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Fig. S1. AANDP-generated orbitals (two phases shown in red/white or green/white) related to
bonding to beryllium in 4-10

Boe0e 8 @S

Three 3c-2e o bonds ON = 1.96 |e| One 5c-2e o bond Two 5c-2e  bond
ON = 1.96 || ON = 1.96 |¢|

& <@ &~ @

Two 2¢-2e o bonds ON = 2.00 |e| Two 2c-2e o bonds ON = 2.00 |e|
Scheme 1 Scheme 2

4

® o9 6 O3

Three 3c-2e o bonds ON = 1,99 |e| One 5¢-2e o bond Two 5¢-2e  bond
ON =1.99 e| ON =1.99 [e|

% @ @ <9

Two 2¢-2e o bonds ON = 2.00 |e| Two 2c-2e o bonds ON = 2.00 |e|
Scheme 1 Scheme 2

5

200 O 08

Three 3c-2e o bonds ON = 2.00 |e| One 5¢-2e o bond Two 5c-2e  bond
ON =200 [e] ON =2.00 [e]

Po— P Po— @

Two 2c-2e o bonds ON = 2.00 |e|
Scheme 2

Two 2¢-2e o bonds ON =2.00 |e|
Scheme 1

290 0 O3

Three 3c-2e o bonds ON = 1.99 |e| One 5c¢c-2e o bond Two 5c-2e  bond
ON =1.99 [e] ON =1.99 [e]

B <@ B <P

Two 2c-2e o bonds ON = 2.00 |e|
Scheme 2

Two 2c-2e o bonds ON = 2.00 |e|
Scheme 1

7

o0 ¢ 08

Three 3c¢-2e o bonds ON = 1.99 |e| One 5¢-2e o bond Two 5¢-2e 1 bond
ON =1.99 [e] ON =1.99 [¢]

—@0 WP -

Two 2c-2e o bonds ON = 2.00 |e| Two 2c-2e o bonds ON = 2.00 |e|
Scheme 1 Scheme 2

8

® oo 0 08

Three 3c-2e o bonds ON = 1 .98 |e| One 5::-23 0 bond Two 5c-2e H bond
9 le| ON = 1.99 |e|

IP— —@ J.Q— —@o

Two 2¢-2e o bonds ON = 2.00 |e| Two 2c-2e o bonds ON = 2.00 |e|
Scheme 1 Scheme 2

9

o0 0 038

Two 2c-2e o bonds ON = 2.00 |e|
Scheme 2

Two 2¢-2e o bonds ON = 2.00 |e|
Scheme 1

10
P2




Fig. S2. B3LYP/BS1-optimized structures for 3—10 and their lowest isomers. The relative free

energies (kcal/mol) were calculated using CCSD(T)/BS1 electronic energies plus B3LYP/BS1
Gibbs free energy corrections.
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Fig. S3. B3LYP/BS1-optimized neutral free radical [NH;—Be,H;«—NHj3] with Be—Be distances,
other interatomic distances, and NBO charges given in red, black, and italic blue fonts,
respectively.
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CCSD(T)/BS1-optimized structures (in Cartesian coordinates) for 1-10.
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B3LYP/BS1-optimized structure (in Cartesian coordinates) for 11.
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B3LYP/BS1-optimized structures (in Cartesian coordinates) for isomers shown in Figure S2. The
free energies were calculated with CCSD(T)/BS1 electronic energies plus B3LYP/BS1 Gibbs free energy corrections.
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0.38359100
1.06874000
1.06187500
0.00000000
1.09562900
0.00000000
—1.06874000
0.00000000
—1.09562900
—-1.06187500
—0.38359100

0.84077500
-0.84077500
0.00000000
0.00000000

0.00000000
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5a

-0.00000000
-0.00000000

Free energy = -36.65639099 a.u.

Be
Be
H
H
H
He
He

6

-0.16455100
1.78957900
0.85494700

-1.44157900
1.13732600

-6.78920200
3.26380100

Free energy = —288.5534524 a.u.

Be
Be
H

s

6a

Free energy =

Be
Be
H

s

6b

0.00000000
—0.00000000
0.00000000
—1.02415818
1.02415818
0.00000000
—0.00000000

—288.5501035 a.u.
0.00000000
0.00000000

—1.08962300
0.00000000
1.08962300
0.00000000
0.00000000

Free energy = -288.5377976 a.u.

Be
Be
H

an

—0.21598611
—2.68483205
—1.62956616

1.08542352
—2.98816102

5.62337416
—4.10981653

-0.00000000
-0.00000000

0.23453100
-0.08665600
-1.01375800

0.44583400

1.10142000
-0.23391900
-0.32857900

0.00000000
0.00000000
1.18259600
—0.59129800
—0.59129800
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
1.31466202
—1.31466202

—0.12809705

0.81918007
—0.15434627
—0.12265995

2.08377775
—0.04100750
—0.41610286

2.33144300
-2.33144300

0.17446400
-0.06008600
0.30846200
0.32670000
-0.23816900
-0.18959600
-0.23765800

0.84257400
—0.84257400
0.00000000
0.00000000
0.00000000
2.57446500
—2.57446500

2.36076741
0.37148180
1.21502214
3.66518894
1.21502214
—0.85121150
—0.85121150

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
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6¢

Free energy = —288.5430356 a.u.

Be
Be
H

s

6d

—0.35223470
0.35223470
—0.82645926
0.82645926
0.00000000
—0.14516535
0.14516535

Free energy = —288.5416642 a.u.

Be
Be
H

an

7

—-1.31006318
—0.00915217

0.07181902
—-1.04797757
—1.04797757
—0.64093289

1.37103264

Free energy = —1085.042436 a.u.

Be
Be
H
H
H
Ar
Ar

Ta

0.00000000
—0.00000000
0.00000000
—-1.02320035
1.02320035
0.00000000
—0.00000000

Free energy =—-1085.035516 a.u.

Be
Be
H

an)

7b

0.00000000
0.00000000
0.00000000
—-1.07785200
1.07785200
0.00000000
0.00000000

Free energy =—1085.027365 a.u.

Be

0.00000000

—-1.24316381

1.24316381
—1.94971657
1.94971657
0.00000000
2.31660180
2.31660180

2.20329614
1.14134527
2.60265451
1.22652525
1.22652525
1.95060102
0.10717395

0.00000000
0.00000000
1.18149000
—0.59074500
—0.59074500
0.00000000
0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
1.68416400
—1.68416400

0.84955200

0.96766610
0.96766610
1.95136510
1.95136510
0.36335910
—0.60037090
0.60037090

0.00000000
0.00000000
0.00000000
1.02489300
—1.02489300
0.00000000
0.00000000

0.84834800
—0.84834800
0.00000000
0.00000000
0.00000000
2.89460200
—2.89460200

2.70326594
0.71678294
4.01030894
1.59905094
1.59905094
—0.58023906
—0.58023906

0.00000000
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Be

T =

Ar

Tc

1.31722600
0.46068300
0.46068300
2.62767800
0.51184200
—1.00172800

Free energy =—-1085.026727 a.u.

Be
Be
H

an)

7d

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

Free energy =—-1085.002209 a.u.

Be
Be
H

T

8

—1.40395422
—1.79787551
—-1.19934705
—2.75579537
—0.57298845
—-1.38119519

2.34427574

Free energy =—-5535.452102 a.u.

Be
Be
H

an)

8a

—0.00000000
—0.00000000

0.00000000
—-1.02298212

1.02298212
—0.00000000
—0.00000000

Free energy = -5535.445372 a.u.

Be
Be
H
H

0.00000000
0.00000000
—1.07538700
0.00000000

—0.60162600
0.16530800
0.16530800

—0.51028600

—2.65815800

2.61304500

0.00000000
0.00000000
1.09192000
0.00000000
—-1.09192000
0.00000000
0.00000000

0.92423267
2.43035044
1.22609290
1.64739347
1.86934654
—1.07852845
0.06957482

—0.00000000
—0.00000000

1.18123800
—0.59061900
—0.59061900
—0.00000000
—0.00000000

0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
1.09287900
—-1.09287900
0.00000000
0.00000000
0.00000000

—4.62197485
—2.63577785
-3.48229785
—5.92702885
—3.48229785
—0.62657285

2.95560815

0.62078701
—0.55138219

1.88393493
—0.00955791
—0.43519128
—0.08245664
—0.01292141

0.85050300
—0.85050300
0.00000000
0.00000000
0.00000000
3.04665400
3.04665400

1.00420856
2.99023110
1.89697713

4.29793145
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H
Kr
Kr

8b

1.07538700
0.00000000
0.00000000

Free energy = —-5535.436356 a.u.

Be
Be
H
H
H
Kr
Kr

8c

—0.36454562
—1.20573418
—2.50063557
—0.60202523
—0.60202523

0.10621736

0.17116612

Free energy = -5535.432767 a.u.

Be
Be
H
H
H
Kr
Kr

8d

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

Free energy = —-5535.391334 a.u.

Be
Be
H
H
H
Kr
Kr

9

—0.60654878
5.37251867
—0.87809338
4.09969831
6.62455453
—2.19122912
1.38817248

Free energy = —-687.9046758 a.u.

Be
Be
H

s

0.00000000
0.00000000
0.00000000
—1.02298800
1.02298800
0.00000000
0.00000000

0.00000000
1.84507444
~1.84507444

0.79755909
—0.96742822
—-1.20358059

0.00191856

0.00191856

2.92192881
—2.86972826

0.00000000
0.00000000
0.00000000
1.08947600
—1.08947600
0.00000000
0.00000000

1.27418399
—-1.10501036
2.54757017
—0.69876049
—1.50906235
—0.33639816
0.30816367

0.00000000
0.00000000
1.18124400
—0.59062200
—0.59062200
0.00000000
0.00000000

1.89697713
—0.33430062
—0.33430062

0.00000000
0.00000000
0.00000000
1.09070600
—-1.09070600
0.00000000
0.00000000

—5.35520680
—3.37034580
—6.66087880
—4.22582680
—4.22582680
—-1.21657680

2.60587520

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

0.85308900
0.85308900
0.00000000
0.00000000
0.00000000
3.23898900

—-3.23898900
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9a
Free energy = —687.8968934 a.u.

Be 0.00000000
Be 0.00000000
H 0.00000000
H -1.07314700
H 1.07314700
Xe 0.00000000
Xe 0.00000000

9b

Free energy = —687.8883272 a.u.
Be —0.42825956
Be -1.27251358
H —0.66326121
H —2.57953825
H —0.66326121
Xe 0.07917937
Xe 0.11913828

9¢

Free energy = —687.8812488 a.u.
Be 0.00000000
Be 0.00000000
H 0.00000000
H 0.00000000
H 0.00000000
Xe 0.00000000
Xe 0.00000000

9d

Free energy = —-687.8750167 a.u.
Be —-1.21972317
Be —1.58253130
H —2.54722746
H —0.81704115
H —0.81704115
Xe 2.44130485
Xe —2.15629879

10

Free energy = -30.82411066 a.u.
Be -0.00000000

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
2.04370800
—2.04370800

0.79655106
—0.96129805
—0.00728548
—1.14352570
—0.00728548

3.10710551
—3.07345580

0.00000000
0.00000000
1.08634000
—1.08634000
0.00000000
0.00000000
0.00000000

3.49321274
1.84143327
2.97389379
2.58967282
2.58967282
—0.09299026
—0.45315462

-0.00000000

3.14241713
1.15983013
4.45213713
2.06295613
2.06295613
0.23876887
—0.23876887

0.00000000
0.00000000
1.08812500
0.00000000
—1.08812500
0.00000000
0.00000000

—3.87221524
—5.85581724
—4.73973124
—4.73973124
—7.16250124
—1.53228324

2.56106276

0.00000000
0.00000000
0.00000000
1.02776899
—-1.02776899
0.00000000
0.00000000

0.83653500
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Be
H
H
H

10a

-0.00000000
0.00000000
1.02535077

-1.02535077

Free energy = -30.83405838 a.u.

Be
Be
H
H
H

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

-0.00000000
1.18397309

-0.59198655

-0.59198655

0.00000000
0.00000000
0.00000000
0.00000000
0.00000000

-0.83653500
0.00000000
0.00000000
0.00000000

-1.41890300
1.41890300
-2.72156300
2.72156300
0.00000000
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