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FIG. S1: Optimized structure of the E1 isomer of H1105+ cation calculated at B3LYP /aug-cc-pVTZ level of

theory using Gaussian 09. Atomic coordinates are given in Table S1 below.
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FIG. S2: Static IR spectrum of the E1 isomer of Hy O; cation calculated at the B3LYP /aug-cc-pVTZ level

of theory using Gaussian 09.
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FIG. S3: Comparison between the (dynamic) theoretical (red) and experimental' (black) IR spectra of the
E1 isomer of the Hy;OF cation. Theoretical spectrum was calculated from a 28 ps CP2K AIMD simulation
at 50 K.
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FIG. S4: Optimized structure of the E2 isomer of H1105+ cation calculated at B3LYP /aug-cc-pVTZ level of

theory using Gaussian 09. Atomic coordinates are given in Table S2 below.
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FIG. S5: Static IR spectrum of the E2 isomer of Hy O; cation calculated at the B3LYP /aug-cc-pVTZ level

of theory using Gaussian 09.
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FIG. S6: Comparison between the (dynamic) theoretical (red) and experimental' (black) IR spectra of the
E2 isomer of the Hy;OF cation. Theoretical spectrum was calculated from a 10 ps CP2K AIMD simulation
at 50 K.
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FIG. S7: Optimized structure of the E-Z isomer of HuO;r cation calculated at B3LYP /aug-cc-pVTZ level

of theory using Gaussian 09. Atomic coordinates are given in Table S3 below.
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FIG. S8: Static IR spectrum of the E-Z isomer of HnO; cation calculated at the B3LYP /aug-cc-pVTZ

level of theory using Gaussian 09.
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FIG. S9: Comparison between the (dynamic) theoretical (red) and experimental' (black) IR spectra of the
E-Z isomer of the Hy;0F cation. Theoretical spectrum was calculated from a 28 ps CP2K AIMD simulation
at 50 K.
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E-Z - 1Ar

FIG. S10: Optimized structure of the E-Z - 1Ar isomer of Hy; 05+ - 1Ar cation calculated at B3LYP /aug-cc-

pVTZ level of theory using Gaussian 09. Atomic coordinates are given in Table S4 below.
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FIG. S11: Static IR spectrum of the E-Z - 1Ar isomer of HuO;r - 1Ar cation calculated at the B3LYP /aug-
cc-pVTZ level of theory using Gaussian 09.
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FIG. S12: Comparison between the (dynamic) theoretical (red) and experimental® (black) IR spectra of the
E-Z - 1Ar isomer of the Hy;OF - 1Ar cation. Theoretical spectrum was calculated from a 10 ps CP2K AIMD

simulation at 50 K.



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

14

71

FIG. S13: Optimized structure of the Z1 isomer of H1105+ cation calculated at B3LYP /aug-cc-pVTZ level

of theory using Gaussian 09. Atomic coordinates are given in Table S5 below.
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FIG. S14: Static IR spectrum of the Z1 isomer of H1105+ cation calculated at the B3LYP /aug-cc-pVTZ

level of theory using Gaussian 09.
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FIG. S15: Comparison between the (dynamic) theoretical (red) and experimental® (black) IR spectra of the
71 isomer of the Hy;OF cation. Theoretical spectrum was calculated from a 10 ps CP2K AIMD simulation

at 50 K.
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Z1 - 2Ar

FIG. S16: Optimized structure of the Z1 - 2Ar isomer of H1105+ - 2Ar cation calculated at B3LYP /aug-cc-

pVTZ level of theory using Gaussian 09. Atomic coordinates are given in Table S6 below.
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FIG. S17: Static IR spectrum of the Z1 - 2Ar isomer of H1105+ - 2Ar cation calculated at the B3LYP /aug-
cc-pVTZ level of theory using Gaussian 09.



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

19

3740

71 - 2Ar

1140

” 2890
2683

1723 3469

Absorbance [a.u.]

'

A L W
Ll 1 \_” i i LT I'!. L...‘AL “L \l

|
0 500 1000 1500 2000 2500 3000 3500 4000
Frequency [cm™]

FIG. S18: Comparison between the (dynamic) theoretical (red) and experimental® (black) IR spectra of the
Z1 - 2Ar isomer of the Hy;OF - 2Ar cation. Theoretical spectrum was calculated from a 10 ps CP2K AIMD

simulation at 50 K.
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FIG. S19: OH distances of the hydronium core from a 1 ps segment of our CP2K trajectory of the E1
isomer at 50 K. The dynamics of these three OH distances of the H3O™ core are similar to those of the bare
hydronium, indicating an E-like character of this isomer. Note that these OH distances are slightly longer

than in bare hydronium, due to the presence of the hydrogen bonds.
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TABLE S1: Cartesian coordinates of the local minimum of the E1 of HnO;' shown in Fig. S1, calculated
at B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.
16
E1 isomer, E = -240110.088 kcal/mol

0.685240 1.824101 -0.096417
1.559200 1.411664 0.039634
0.822156 2.693634 -0.492626
0.648722 -1.815520 -0.095391
1.531694 -1.422036 0.039291
0.765467 -2.690152 -0.486716
-3.302621 0.014673 0.449492
-4.133177 0.031634 -0.043041
-3.523698 0.077819 1.387097
2.834521 -0.021980 0.378637
3.622759 -0.031751 -0.183223
3.174967 -0.027739 1.285110
-1.005247 0.019847 -0.707049
-0.422971 0.832742 -0.499208
-0.437809 -0.803974 -0.498630
-1.886691 0.026672 -0.211362

o EFE H om E O FEMHOoOoHm E O H &® O
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TABLE S2: Cartesian coordinates of the local minimum of the E2 isomer of HnOgIr shown in Fig. S4,

calculated at B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.

16

E2 isomer, E = -240110.045 kcal/mol

o EFE H om E O FEMHOoOoHm E O H &® O

-2.083482
-2.236682
-2.166950
-2.248477
-2.422568
-2.945582
-0.775258
-1.261541
-1.375872
3.702193
4.148192
4.351640
1.406024
1.549219
2.263175
0.133552

2.235848
2.809243
2.790431
-2.109136
-2.660076
-2.300925
0.014398
0.886249
-0.787531
-0.064742
-0.811710
0.648066
-0.076262
-0.475952
-0.098027
-0.056416

-0.053275
-0.815574
0.732996
-0.121417
-0.895663
0.518857
-0.288520
-0.158499
-0.195219
-0.472039
-0.890165
-0.425693
0.887978
1.753647
0.392580
0.230914
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TABLE S3: Cartesian coordinates of the local minimum of the E-Z isomer of the Hqy O;‘ cation shown in

Fig. S7, calculated at the B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.

16

E-Z isomer, E = -240106.969 kcal /mol

(0]

O O @m 2 O 0oH =Z Z @HE O O o @ =©

0.000818
-0.830664
-0.144425
0.977012
2.286301
-1.893371
2.902754
2.628278
-2.356076
-2.535113
3.171440
-3.547230
3.787609
3.300396
-3.656598
-4.355437

-1.613090
-1.142143
-1.767786
-1.228835
-0.829836
-0.563861
-1.399092
0.101276
-1.079817
0.079355
1.675050
1.204043
1.986021
2.248357
2.099953
1.003430

-0.399777
0.072809
-1.343329
-0.202704
0.021730
0.766443
0.497232
0.034737
1.438014
0.368032
-0.026572
-0.337844
-0.702245
0.739676
0.005799
-0.826914
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TABLE S4: Cartesian coordinates of the local minimum of the E-Z - 1Ar isomer of the HnO;' - 1Ar cation

shown in Fig. S10, calculated at the B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.

17

E-Z - 1Ar isomer, E = -571147.993 kcal /mol

(0]

O O O 0 £ 2 FE 222 OO O O

=
e

0.002357
2.305985
-1.878789
3.313027
-3.609319
-0.813857
-0.135210
0.978534
2.902967
2.693192
-2.318744
-2.549723
3.960552
3.441074
-3.730698
-4.432092
-0.594466

-1.564603
-0.862442
-0.496166
1.600765
1.132777
-1.091154
-1.642870
-1.218012
-1.461788
0.049760
-0.993765
0.094346
1.877006
2.181277
2.051962
0.870315
-1.773200

-0.381926
0.117417
0.805217
0.053083
-0.406334
0.103900
-1.338757
-0.152203
0.580177
0.123744
1.505314
0.376331
-0.608079
0.813998
-0.135955
-0.838434
-3.742681
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TABLE S5: Cartesian coordinates of the local minimum of Z1 isomer of the HnO; cation shown in Fig. S13,

calculated at the B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.

16

Z1 isomer, E = -240106.982 kcal /mol

O FE R ERHEEDHE & ®QH OO O O O

2.301249
4.000372
6.166513
5.927515
3.315236
3.343034
3.296238
1.579981
6.441000
5.072922
6.847349
6.123587
2.547407
2.814520
3.680895
5.091820

-4.270640
-5.587913
-4.561205
-2.270279
-1.782898
-1.660595
-5.105484
-4.668145
-1.485389
-1.974455
-5.101180
-3.652555
-3.433918
-1.024466
-5.719944
-5.090731

-4.940629
-3.524721
-3.716656
-4.866719
-5.960568
-6.920811
-4.069351
-5.443564
-4.639827
-5.233556
-4.142347
-4.161093
-5.378497
-5.626119
-2.620949
-3.609282
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TABLE S6: Cartesian coordinates of the local minimum of the Z1 - 2Ar isomer of the HgO} - 2Ar cation

shown in Fig. S16, calculated at the B3LYP /aug-cc-pVTZ level of theory using Gaussian 09.

18

Z1 - 2Ar isomer, E = -902274.398 kcal /mol

O R E R E D E &P ®QH OO O O O

= =
= =

2.479048
3.976082
6.229569
6.004760
3.364246
3.347328
3.313283
1.583800
6.516555
5.124279
6.743196
6.174221
2.591322
2.883394
3.764087
5.211631
3.258079
8.181844

-4.404289
-4.893742
-4.323375
-2.251866
-1.803147
-1.735958
-4.799524
-4.693686
-1.453340
-1.987936
-5.011294
-3.482385
-3.515372
-1.029552
-5.653595
-4.661634
-7.577592
-6.752319

-4.956741
-2.850595
-3.522556
-4.983090
-5.953546
-6.916881
-3.587254
-5.158681
-4.817701
-5.310340
-3.971011
-4.103588
-5.330628
-5.633053
-2.295423
-3.206554
-0.708784
-4.955831
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