |e|

12x1c-2e lone pairs
ON = 1.82-1.99 |e|

7x26¢-2e 1 + 1M bonds
ON =1.99-2.00 |e|

D2NDEO

2x29c-2e ¢ + ¢ bonds 5x26¢-2e ¢ + ¢ bonds
ON =2.00 |e| ON =1.93-1.99 |e|
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Figure S5. Pictures of selected CMOs for TS PdsB2s 2 (Cs, tA) structure. These CMOs are

also associated to peripheral quasi-Lewis-type 3c-2e o bonds, similar to those in
Figure S3.
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Figure S6. Occupied CMOs of TS 2 structure of PdsB2s cluster. These CMOs are similar to

those in Figure 2, except for a slightly spatial shift in the orientation of electron

clouds.
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Figure S7. The AANDP bonding scheme of TS 2 structure of Pd3B2s cluster. ONs are

2x3c-2e o bonds 26x3c-2e ¢ bonds
ON =1.89-1.90 |e| ON =1.97 |e|

indicated.

12x1c-2e lone pairs
ON = 1.85-1.99 |e|

7x26¢-2e 1 + 1M bonds
ON =1.99-2.00 |e|

SOOSH

2x29c-2e 0 + 0 bonds 5x26¢-2e 0 + ¢ bonds
ON =2.00 |e| ON =1.90-1.99 |e|
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