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S1. Graphic representations  

This section contains supporting figures and graphs mentioned in the main text of the article. 

 

Figure S1 Water-water contacts in the CSD structures. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. a) The plots of the distance dOH (Figure 

2) versus the angle α (Figure 2) for all attractive (6729) and all repulsive (2616) water-water contacts 

found in CSD. b) Graphical representations of water-water contacts corresponding to a. In the graphical 

representations of water-water contacts, one water molecule was positioned in the center (shown in dark 

gray licorice) and the other water molecule from every water-water contact is shown in the color 

representing the energy of the interaction.  
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Figure S2 Water-water contacts in the CSD structures. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. a) The plots of the distance dOH (Figure 

2) versus the angle α (Figure 2) for attractive (4717) and repulsive (458) contacts of classical hydrogen 

bonds found in CSD after applying criteria: dOH ≤ 3.0 Å and α ≥ 120° (Figure 4). b) Graphical 

representations of water-water contacts corresponding to a. In the graphical representations of water-

water contacts, one water molecule was positioned in the center (shown in dark gray licorice) and the 

other water molecule from every water-water contact is shown in the color representing the energy of 

the interaction. 
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Figure S3 The distribution of interaction energies of classical hydrogen bonds found in CSD after 

applying criteria: dOH ≤ 3.0 Å and α ≥ 120° (Figure 4), a) 4717 attractive and b) 458 repulsive contacts, 

calculated at CCSD(T)/CBS level of theory. The distribution corresponds to the structures shown in 

Figure S2. 

 

Figure S4 The distribution of attractive (blue) and repulsive (red) interaction energies for various 

torsion angle THOHO (Figure 2) values, of antiparallel interactions found in CSD after applying criteria: 

β1, β2 ≥ 160°. The interaction energies were calculated at CCSD(T)/CBS level of theory. 
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Figure S5 The distribution of attractive (blue) and repulsive (red) interaction energies for various 

angle α (Figure 2) values, of antiparallel interactions found in CSD after applying criteria: β1, β2 ≥ 160° 

and THOHO > 40°. The interaction energies were calculated at CCSD(T)/CBS level of theory. 
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Figure S6 Water-water contacts in the CSD structures. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. a) The plots of the distance dOH (Figure 

2) versus the angle α (Figure 2) for attractive (1282) and repulsive (50) contacts of antiparallel 

interactions found in CSD after applying criteria: β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40° (Figure 

4). b) Graphical representations of water-water contacts corresponding to a. In the graphical 

representations of water-water contacts, one water molecule was positioned in the center (shown in dark 

gray licorice) and the other water molecule from every water-water contact is shown in the color 

representing the energy of the interaction. 
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Figure S7 The distribution of interaction energies of antiparallel interactions found in CSD after 

applying criteria: β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40° (Figure 4), a) 1282 and b) 50 repulsive 

contacts, calculated at CCSD(T)/CBS level of theory. The distribution corresponds to the structures 

shown in Figure S4. 
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Table S1 Results of the SAPT analysis on some of the geometries of water-water contacts belonging 

to the group of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure 4). 

Refcode CCSD(T)/CBS[a] Electrostatics[a] Exchange[a] Induction[a] Dispersion[a] 
Net 

Dispersion[a] 

Total 

SAPT2+3[a] 

KEFTUN -3.50 -6.00 5.64 -0.98 -2.13 3.51 -3.47 

OFUDAW -2.51 -2.18 0.39 -0.16 -0.55 -0.17 -2.51 

AJIXOG -2.50 -2.19 0.70 -0.21 -0.77 -0.08 -2.48 

HEGTOE -1.51 -1.62 1.00 -0.16 -0.75 0.25 -1.53 

RAXDEA -1.50 -1.74 1.58 -0.26 -1.02 0.56 -1.44 

ECUYEJ -1.49 -1.85 1.45 -0.20 -0.92 0.53 -1.52 

SOGCEX -1.49 -1.39 0.53 -0.10 -0.55 -0.02 -1.51 

BATFAD -1.00 -0.81 0.96 -0.23 -0.83 0.13 -0.91 

HELLIW -0.97 -2.24 2.88 -0.33 -1.34 1.54 -1.03 

OFOGOH01 -0.50 -0.23 0.10 -0.07 -0.28 -0.18 -0.48 

HADDUM -0.49 -4.45 9.99 -2.60 -3.51 6.48 -0.56 

UCUQOZ -0.49 -0.46 1.13 -0.18 -0.90 0.23 -0.42 

WIKSUH -0.48 -0.33 0.21 -0.06 -0.30 -0.09 -0.49 

[a] All energies are in kcal/mol 
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Table S2 Geometric parameters (Figure 2) of selected geometries (Tables 1 and S1) of water-

water contacts belonging to the group of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and 

THOHO > 40°, Figure 4). 

Refcode 

ΔE 

[kcal/mol] 

dOO 

[Å] 

dOH 

[Å] 

dHH 

[Å] 

α 

[⁰] 

Pa/Pb 

[⁰] 

THOHO 

[⁰] 

β1 

[⁰] 

Β2 

[⁰] 

Ref. 

IGOLEX -4.65 2.885 2.336 2.136 113.91 0.00 127.41 180.00 70.25 1 

QICTAY -4.04 2.845 2.232 1.961 118.62 0.00 102.88 180.00 72.68 2 

GITHUP -3.52 2.906 2.575 2.605 99.35 0.00 164.06 180.00 70.47 3 

KEFTUN -3.50 2.91 2.433 2.313 108.82 0.00 103.25 180.00 70.56 4 

CARNEO -3.03 2.984 2.68 2.727 97.91 0.00 173.86 180.00 74.57 5 

XECJEU01 -3.01 3.294 2.79 2.587 112.03 0.00 174.88 180.00 69.99 6 

OFUDAW -2.51 3.415 3.015 2.913 105.39 0.00 153.12 180.00 69.31 7 

AJIXOG -2.50 3.166 2.858 2.879 98.79 0.00 179.77 180.00 80.30 8 

HUBGAO -2.00 3.249 3.024 3.115 94.07 0.00 151.90 180.00 69.98 9 

TEQKOQ -2.00 3.781 3.13 2.696 124.41 0.00 101.40 180.00 69.58 10 

KUXTAZ -1.98 3.132 2.798 2.772 100.33 0.00 76.02 80.16 180.00 11 

AQMLCO -1.72 3.167 2.884 2.923 97.34 0.00 80.47 77.36 180.00 12 

HEGTOE -1.51 3.414 3.135 3.158 97.77 0.00 80.16 180.00 74.33 13 

RAXDEA -1.50 3.389 2.843 2.578 115.41 0.00 62.96 180.00 67.43 14 

ECUYEJ -1.49 3.293 3.058 3.08 94.82 0.00 80.54 76.39 180.00 15 

SOGCEX -1.49 3.634 3.334 3.17 99.54 0.00 69.49 79.74 180.00 16 

BATFAD -1.00 3.048 3.032 3.326 81.55 0.00 179.36 180.00 72.49 17 

PASPOR -1.00 3.499 3.368 3.307 89.26 0.00 77.65 72.15 180.00 18 

OCIDAI -1.00 3.932 3.67 3.668 97.90 0.00 88.94 180.00 72.43 19 

HELLIW -0.97 3.054 2.942 3.013 86.91 0.00 84.81 81.59 180.00 20 

OFOGOH01 -0.50 3.656 3.627 3.862 83.82 0.00 177.48 180.00 68.79 21 

HADDUM -0.49 2.782 2.017 1.539 132.12 0.00 174.93 180.00 68.89 22 

UCUQOZ -0.49 3.503 3.033 2.638 110.23 0.00 45.82 74.33 180.00 23 

WIKSUH -0.48 3.806 3.771 3.955 84.47 0.00 95.17 73.11 180.00 24 
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Figure S8 Water-water contacts in the CSD structures. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. a) The plots of the distance dOH (Figure 

2) versus the angle α (Figure 2) for attractive (51) and repulsive (6) contacts of a small overlap of the 

two sets, the set of classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure 4) and the set of 

antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure 4). b) Graphical 

representations of water-water contacts corresponding to a. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. In the graphical representations of 

water-water contacts, one water molecule was positioned in the center (shown in dark gray licorice) and 

the other water molecule from every water-water contact is shown in the color representing the energy 

of the interaction. 
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Figure S9 Water-water contacts in the CSD structures. Colors correspond to interaction energies, 

blue (attractive) and red (repulsive), as was shown by the scale. a) The plots of the distance dOH (Figure 

2) versus the angle α (Figure 2) for attractive (780) and repulsive (2122) contacts found in CSD 

remained after applying all criteria used to define groups: of majority classical hydrogen bonds (dOH ≤ 

3.0 Å and α ≥ 120°, Figure 4) and of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO 

> 40°, Figure 4). b) Graphical representations of water-water contacts corresponding to a. In the 

graphical representations of water-water contacts, one water molecule was positioned in the center 

(shown in dark gray licorice) and the other water molecule from every water-water contact is shown in 

the color representing the energy of the interaction. 
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Figure S10  The distribution of interaction energies of water-water contacts found in CSD remained 

after applying all criteria used to define groups: of majority classical hydrogen bonds (dOH ≤ 3.0 Å and 

α ≥ 120°, Figure 4) and of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, 

Figure 4), a) 780 attractive and b) 2122 repulsive contacts, calculated at CCSD(T)/CBS level of theory. 

The distribution corresponds to the structures shown in Figure S7. 
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Figure S11  Distributions of the angle Pa/Pb (Figure 2) and the angles between vectors β1, β2 (Figure 

2) of a) the group of classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure 4) and b) the group 

of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure 4). 

 

 

Figure S12  Attractive water-water contacts in the CSD structures. Colors correspond to 

CCSD(T)/CBS interaction energies, as shown in the scale. a) The plot of the distance dOH (Figure 2) 

versus the distance dOO (Figure 2); b) the plot of the distance dOH (Figure 2) versus the interaction 

energies; c) the plot of the distance dOO (Figure 2) versus the interaction energies for attractive (1282) 

antiparallel interactions found in CSD after applying criteria: β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO 

> 40° (Figure 4). 
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Figure S13  A part of crystal structure KEJCOT representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 

 

Figure S14  A part of crystal structure TASZET representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 

 

 

Figure S15  A part of crystal structure XAFVAE representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 
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Figure S16  A part of crystal structure EVOLUX representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 

 

 

Figure S17  A part of crystal structure UVETIZ representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 

 

Figure S18  A part of crystal structure MIKWIP representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 
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Figure S19  A part of crystal structure AQOXCU representing antiparallel water-water interactions. 

All short contacts occurring in are shown with blue lines. 

 

Table S3 Geometric parameters (Figure 2) of water-water contacts in selected CSD crystal 

structures (Figures S13-S19). 

Refcode Type[a] 

ΔE 

[kcal/mol] 

dOO 

[Å] 

dOH 

[Å] 

dHH 

[Å] 

α 

[⁰] 

Pa/Pb 

[⁰] 

THOHO 

[⁰] 

β1 

[⁰] 

Β2 

[⁰] 

Ref. 

KEJCOT API -4.60 2.824 2.327 2.198 109.86 0.00 149.78 180.00 70.61 25 

TASZET API -3.74 3.121 2.583 2.361 113.96 0.00 140.65 180.00 77.81 26 

XAFVAE API -4.04 3.084 2.451 2.117 121.10 0.00 119.82 180.00 75.46 27 

EVOLUX API -4.29 2.816 2.32 2.193 109.80 0.00 131.65 180.00 76.61 28 

UVETIZ CHB -4.43 2.826 1.841 2.348 171.18 87.60 84.46 80.55 59.06 29 

UVETIZ API -3.45 3.113 2.587 2.381 113.07 0.00 99.46 180.00 75.50 29 

MIKWIP CHB -2.09 2.773 1.79 1.843 169.98 81.73 16.21 112.84 66.61 30 

MIKWIP API -3.61 2.761 2.244 2.102 111.10 0.00 103.59 180.00 70.12 30 

AQOXCU CHB -2.93 2.858 2.075 2.021 134.24 76.07 121.36 124.96 103.55 31 

AQOXCU API -4.15 2.789 2.333 2.254 106.92 0.00 136.76 180.00 76.39 31 

[a] API = antiparallel interaction (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure 4); CHB = classical 

hydrogen bond (dOH ≤ 3.0 Å and α ≥ 120°, Figure 4) 
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Figure S20   Distributions of the angle Pa/Pb (Figure 2) and the angles between vectors β (Figure 2) 

for fragments containing O-H bond, majority of these structures (ca. 90.4%) are alcohols. a) The group 

of classical hydrogen bonded molecular (dOH ≤ 3.0 Å and α ≥ 120°) and b) the group of antiparallel 

oriented O-H bonds  (β ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°). The data were obtained by following 

the procedure shown in Figure 4. 

 

Figure S21  Attractive water-water contacts in the CSD structures in which hydrogen atom positions 

were solved by difference Fourier map method. The plot of the distance dOH versus the angle α. Colors 

correspond to CCSD(T)/CBS interaction energies, as shown in the scale. 
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Figure S22  Attractive water-water contacts in the CSD structures in which all atoms (including 

hydrogen atoms) were solved by difference Fourier map method and all hydrogen atom parameters 

were refined. The plot of the distance dOH versus the angle α. Colors correspond to CCSD(T)/CBS 

interaction energies, as shown in the scale. 

 

Figure S23  Sets of attractive water-water contacts found in CSD in which hydrogen atom positions 

were solved by difference Fourier map method. In the graphical representations of water-water contacts, 

one water molecule was positioned in the center (shown in dark grey licorice). The other water 

molecules from every water-water contact are shown in the color representing the CCSD(T)/CBS 

interaction energies, as shown in the scale. 
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Figure S24  Sets of attractive water-water contacts found in CSD in which all atoms (including 

hydrogen atoms) were solved by difference Fourier map method and all hydrogen atom parameters 

were refined. In the graphical representations of water-water contacts, one water molecule was 

positioned in the center (shown in dark grey licorice). The other water molecules from every water-

water contact are shown in the color representing the CCSD(T)/CBS interaction energies, as shown in 

the scale. 
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Figure S25  The distribution of interaction energies of attractive water-water contacts found in CSD, 

in which hydrogen atom positions were solved by difference Fourier map method, after applying criteria 

for classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure S23) and antiparallel interactions (β1, 

β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40, Figure S23) calculated at CCSD(T)/CBS level of theory. 

 

 

Figure S26  The distribution of interaction energies of attractive water-water contacts found in CSD, 

in which all atoms (including hydrogen atoms) were solved by difference Fourier map method and all 

hydrogen atom parameters were refined, after applying criteria for classical hydrogen bonds (dOH ≤ 3.0 

Å and α ≥ 120°, Figure S24) and antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 

40°, Figure S24), calculated at CCSD(T)/CBS level of theory. 



 

 

IUCrJ (2022). 9,  https://doi.org/10.1107/S2052252522006728        Supporting information, sup-20 

 

Figure S27  Distributions of the angle Pa/Pb (Figure 2) and the angles between vectors β1, β2 (Figure 

2) of a) the group of classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure S23) and b) the group 

of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure S23), found in 

structures in which hydrogen atom positions were solved by difference Fourier map method. 

 

Figure S28  Distributions of the angle Pa/Pb (Figure 2) and the angles between vectors β1, β2 (Figure 

2) of a) the group of classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure S24) and b) the group 

of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure S24), found in 

structures in which all atoms (including hydrogen atoms) were solved by difference Fourier map method 

and all hydrogen atom parameters were refined. 
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Figure S29  The distribution of study temperatures that the considered crystal structures found in CSD 

were recorded at. 

 

Figure S30  Attractive water-water contacts in the CSD structures that are recorded at ≤ -78°C. The 

plot of the distance dOH versus the angle α. Colors correspond to CCSD(T)/CBS interaction energies, 

as shown in the scale. 
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Figure S31  Sets of attractive water-water contacts found in the CSD structures that are recorded at    ≤ 

-78°C. In the graphical representations of water-water contacts, one water molecule was positioned in 

the center (shown in dark grey licorice). The other water molecules from every water-water contact are 

shown in the color representing the CCSD(T)/CBS interaction energies, as shown in the scale. 

 

 

Figure S32  The distribution of interaction energies of attractive water-water contacts found in the 

CSD that are recorded at ≤ -78°C, after applying criteria for classical hydrogen bonds (dOH ≤ 3.0 Å and 

α ≥ 120°, Figure S24) and antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, 

Figure S24), calculated at CCSD(T)/CBS level of theory. 
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Figure S33  Distributions of the angle Pa/Pb (Figure 2) and the angles between vectors β1, β2 (Figure 

2) of a) the group of classical hydrogen bonds (dOH ≤ 3.0 Å and α ≥ 120°, Figure S31) and b) the group 

of antiparallel interactions (β1, β2 ≥ 160°, 80° ≤ α ≤ 140° and THOHO > 40°, Figure S31), found in 

structures that are recorded at ≤ -78°C. 

 

S2. Details of overlapping and free web server 

The aligned water molecules were those which contain hydrogen atom Ha1 (Figure 2). All the 

crystallographic translations were performed in order to account for the interactions between the 

original crystallographic cell and all its surrounding images. The hydrogen atoms of the aligned water 

molecules were distinguished by the proximity to the interacting oxygen atom Ob (Figure 2). The 

oxygen atoms of the aligned water molecules were put at the same point, then the whole structure was 

transformed until the hydrogen atoms closer to the other water molecule (Ha1 atoms, Figure 2) are put 

along the same vector, and finally, the whole structure was transformed until the other hydrogen (Ha2, 

Figure 2) is put in the same plane. The water molecule symmetry (C2v group) was used to provide 

images that are easier to perceive. All the interacting water molecules were reflected to the same side 

of the aligned water plane (left side in figures).   

As mentioned in the main text, given a .cif file and desired atom names of the interacting two water 

molecules as the input, the crystallographic structure is completed to the whole unit cell and then 

translated in all directions. The angles α (Figure 2) of water molecules are checked for the range 96.4⁰ 
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- 112.8º and the dOO distance (Figure 2) is checked for condition shorter than 4.0 Å. The positions of 

hydrogen atoms are normalized so that the O-H bonds are 0.993 Å. All the scores that satisfy the criteria 

are given in the output. Namely, for the same cif structure and same atoms, there might be more than 

one water - water interaction differing in geometry, depending on the crystallographic transformations. 
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