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Atomic Cartesian coordinates (in A) of hydrated divalent magnesium clusters 1-17 using

wB97X-D/6-311++G(d,p) level of theory.
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0 0.00000 0.00000 -1.01353
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0 0.00000 0.00000 -1.97219
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H 0.54902 -0.54551 2.56017
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Mg 0.00000 0.00000 0.00000

[Mg(H20)31*", 3

0 1.82696 0.80451 -0.00015
H 2.12017 1.59129 0.48370
H 2.60440 0.48834 -0.48464
0 -1.61021 1.17995 -0.00015
H -2.43818 1.04048 0.48370
H -1.72511 2.01131 -0.48464
0 -0.21676 -1.98445 -0.00015
H -0.87929 -2.49965 -0.48464
H 0.31801 -2.63177 0.48370
Mg 0.00000 0.00000 0.00054
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[Mg(H,0)6]*", 6

0 1.82696 0
H 2.12017 1
H 2.60440 0.
0 -1.61021 1
H -2.43818 1
H -1.72511 2
0 -0.21676 -1
H -0.87929 -2.
H 0.31801 -2.
Mg 0.00000 0.

[Mg(H20)5-(H,0)1**, 7

0 1.08122 -1.
H 2.00140 -0.
H 1.11562 -2.
0 3.30998 0
H 3.89151 0
H 3.89130 0
0 0.85131 1.
H 1.81540 1
H 0.71719 2
0 -2.10813 1
H -2.49313 1.
H -2.49446 1.
0 -1.31366 -0.
H -0.78878 1.
H -2.23637 -0.
Mg -0.53878 -0.

0 -1.31230 -0.
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TABLE S1. Cumulative k“ values and two differently averaged (weighted) BE values for clusters 1-17

# kffum” explicit (mdyn/z&) BE (kcal/mol) | BE = of 2nd shell H,O (kcal/mol) | BE - total water (kcal/mol)
1 1.748 -75.595 -75.595 -75.595
2 3.272 -143.372 -143.372 -71.686
3 4.026 -198.088 -198.088 -66.029
4 4.776 -243.485 -243.485 -60.871
5 4.377 -275.652 -275.652 -55.130
6 4.332 -305.297 -305.297 -50.883
7 4.617 -300.834 -300.834 -50.139
8 5.388 -324.944 -162.472 -46.421
9 5.669 -345.949 -115.316 -43.244
10 5.944 -365.531 -91.383 -40.615
11 6.316 -382.337 -76.467 -38.234
12 9.788 -478.727 -39.894 -28.160
13 4.644 -326.223 -326.223 -46.603
14 5.191 -347.678 -173.839 -43.460
15 5.492 -368.393 -122.798 -40.933
16 5.616 -368.631 -92.158 -36.863
17 9.941 -504.86 -42.072 -28.048
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Atom # Charge (e)

0 1 -0.60025
H 2 036906
. H 3 036906
3 Mg 4 186213
[Mg(H,0)]** (Cy,)
1

Atom # Charge (e)
O 1 -0.57770
H 2 0.35527
H 3 0.35527
O 4 -057770
H 5 0.35527
H 6 0.35527
Mg 7 173432
[Mg(H,0),]%* (D)
2

Atom # Charge (e)
O 1 -0.56077
H 2 0.33737
H 3 0.33727
O 4 -0.56077
H 5 0.33737
H 6 0.33727
O 7 -056077
H 8 0.33727
H 9 0.33737

Mg 10 1.65840

[Mg(H,0)3]** (D3)
3

FIG. S1. NBO charges for [Mg(HZO)n]2+ (n = 1-3) clusters (1-3).
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[Mg(H,0),]%* (S,)
4

[Mg(H,0)s]?* (Cy)
5

[Mg(H,0)e]** (Oy)
6

Charge (e)
-0.54545
0.32159
0.32146
-0.54545
0.32159
0.32146
-0.54545
0.32159
0.32146
-0.54545
0.32159
0.32146
1.60958

Atom # Charge (e)
1 -0.52578

2 0.29987
3 0.30239
4 -0.52990

5 0.30661
6 0.30661
7 -0.52578

8 0.30239
9 0.29987
10 -0.52990
11 0.30661
12 0.30661
13 -0.53301
14 0.30801
15 0.30801
1.59741

ITOIIOITIOIIOT

<
Q
N
o

Charge (e)
-0.51598
0.29263
0.29263
-0.51598
0.29263
0.29263
-0.51598
0.29263
0.29263
-0.51598
0.29263
0.29263
-0.51598
0.29263
0.29263
-0.51598
0.29263
0.29263
1.58430

FIG. S2. NBO charges for [Mg(HZO)n]2+ (n = 4-6) clusters (4-6).




Atom # Charge (e)
O 1 -0.55422
H 2 0.30679
H 3 0.28784
O 4 -0.44101
H 5 0.26504
H 6 0.26504
O 7 -0.55767
H 8 0.31175
H 9 0.29282
O 10 -0.52062
H 11 0.29730
H 12 0.29730
O 13 -0.52589
H 14 0.30263
HS H 15 0.30410
Mg 16 1.58794
O 17 -0.52590
H 18 0.30411
H 19 0.30264

[Mg(H,0)s]**®H,0 (Cy)

7

Atom # Charge (e)

Mg 1 1.58076
O 2 -0.54907
H 3 0.30295
H 4 0.28468
O 5 -0.54910
H 6 0.30297
H 7 0.28469
O 8 -0.55330
H 9 0.30883
H 10 0.29040
O 11 -0.52146
H 12 0.29999
H 13 0.29999
O 14 -0.55328
H 15 0.29041
H 16 0.30883
O 17 -0.43972
H 18  0.26297
H 19  0.26259
O 20 -0.43971
H 21  0.26259
H 22 0.26298

H22

[Mg(H,0)s]**®2(H,0) (C,)
8

FIG. S3. NBO charges for [Mg(HZO)n]zJr —m(H,0) (n =35, m =1 and 2) clusters (7 and 8).

19



Atom # Charge (e)
N

Mg

O 2 -0.54579

H 3 0.28340
H 4 0.30029
O 5 -0.56053

H 6 0.29271

H 7 0.29268

O 8 -0.55051

H 9 0.28624

H 10 0.30642
O 11 -0.54903
H 12 0.28969
H 13 0.30614
O 14 -0.55045
H 15 0.28624
H 16 0.30639
O 17 -0.43856
H 18 0.25963
H 19 0.25962
O 20 -0.43814
H 21 0.25747
H 22 0.25700
O 23 -043814
H 24 0.25749
H 25 0.25700

H19

H22

[Mg(H,0)s]?3(H,0) (C,)
9

Atom # Charge (e)

- Has ) > 0 1 -056946
H 2 029758

H 3 029754

Mg 4 156273

0O 5 -0.51585

H 6 029535

H 7 029534

0 8 -0.56949

H 9 029755

H 10 0.29760

0 11 -0.56328

H 12 029339

H 13 029334

0 14 -0.43648

H 15 0.25085

H 16 025170

0 17 -0.43647

H 18 0.25168

H 19 0.25085

0 20 -0.43647

H 21 0.25085

H 22 025168

1 0 23 -0.56324

18 H 24 029337
H 25 029332

e 0 26 -0.43647

H 27 025084

[Mg(H,0)s]*®4(H,0) (C,) Ho 28 025168

10

FIG. S4. NBO charges for [Mg(HzO)n]H—m(HZO) (n=5, m =3 and 4) clusters (9 and 10).
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& Atom # Charge (e)

O 1 -0.56458
H 2 026746

H 3 031897

Mg 4 1.55978

O 5 -0.55830
H 6 0.289%4
H 7 0.28958

O 8 -0.55925
H 9 029178

H 10 0.29179
O 11 -0.56546
H 12 0.29437
H 13 0.29435
O 14 -0.56533
H 15 0.29433
H 16 0.29426
O 17 -0.43498
H 18 0.25015
H 19 0.24930
O 20 -0.43481
H 21 0.24970
H 22 0.24919
O 23 -0.43480
H 24 0.24970
H 25 0.24919
O 26 -0.43498
H 27 0.24928
H 28 0.25014
0 29 -0.42981
H 30 0.24966
H 31 0.24967

H28.

H27.

[Mg(H,0)s]**®5(H,0) (C,)
11

Atom # Charge (e)

. Mg 1.55654
-0.57207
-0.57273

1

2

3

4 -0.57726
5 -0.57936
6 -0.57388
35 -0.46829
36 -0.45309
37 -0.45935
38 -0.45794
39 -0.45455
40 -0.45777

[eNeNeNeoNoNoNoNoNoNoXo)

» i %
[Mg(H,0)s]**#12(H,0) (C,) i)
12

FIG. S5. NBO charges for [Mg(HzO)n]2+ —m(H,0) (n =35, m =5 and 12) clusters (11 and 12).
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Atom # Charge (e)
1.57950
-0.51176
0.29105
0.28742
-0.50795
0.28679
0.28800
-0.54463
0.28053
0.30000
-0.50830
0.28822
0.28716
-0.54147
0.28027
0.29785
-0.43880
0.25993
0.25994
-0.51191
0.28906
0.28912

BoVvNOUAUNR

=
[N

NNRBRR PR R
RPOWVWKNOU AW

ITOIIOIIOIIOIIOIIOIIOWV
-
N

N
N

[Mg(H,0)¢]**®H,0 (C,)
13

Atom # Charge (e)
1.57331
-0.54309
0.29832
0.27765
-0.50330
0.28375
0.28375
-0.54309
0.27765
0.29832
-0.50330
0.28375
0.28375
-0.55878
0.29039
0.29039
-0.43677
0.25452
0.25451
-0.43677
0.25452
0.25451
-0.50962
24 0.28783
25 0.28783

BOVoNOUAWN R

B
N 2

NNNNR R R R R R
WNRPOWVW®ONOGOU A

ITOIIOIIOIIOIIOIIOIITOIIONL
=
w

[Mg(H,0)¢]**®2(H,0) (C,)
14

FIG. S6. NBO charges for [Mg(HzO)n]2+—m(H20) (n=6, m =1 and 2) clusters (13 and 14).
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25 Atom # Charge (e)
1 -0.53251
2 0.27350
3 0.29449
4 -0.53242
5 0.29445
6 0.27349
7 -0.53245
8 0.29447
9 0.27349

10 1.56840

11 -0.53254

12 0.27352

13 0.29452

14 -0.53248

15 0.29448

16 0.27347

17 -0.53250

18 0.27349

19 0.29450

20 -0.43614

21 0.25452

22 0.25449

23 -0.43614

24 0.25451

25 0.25451

26 -0.43614

27 0.25451

28 0.25451

<

K—s
M
IITIOIIOIIOIIOIIOIIOOIIOIIOIIO

[Mg(H,0)4]?*®3(H,0) (C,)
15

30 Atom # Charge (e)
1 -0.49836
2 027899
3 0.27900
4 -0.55259
5 0.28785
6 0.28788
7 1.56068
8 -0.55258
9 0.28788
10 0.28788
11 -0.49827
12 0.27892
13 0.27891
14 -0.55260
15 0.28786
16 0.28786
17 -0.55247
18 0.28778
19 0.28779
20 -0.43406
21 0.24546
22 0.24545
23 -0.43405
24 0.24547
25 0.24548
26 -0.43405
27 0.24549
28 0.24548
29 -0.43405
30 0.24548
31 024549

[Mg(H,0)¢]* ®4(H0) (Cy)
16

IIOIIOIIOIIOIIOIIOIIOIIOEIIOIIO

FIG. S7. NBO charges for [Mg(HZO)n]2+—m(H20) (n =6, m =3 and 4) clusters (15 and 16).
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Atom # Charge (e)
1 155497
2 -0.55525
3 -0.55537
4 -0.55526
5 -0.55526
6 -0.55525
7 -0.55537
20 -0.45489
21 -0.45622
22 -0.45485
23 -0.45629
24 -0.45484
25 -0.45623
38 -0.45484
39 -0.45623
40 -0.45489
41 -0.45622
42 -0.45485
43 -0.45629

OOOOOOOOOOOOOOOOOOE

[Mg(H,0)c]**®12(H,0) (C,)
17

FIG. S8. NBO charges for the [Mg(H20)6]2+—12(H20) cluster (17).
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