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Supplementary Materials: Non-Covalent Interactions
Involving Alkaline-Earth Atoms and Lewis Bases B: An ab
Initio Investigation of Beryllium and Magnesium Bonds,
B-*MR2 (M = Be or Mg, and R =H, F or CH3)

Ibon Alkorta and Anthony C. Legon
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Fig. S1. Molecular electrostatic surface potentials of the linear, non-polar molecules, MgF> MgH> and Mg(CHzs)2
calculated at the 0.001 e bohr electron density isosurface at the CCSD/aug-cc-pVTZ//CCSD(T)/aug-cc-pVTZ level
of theory. The surface has been cut away to reveal the molecular model within. The most intense blue (and
therefore the most electrophilic) belts centred on Be correspond to positive electrostatic potential energies of 753,
321 and 280 k] mol-! for MgF», MgH2 and Mg(CHs)2, respectively, and confirm expectations based on the inductive
effects of CHs and F relative to H.
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Table S1. Optimized geometry, electronic energy and Variation of the energy E(r-re) as a function of the
displacement (r-re) from the global minimum at re at the CCSD(T)/aug-cc-pVTZ computational level.

BeH, complexes

Optimized geometry and energy at CCSD(T)/aug-cc-pVTZ

Variation of the energy E(r-r.) as a function of the

level. displacement (r-re) from the global minimum at re
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BEFZ
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E(r-r.)/ (kJ/mol)

16
14
12
1.0
08
06
0.4
02

¥ =-252.3%% + 109.4%* + 0.0125x - 0.0038
R*=0.9999

»

P

. .
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BE(CHs)z
CCSD(T)/AVTZ ENERGY=-94.37442242
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-2.1048814395

OC"‘BE(CHg)z
CCSD(T)/AVTZ ENERGY=-207.53955461

Be

C
C
H
H
H
H
H
H
C
)

0.0000000000
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0.0000000000
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-0.9135762734
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H 2.1910994420  -0.8998152637  -1.0816211332 R N »

H 2.2079327820  0.8494726269  -0.9790310529 o . *

H -1.8148346213  0.0658795057  -2.5054517504 oo —e

H -2.1910994420  -0.8998152637  -1.0816211332 01

H -2.2079327820  0.8494726269  -0.9790310529 R S
P 0.0000000000  -0.0055786214  1.4730392077

H 0.0000000000  1.2845638877  2.0499158640

H

H

-0.5316577591
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2.2413366937
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HzS"'BE(CHa)z

CCSD(T)/AVTZ ENERGY=-493.32223054

Be 0.0000000000
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0.0000000000
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0.0045264726
-0.0043719212
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0.0812898474
-0.9314600767
0.8152615648

0.0812898474
-0.9314600767

0.8152615648
0.0565185481
-0.8320852770
-0.8320852770

-0.9560950439
-1.3735741662
-1.3735741662
-2.4536109430
-1.0554770868
-0.9035691401
-2.4536109430
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-0.9035691401
1.4681921809
1.7052826910
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E(r-r.)/ (kJ/mol)

0.15
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R*=0.9999
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MgHz

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
H 0.0000000000
H 0.0000000000

-200.81325416

0.0000000000
0.0000000000
0.0000000000

0.0000000000
1.7133968314
-1.7133968314

OC"‘MgHz

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
H 0.0000000000

-313.98309809

0.0000000000
1.7067287175

-1.6483382733
-1.8742958729

E(r-r.)/ (ki/mol)
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0.6
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0.4
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»
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C 0.0000000000  0.0000000000  0.9191045057 01

0 0.0000000000  0.0000000000  2.0501926997 o
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CCSD(T)/AVTZ ENERGY=-257.32423556 "f ¢ v-asseo 1sseci0se9 000

Mg  0.0001385776  0.0000000000  -0.8844900006 _ o,

H  -0.0001997936  1.6899060247  -1.3045929351 5 .

H -0.0001997936  -1.6899060247  -1.3045929351 3

N -0.0011742249  0.0000000000  1.3486389753 T * .«

H -0.4634718582  0.8201561397  1.7316107168 ! e

H  -0.4634718582  -0.8201561397  1.7316107168 Yo a1 aom b s a1 o

H 0.9403191631  0.0000000000  1.7329715297 (e A

H,0---MgH, ;

CCSD(T)/AVTZ ENERGY=-277.18165798 " «  vTI3Ue 20740408938 00054

Mg  -0.0000815477  0.0000000000 -0.8679434273 ;_ ]j ) »

H -0.0025975048  1.7026230508  -1.2063821241 . P

H -0.0025975048  -1.7026230508  -1.2063821241 % os » o

0 0.0023374113  0.0000000000  1.2428971472 0 b

H -0.0149705854  0.7793199973  1.8064954170 o o o o o o1 on

H -0.0149705854  -0.7793199973 1.8064954170 (rrch A

H3P"'MgHz 08
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I T T 9 I I
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HzS"'MgHz '
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)
= @
Py

o o oo
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A

E
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CCSD(T)/AVTZ ENERGY=-399.29088334

Mg 0.0000000000 0.0000000000 0.0000000000

F 0.0000000000 0.0000000000 1.7626908782

F 0.0000000000 0.0000000000  -1.7626908782
OC:--MgF, 140 y=-20412%+ 119,53 0.7177x - 0.0027

CCSD(T)/AVTZ ENERGY=-512.46879614

Mg 0.0000000000
F 0.0000000000
F 0.0000000000
C 0.0000000000
0] 0.0000000000

0.0000000000
1.7530317629
-1.7530317629
0.0000000000
0.0000000000

-0.8299221439
-1.0986331646
-1.0986331646

1.5658763582
2.6943552875

0.15

0.1

Ri=1

»

0.05 0 0.05 0.1
(r-re). A

015

CCSD(T)/AVTZ ENERGY=-492.60296586

0.0000000000
1.7281061833
-1.7281061833
0.0000000000
0.0000000000
0.0000000000

-0.6552219839
-1.0873662492
-1.0873662492

1.5228081997
2.6756372525
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E(r-r.)/ (ki/mol)

n

-
o

=]
xn

o
o

y =-382.8x + 218.96x7 + 0.4017x- 0.0048

R*=1

005 0 005 01
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HCN---MgF»

Mg 0.0000000000
F 0.0000000000

F 0.0000000000
N 0.0000000000
C 0.0000000000
H 0.0000000000
H3N"'Mng

CCSD(T)/AVTZ ENERGY=-455.81592664

Mg -0.2666250748
F -0.8827145219
F -0.5139304025
N 1.8718592830
H 2.0541049056
H 2.3440878070
H

2.3440480420

-0.0000607359
0.0000317761
0.0000325483
0.0000124615
0.0000810556
-0.8102195975
0.8102174955

-0.0507582028
1.6282492252
-1.8190746964
0.2724618193
1.2727450269
-0.1190445670
-0.1191484431

E(r-r.)/ (ki/mol)

y = -433.54x7+ 271.62x% + 0.4163x - 0.005
R*=1

005 0 005 01
(rre) A

HzO"'Mng

CCSD(T)/AVTZ ENERGY=-475.67144873

-0.3066007384
F -0.6584453172

F -0.6584453172
0] 1.7397577314
H

H

Mg

2.2995764025
2.2995764025

0.0012974939
-0.0008611588
-0.0008611588

0.0016303809
-0.0123516392
-0.0123516392

0.0000000000
1.7482003808
-1.7482003808
0.0000000000
0.7815667200
-0.7815667200

E(r-r.)/ (ki/mol)

4.00
350
3.00
250
2.00
150
1.00
0.50
0.00
0.50

0.15

0.1

=-543.78x% + 204.1x% + 0.8481x- 0.0074
R*=1

<

0.05 0 0.05 01

H3P"'Mng

CCSD(T)/AVTZ ENERGY=-742.00834965

Mg 0.0000000000
F 0.0000000000
F 0.0000000000
P 0.0000000000
H -1.0596288625
H 1.0596288625
H

0.0000000000

0.0762914255
1.8575506222
-1.5552805510
-0.2225284689
0.3831938643
0.3831938643
-1.4652074358

-0.8307108802
-0.8309558773
-1.5363187984

1.8553180405

2.5598309440

2.5598309440
2.5183825734

re)/ (kl/mol)

(r

1.60
140
1.20
1.00
0.80
0.60

8

0.20
0.00
0.20

0.15

0.1

y=-183.77x%+ 126.34x? + 0.4004x - 0.0071
RZ=1

0.05 0 0.05 01
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HzS"'Mng
CCSD(T)/AVTZ ENERGY=-798.25402967
Mg 0.0255280730 0.0000000000

F -0.0168552579 1.7476604000
F -0.0168552579  -1.7476604000
S 0.0540354892 0.0000000000
H -0.8494511738 0.9827731535
H -0.8494511738  -0.9827731535

-0.8030954692
-1.1335192880
-1.1335192880
1.8276366528

1.9819219274

1.9819219274

E(r-r.)/ (ki/mol)

160
140
1.20
1.00
0.80
0.60
0.40
0.20
0.00
0.20

0.15

& ¥7-20072¢+132.50x+0.8136x- 0.0021
\ R2=1
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$12/51 3
Mg(CHs). complexes
Mg(CHa)z
CCSD(T)/AVTZ ENERGY=-279.31929961
Mg 0.0000000000 0.0000000000 0.0000000000

C 0.0000000000
C 0.0000000000
H 1.0169598583
H -0.5084799291
H -0.5084799291
H -1.0169598583
H 0.5084799291
H 0.5084799291

0.0000000000
0.0000000000
0.0000000000
0.8807130719
-0.8807130719
0.0000000000
-0.8807130719
0.8807130719

2.1049185670
-2.1049185670
2.5154878600
2.5154878600
2.5154878600
-2.5154878600
-2.5154878600
-2.5154878600

OC'"Mg(CHs)z

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
C 0.0000000000
C 0.0000000000
H 0.0000000000
H 0.8790872832
H -0.8790872832
H 0.0000000000
H -0.8790872832
H 0.8790872832
C 0.0000000000
0] 0.0000000000

-392.48859508

0.0000000000
2.0974788967
-2.0974788967
2.4134895570
2.5623471251
2.5623471251
-2.4134895570
-2.5623471251
-2.5623471251
0.0000000000
0.0000000000

-1.0165206286
-1.2556066805
-1.2556066805
-2.3056892336
-0.7889895170
-0.7889895170
-2.3056892336
-0.7889895170
-0.7889895170
1.5920030095

2.7236132978

E(r-r.)/ (kJ/mol)

=]
o

in

=]
=

o
w

=]
~

y=-75 404x% + 41.437x? + 0.0041x - 0.0009
* RE=1

»

HCN---Mg(CHs).

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
C 0.0000000000
C 0.0000000000
H 0.0000000000
H 0.8783161484
H -0.8783161484
H 0.0000000000
H -0.8783161484
H 0.8783161484
N 0.0000000000
C 0.0000000000
H 0.0000000000

-372.61802729

0.0000000000
2.0728385186
-2.0728385186
2.2898716379
2.5832518663
2.5832518663
-2.2898716379
-2.5832518663
-2.5832518663
0.0000000000
0.0000000000
0.0000000000

-0.7862510698
-1.2319497597
-1.2319497597
-2.3075061251
-0.8118096608
-0.8118096608
-2.3075061251
-0.8118096608
-0.8118096608

1.4991220586
2.6540452908
3.7233522012

H3N"'Mg(CH3)z

CCSD(T)/AVTZ ENERGY=

Mg 0.0017920165
N -0.0013642919
H 0.9387308851
C -0.0007886023
C -0.0007886023
H 0.0307524084
H -0.8961586509
H 0.8586754609

-335.82801800

-0.3347546874
1.9101101150
2.2976389143

-0.8316688403
-0.8316688403
-1.9114449100
-0.4552624626
-0.3997971515

0.0000000000
0.0000000000
0.0000000000
2.0694264295

-2.0694264295
2.2624470007
2.5863112966
2.6033131468

0.1
0.0 ’\-1,,, ¥
0.1
0.15 0.1 0.05 0 0.05 01 0.15
(r-r), A
16
14 * y =-231.26x% + 123.75x + 0.0354x - 0.0029
\ RE=1
© \ *»
g2 10 1
S o8 Y
= N\ /
=06 \ #
Lo04 N, 4
= * /
fre
02 \ B .-’
00 e
0.2
0.15 0.1 0.05 0 0.05 01 0.1
(r-r), A
25
4 v=-307.00¢+ 184.08x* + 0.0032x- 0.0036
20 Ri=1
g \ »
g 15
) * 4
10 & &
=
s 05 * &
0.0 *. +'

015

0.1 0.05 "] 0.05 0.1
(rr.). A

015
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0.0307524084
-0.8961586509
0.8586754609
-0.4653639558
-0.4653639558

I T T T T

-1.9114449100
-0.4552624626
-0.3997971515
2.2924386295
2.2924386295

-2.2624470007
-2.5863112966
-2.6033131468
-0.8196053667
0.8196053667

HzO"'Mg(CHs)z

CCSD(T)/AVTZ ENERGY=

Mg -0.0003626328
-0.0004360469
0.0002616463
0.0002616463
-0.0032925219
-0.8767826686
0.8813725937
-0.0032925219
-0.8767826686
0.8813725937
0.0034176648
0.0034176648

T T T T T T ITXITOOO

-355.68553896

-0.3680007417
1.7559539941
-0.7770213721
-0.7770213721
-1.8499251660
-0.3528187245
-0.3590761993
-1.8499251660
-0.3528187245
-0.3590761993
2.3215553384
2.3215553384

0.0000000000
0.0000000000
2.0842123015

-2.0842123015
2.3143511764
2.5941028601
2.5922569986

-2.3143511764

-2.5941028601

-2.5922569986

-0.7780898608

0.7780898608

E(r-r.)/ (kJ/mol)

~
n

[t
=1

[t
wn

=)

o
n

t_ y =-374.09¢ + 192.8x% + 0.0126x- 0.0051

R?=1

H3P"'Mg(CH3)z

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
P 0.0000000000
H 0.0000000000
C 2.0911409331
C -2.0911409331
H 2.3675070497
H 2.5755624613
H 2.5724091784
H -2.3675070497
H -2.5755624613
H -2.5724091784
H -1.0563032892
H 1.0563032892

-622.02616478

-0.0107085779
-0.0033340468
1.2580168360
0.0067193865
0.0067193865
0.0487479315
-0.8880075283
0.8686106313
0.0487479315
-0.8880075283
0.8686106313
-0.5580921495
-0.5580921495

-1.0221501134
1.8695628503
2.5083505646
-1.3488034791
-1.3488034791
-2.4095331425
-0.9338556271
-0.8658989480
-2.4095331425
-0.9338556271
-0.8658989480

2.6261864328

2.6261864328

HzS"'Mg(CHg)z

CCSD(T)/AVTZ ENERGY=

Mg 0.0000000000
S 0.0000000000
C 2.0930648106
C -2.0930648106
H 2.3810493479
H 2.5471478326
H 2.5966942350
H -2.3810493479
H -2.5471478326
H -2.5966942350
H -0.9780272129
H 0.9780272129

-678.27189066

0.0160785449
0.0551831617
-0.0134822421
-0.0134822421

0.0625632467
-0.9398267029
0.8123204204
0.0625632467
-0.9398267029
0.8123204204
-0.8458704933
-0.8458704933

-0.9765703278
1.8315786997
-1.2885930713
-1.2885930713
-2.3442075636
-0.9091321809
-0.7671749069
-2.3442075636
-0.9091321809
-0.7671749069

2.0212445876
2.0212445876

0.0
0.1

0.15

0.1 0.05 0 0.05 0.1

00 e
05
0.15 04 0.05 0 0.05 0.1 0.4
(r-r), A
0.7 .
06 \ y:-HLJ.h/Ihl‘+ 56.75x%- 0.0252x - 0.0007
R =1
Z 05 »
£ o4 ‘_‘ /
) X /
03 \ &
= 02 .x’ y
T o4 . ) #
" pe
0.0 -~
01
0.15 0.1 0.05 0 0.05 01 0.15
(r-re), A
08
07 ' ¥ =-97.959 + 62.39x7- 0.012x- 0.0008
06 \ RE=1
3 *
2 os ]
S 04 %
= 03 AN #
L o02 yd
= . .
w \ ¥
01 . s
* &

0.15
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