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Force field parameters for the CrV! anions

In order to simulate the interaction of activated carbon model with Cr¥'ions, force field parameters
have been derived. The molecular-mechanical models for CrV' ions were described by the

following potential function based on general Amber force field (GAFF) parameters [1], [2].

ko
V)= D ks —m)+ D ka(@ =00+ ) =2[1+cos(ng - go)]

bonds angles dihedrals
12 6
+ gill =] —2(=) [+
T\ 1y Ti
lj tj

pairs
Atom-type assignment of Cr(VI) species and their inter-atomic bonding are specified in the
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supplementary Figure S 1 together with the values of the atomic charges gi. The charges were
fitted by RESP method [3] from the electrostatic potential evaluated by density functional theory
(DFT) at PBEO [4] /Aug-CC-pVDZ [5], [6] level on the optimized ionic structures by using
Gaussian 16 package [7]. For the activated carbon molecule, the B3LYP/6-31G* was used. For
the Lennard-Jones-potential parameters R and ¢ were taken from the General Amber Force Field
(GAFF) [1], [2] and applied without any modifications, the binding descriptors ks, ka, kb, ro, ¢,
and ¢o were further refined in order to reproduce DFT vibrational frequencies of the considered
CrV'ions in the vacuum. The final binding parameters are listed in the supplementary Table S 1,
Table S 2, Table S 3, and Table S 4, while the obtained vibrational frequencies are collected in

supplementary Table S 5.



Table S 1. Atomic type parameters: atomic masses [AMU] and Lennard-Jones-potential parameters R [A] and &
[kcal/mol].

Type Mass R £
ho 1.0008 0.0000 0.0000
oc 15.9999 1.6612 0.2100
od 15.9999 1.7210 0.2104
oe 15.9999 1.6837 0.1700
cr 51.9961 1.3440 0.0085

Table S 2. Bond type parameters: harmonic-potential force constant ks [kcal/mol/A?] and equilibrium distance ro [A].

Bond ks ro

od-ho 550.9524 0.9754
cr-oc 324.4167 1.6795
cr-od 231.5857 1.8497
cr-oe 260.1321 1.7946

Table S 3. Valence-angle type parameters: harmonic-potential force constant ks [kcal/mol/deg?] and equilibrium
angle value ¢ [deg].

Angle Ka ™
0c-cr-oc 70.8771 109.471
oc-cr-od 70.8771 109.471
oc-cr-oe 70.8771 109.471
cr-oe-cr 46.7234 154.830
cr-od-ho 34.7476 107.065

Table S 4. Dihedral-angle type parameters: force constant kp [kcal/mol], equilibrium angle value ¢ [deg] and
periodicity n (negative value denotes multi-term potential form).

Dihedral ko & n
oc-cr-od-ho 2.3 180.0 -2
oc-cr-od-ho 1.9 0.0 1
0c-Cr-oe-cr 1.0 180.0 3

Table S 5. Comparison of vibrational frequencies [cm™] of vacuum Cr¥' anions as calculated in DFT (PBEO/Aug-
CC-pVD2Z) and in force field (FF) using the fitted parameters. The frequencies were calculated by the harmonic-
approximation approach from the second derivatives of the total energy with respect to atomic coordinates.

CrO4? HCrO4 Cr0+#
Mode DFT FF DFT FF DFT FF
1 3165 3333  67.1 0.0 154 0.0
2 3166 3333 2511 2900  32.7 0.0
3 3565 3368 2917 2986 392 717
4 3565 3369 3295 3004 2050 2002
5 3567 337.1 3564 3236 2063 2127



6 807.7 691.5 363.9 341.6 210.5 215.0
7 834.0 834.0 623.0 618.8 303.4 300.0
8 834.0 834.1 769.3 748.7 321.4 316.9
9 834.2 834.1 911.8 832.6 358.9 320.6
10 956.7 833.2 358.9 321.4
11 977.3 977.4 361.5 322.3
12 3702.7 3702.7  365.3 327.3
13 366.3 391.8
14 476.6 517.7
15 812.4 714.4
16 883.8 743.9
17 906.0 830.2
18 926.3 831.6
19 931.2 832.2
20 932.2 837.4
21 938.4 938.0

Figure S 1. Atom types (red symbols), atomic point charges (black numbers, atomic units) and indicated inter-atomic
bonding (black lines) in (a) CrO4%, (b) HCrO4, and (c) Cr207% anions.
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Figure S 2. Plot of In(Keq) vs 1/K.
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