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Fig. S3. Structures and relative energies (AE, red font, in kcal mol™' at the
CCSD(T)+ZPEpgg level) of Be;Aug (3) and its lowest-lying isomers. 77 diagnostic

values are given within parentheses. The lowest vibrational frequencies in cm-! are

given in square brackets.
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Fig. S4. Structures and relative energies in kcal mol™! of the first three low-lying
isomers of Be;Aug (3) in the triplet state, calculated at the PBEO/def2-TZVPP (red

font) and PBEO/aug-cc-pVTZ(-PP) (blue font) level with zero-point energy correction.



Table S1. The lowest vibrational frequencies (in cm') and relative energies in kcal
mol~! (AE) of the Be;Aug and its lowest-lying isomers. The single-point energies were
computed at the CCSD(T)/def2-TZVPP level based on geometries determined
different DFT methods considering the dispersion correction. The relative energies
are were compared at the CCSD(T)/def2-TZVPP level considering the zero-point

energy (ZPE) corrections or Gibbs free energies (GFE) at the corresponding DFT

level [abbreviated as CCSD(T)+ZPEpgr or CCSD(T)+GFEpgt].

3 3a 3b | 3¢ 3d
The lowest | B2PLYP-D3(BJ)/def2-TZVPP | 11 |21 27 113 17
vibrational | TPSSh-D3(BJ)/def2-TZVPP 13 |24 27 112 14
frequencies | PBE0-D3(BJ)/def2-TZVPP 11 |17 27 113 18
The CCSD(T)+ ZPEg2pLypr-p3(8)) 0 —09 (2.7 |46 |4.6
relative CCSD(T)+ ZPEtpssh-n3sy) 0 -0.2 [3.1 |95 |49
energies CCSD(T)+ZPEpgg0.p3(81) 0 |—0.6 |34 |46 |46
CCSD(T)+ GFEg2pLyp-p3(B)) 0 1.9 |45 |48 |57
CCSD(T)+ GFEtpssh-p3B) 0 21 |51 ]104 |57
CCSD(T)+ GFEpggo-p3(sy) 0 1.5 |54 |47 |56
3e |3f 3g |[3h 3i
The lowest | B2PLYP-D3(BJ)/def2-TZVPP | 18 | 18 34 |17 25
vibrational | TPSSh-D3(BJ)/def2-TZVPP 12 |12 31 [ 12 21
frequencies | PBE0-D3(BJ)/def2-TZVPP 19 |19 26 |17 21
The CCSD(T)+ ZPEgpLyp-p3(B)) 45 145 |48 165 |89
relative CCSD(T)+ ZPE1pssh-p3(B1) 52 (52 |51 (69 |94
energies CCSD(T)+ZPEpgro-n3(B1) 48 | 4.8 5.1 6.7 9.1
CCSD(T)+ GFEg2prLyp-p3(B)) 62 (62 |78 |83 10.5
CCSD(T)+ GFEtpssh-n3B) 66 66 |78 82 |109
CCSD(T)+ GFEpggo-p3(sy) 65 (65 |75 |84 |10.6
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Fig. S5. PBEO/def2-TZVPP-optimized structure of Be;Aug (3), and its CMS5 charges

(blue font, in |e|), Mayer bond orders (black font) are given.

Table S2. Energy components of IQA for the Dg, Be;Aug cluster at the PBEO/TZ2P
Level. VIGA’ Vigt, and Vige are the interatomic IQA interaction energy and their

coulombic and exchange-correlation energy components, respectively, in kcal mol™'.

Be;Aug

Vigs (Bec-Be!) | —26.2

Viat (Bec-Be!) | 8.2 (19.2%)
Vige (Bec-Be!) | —34.4 (80.8%)
Vigw (Bel-Be!) | —32.6

Viat (Bel-Be!) | 26.0 (30.7%)
Vige (Bel-Be!) | —58.6 (69.3%)
Vi (Bel-Au) | —104.3

Viat (Bel-Au) —53.2 (51.0%)
Vige (Bel-Au) | —51.1 (49.0%)

Be¢ and Be' represents the central Be atom and ligand Be atoms, respectively.
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Fig. S6. RMSD (in A) versus simulation time (in ps) for the BOMD simulations of

Be;Aug (3 and 3a) at the PBE/DZVP level and concerned temperatures.
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Fig. S7. AANDP of d-type lone pairs at bridging Au atoms.



Table S3. Orbital composition analysis and ODI for occupied canonical molecular

orbitals (CMOs) of Be;Aus and Be;Clg cluster. Main components are highlighted in

bold.
Subsystem CMO BesAug Be-Clg
Be? | Be® | Au | ODI | Be? | Be? | Cl | ODI
2n 239 | 342 | 420 | 99 | 549 [ 404 | 47 | 11.7
aromaticity
60 13.1 | 30.1 | 56.4 | 10.3 | 16.0 | 61.1 | 22.8 | 12.3
aromaticity
13.1 | 30.6 | 56.4 | 10.3 | 16.0 | 60.2 | 22.9 | 12.3
283 | 56 [ 66.0 | 9.0 | 47.1 | 158 |37.2| 104

Be“represent center Be atom; Be? represent ligand Be atoms.
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Fig. S8. The distribution of NICS values for Be;Aug. Panels A correspond to the

molecular planes, while panels B correspond to the planes parallel to and located 1 A

above the molecular planes.

Fig. S9. Top views of the ring current maps of 3 with the iso-surface value of 0.02
The external magnetic field B is applied in the vertical direction, with the induced

current vectors represented by red arrows on the iso-surfaces.



Cartesian coordinates of PBEO/def2-TZVPP-optimized structures shown in Fig. S1-S3.
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-1.46969200
0.81389000
0.01184200

-0.56209200

-1.78970400

0.58633100
1.41567800
2.63681700

-0.70704000

-0.72616100

-2.54208700

1.36602800
0.05701700

0.00217600
-0.00058400
1.07111700
-1.73148300
0.00022000
-1.07597400

-0.63925700
1.31834700
-1.49278900
0.33095000
0.85857100
-1.15368700

1.36717100
2.45131400
1.59812200
1.36722200
-0.28143800
-0.40799000
-0.28130800
-1.35634400
-0.95074100
0.23489700
1.26285200
-0.95012300
1.26472700

0.93072300
0.85146500
2.74944800
2.79016900
1.86381100
1.28535000
2.58915300
0.51077300
0.02941700
0.81370000
-0.36256000
-1.10080200
-1.00202900

-2.25566600
0.35024700
-0.28337400

-1.49098500
-2.06430300

-0.28622700



Be
Ag
Ag

Ag
Ag

2h
Be
Be
Be
Be
Be
Be
Be
Ag
Ag

Ag
Ag

2i
Be
Be
Be
Be
Be
Be
Be
Ag
Ag

Ag
Ag

Be
Be
Be
Be
Be

-0.07071400
-0.09439500
-2.26324900
3.22955400
-2.26065400
-0.09725800
1.28685100

-0.49732100
0.12284900
0.33493200

-1.81559900

-1.77191000

-0.52962400

-1.62655700

-3.75258400

1.75247600

-0.01615300
1.80978000
1.80859900

-1.10992900

1.36122800
-0.78710700
-0.34340400

1.93584500

0.41937300

1.06830200

0.32639300
-0.30180100
-1.29998500
-1.08950000

3.34470700
-2.51838000

1.52618400

0.00000000
1.81954500
-1.81954500
-1.81954500
0.00000000

1.73250700
2.33583400
-1.41844200
0.00161800
1.42333900
-2.33866700
-0.00351000

-0.52495900
-0.43125300
-2.24987100
-0.96736200
0.31412600
-2.51973800
-1.78548100
-0.92739000
-2.01921600
1.71055700
1.03345500
-0.41270700
1.31015600

0.11265900
0.45093200
1.23174900
0.39021300
1.50873700
1.96963600
-0.61264100
-1.18352800
-1.86050700
2.77937800
1.20174700
0.47173200
-1.83871800

2.10103000
1.05051500
1.05051500
-1.05051500
0.00000000

-1.48752700
0.89248500

-0.69062700
-1.65798100
-0.68809100
0.88763000
1.89640000

2.17239700
-0.48543600
1.23119800
-1.09402500
0.70147900
-0.68366600
0.93052300
0.24522800
-0.88916100
1.30167300
-1.01996000
1.57004000
-1.44377400

0.75473300
-0.84956100
1.23862400
-1.34930000
-2.16739200
-0.22267500
-2.28886500
1.65854100
-1.09151300
-0.66362600

0.39913900
0.71053000
-0.59737400

0.00000000

0.00000000
0.00000000
0.00000000

0.00000000



3¢
Be
Be
Be
Be

1.81954500
0.00000000
3.76802100
1.88401100
-3.76802100
-1.88401100
1.88401100
-1.88401100

2.35955500
0.19064400
0.75477000
1.79986800
2.35955500
0.75477000
-0.23867500
2.11808400
-1.46282700
0.75477000
-1.46282700
-1.10604500
0.75477000

0.16603300
1.52407500
0.46590600
0.46590600
-1.26128200
1.46438700
0.16603300
-1.06174200
-1.43006300
0.96610100
1.83821800
0.96610100
-1.43006300

-0.23011500
-0.93956400
-2.13848900

1.32269900

-1.05051500
-2.10103000
0.00000000
3.26320200
0.00000000
-3.26320200
-3.26320200
3.26320200

0.64431300
0.26096600
1.89155100
2.32207700
0.64431300
1.89155100
2.66061800
-1.35253700
1.43729700
-0.28681300
1.43729700
-1.47073000
-0.28681300

2.10319300
0.90700500
-0.01614700
-0.01614700
1.02077800
-1.24296400
2.10319300
-1.25426100
1.05760000
-2.16757500
3.22819000
-2.16757500
1.05760000

0.00107900
1.78351400
-0.00681200

1.12065800

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

1.06826700
0.00000000
1.72842000
0.00000000
-1.06826700
-1.72842000
0.00000000
0.00000000
1.47818300
-2.38853300
-1.47818300
0.00000000
2.38853300

1.07014400
0.00000000
1.52151400
-1.52151400
0.00000000
0.00000000
-1.07014400
0.00000000
-2.29397200
1.99255700
0.00000000
-1.99255700
2.29397200

0.76860700
-0.32156300
-0.30115800

-0.22469300



3f
Be
Be
Be

1.32985900
-0.92597500
-0.28435800

0.75459000
-3.12427300

1.83692100

0.73045100

3.00584100
-3.10905200

-0.29462800
0.35345000
1.59737300
0.14259900

-1.87746000

-1.95456100

-0.58192900

-1.07198400
2.25161300

-3.72807400
2.26340900
1.63011000

-1.21266200

0.30362800
1.31399200
1.66884100
-0.19387800
-0.90750400
1.46365500
0.73494700
-2.51322000
3.35301600
0.86591400
-0.58965400
-1.50541500
0.16740200

-0.91851500
-0.18972000
0.76859500

-1.11044000
-1.78996900
-0.00088500
-3.27405000
2.01005600
0.00641800
3.27969500
0.00925000
-2.03122500

-0.01924000
-1.66453800
0.21339700
1.86085000
-1.05927800
1.02971000
0.12792300
-2.00195100
-1.63465000
-0.17393600
2.33393100
-0.92591000
2.37776700

-1.65248700
-1.58982400
-0.15814600
0.26722900
-0.59852500
0.58903800
1.76515400
-0.06301700
-0.51050100
2.70408700
-2.92211900
1.58120300
-0.71990300

0.58073600
-0.27370400
-1.75400100

-0.22269500
-0.32002500
-1.14752200
-0.13215700
-0.09548300
1.78687600
-0.13341500
-1.23933300
-0.09691600

1.34421800
0.23951900
0.19540100
0.56942800
0.33704100
0.57715100
-0.72620000
-1.54557000
-0.93893600
1.22898200
0.09549100
2.15898100
-1.12738100

-2.18504200
-0.29941800
-1.88525100
-2.65635200
-0.69775400
0.19286600
-1.50603300
0.74568100
-0.31050000
0.50426500
-0.58274900
-1.38355800
1.48443100

-0.69869200
-2.65455700
-1.50641000



3i
Be
Be

0.27184000
1.46875400
1.66450900
1.28513900
3.34105800
0.91971900
-1.47537300
0.15380200
-0.64574900
-2.51374100

-0.24244400
1.76242000
2.04907100
0.54331200
0.59263100
2.04979400
0.59081100

-1.64572000
0.30147900

-1.60222200
3.87499200

-1.60374300
0.30328600

0.00000000
0.00000000
-1.05972600
0.19948200
0.00000000
1.05972600
-0.19948200
1.67225900
-1.81619200
-1.67225900
-0.36832400
0.36832400
1.81619200

-0.49870100
1.20120300

1.65573900
-0.56057600
0.18813700
1.61583200
0.56823200
-2.68874700
-1.61138800
0.72987300
2.91049200
0.01801000

0.00091800
0.00134700
1.05490600

-0.00077600
-1.68994700
-1.05435200
1.69068900
-0.00100700
2.27281300
-1.49300700
0.00161400
1.49367800
-2.27423200

1.80917000
0.00000000
0.02612500
-1.32146200
-1.80917000
-0.02612500
1.32146200
0.32554900
1.37667200
-0.32554900
-3.41767000
3.41767000
-1.37667200

-0.96892000
-0.77757600

-2.18667500
0.19243600
-1.88599500
-0.30208300
-0.30981900
0.50403100
-1.37975700
1.48354000
-0.58645300
0.74627900

-2.29283200
-1.57291600
0.27793000
1.35335200
-1.16171600
0.27644900
-1.15897200
1.32586800
1.03196600
-1.27099200
-0.62730100
-1.27209300
1.02919600

1.00129000
2.24327500
0.42535600
-1.05917500
1.00129000
0.42535600
-1.05917500
-1.83422900
2.22660100
-1.83422900
-0.46777000
-0.46777000
2.22660100

-1.95670300
-0.54632900



0.92601500
-0.72694100
-1.81309000
-1.05523500

0.19029600
-2.11493700

0.44071700
-2.86471600

2.94339800

0.42125000

1.26423600

1.15154100
2.22578700
0.68520300
0.46347800
0.92459500

-1.31423700
-2.80798000
1.80827000
0.18465100
-0.91266700
2.85441300

0.61583000
-0.21723400
-1.34133900

0.80675600
-1.57788500
-0.34665200
-1.10110400
0.46168400
0.52417100
1.70808000
-1.03266400



