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1. Computational results.

Table ESI 1a. Calculated absolute energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied from 90.0⁰ to 116.5⁰ and from 0.900 Å to 
0.955 Å, respectively. The data correspond to Figure 1.
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Table ESI 1b. Calculated absolute energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied from 93.0⁰ to 116.5⁰ and 
from 0.960 Å to 1.010 Å, respectively. The data correspond to Figure 1.
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Table ESI 1c. Calculated energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory reported with respect to the energy minimum. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied from 93.0⁰ to 
116.5⁰ and from 0.900 Å to 1.010 Å, respectively. The data correspond to Figure 1.
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Table ESI 1e. Calculated energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory reported to the 
energy minimum. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied per 0.1⁰ and 
0.001 Å, respectively, in order to find energies of 0.5, 1.0 and 2.0 kcal/mol in respect to the energy minimum. 
The data are related to Figure 1b,c.

H-O-H 
(Å) / O-H 

(⁰)
0.952 0.953 0.954 0.955 0.957 0.958 0.959 0.961 0.962 0.963 0.964 0.965 0.966

93.1 - - - - - - - 2.055 2.053 2.054
93.2 - - - - - - - - - - 2.018 2.016 2.017
93.3 - - - - - - - - - - 1.981 1.980 1.980
96.3 - - - - - - - - 1.044 1.043 1.044 - -
96.4 - - - - - - - - 1.018 1.017 1.018 - -
96.5 - - - - - - - - 0.993 0.991 0.992 - -
98.6 - - - - - - - 0.532 0.531 0.533 - - -
98.7 - - - - - - - 0.513 0.513 0.515 - - -
98.8 - - - - - - - 0.495 0.495 0.497 - - -

104.3 - - - - 0.002 0.000 0.000 - - - - - -
104.4 - - - - 0.002 0.000 0.000 - - - - - -
104.5 - - - - 0.003 0.000 0.001 - - - - - -
110.2 - 0.490 0.485 0.483 - - - - - - - - -
110.3 - 0.506 0.501 0.499 - - - - - - - - -
110.4 - 0.523 0.518 0.516 - - - - - - - - -
112.7 - 0.980 0.978 0.978 - - - - - - - - -
112.8 - 1.003 1.001 1.002 - - - - - - - - -
112.9 - 1.026 1.024 1.025 - - - - - - - - -
116.3 1.970 1.970 1.972 - - - - - - - - - -
116.4 2.002 2.002 2.004 - - - - - - - - - -
116.5 2.034 2.034 2.036 - - - - - - - - - -

Table ESI 1d. Calculated absolute energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied per 0.1⁰ 
and 0.001 Å, respectively, in order to find energies of 0.5, 1.0 and 2.0 kcal/mol in respect to the energy minimum. The data are related to Figure 1b,c.

H-O-H (Å) 
/ O-H (⁰)

0.952 0.953 0.954 0.955 0.957 0.958 0.959 0.961 0.962 0.963 0.964 0.965 0.966

93.1 - - - - - - - - - - -76.369282678 -76.369285830 -76.369285261
93.2 - - - - - - - - - - -76.369341897 -76.369344784 -76.369343952
93.3 - - - - - - - - - - -76.369400537 -76.369403162 -76.369402067
96.3 - - - - - - - - -76.370893708 -76.370896209 -76.370894955 - -
96.4 - - - - - - - - -76.370935309 -76.370937565 -76.370936066 - -
96.5 - - - - - - - - -76.370976355 -76.370978366 -76.370976623 - -
98.6 - - - - - - - -76.371710800 -76.371711579 -76.371708583 - - -
98.7 - - - - - - - -76.371740075 -76.371740619 -76.371737391 - - -
98.8 - - - - - - - -76.371768811 -76.371769122 -76.371765663 - - -

104.3 - - - - -76.372555002 -76.372558143 -76.372557431 - - - - - -
104.4 - - - - -76.372554750 -76.372558088 -76.372557582 - - - - - -
104.5 - - - - -76.372553984 -76.372557537 -76.372557238 - - - - - -
110.2 - -76.371777655 -76.371785264 -76.371788945 - - - - - - - - -
110.3 - -76.371751616 -76.371759040 -76.371762536 - - - - - - - - -
110.4 - -76.371725137 -76.371732377 -76.371735688 - - - - - - - - -
112.7 - -76.370999065 -76.370994333 -76.370985739 - - - - - - - - -
112.8 - -76.370961957 -76.370957049 -76.370948279 - - - - - - - - -
112.9 - -76.370924434 -76.370919350 -76.370910404 - - - - - - - - -
116.3 -76.369418339 -76.369419146 -76.369416022 - - - - - - - - - -
116.4 -76.369367440 -76.369368079 -76.369364787 - - - - - - - - - -
116.5 -76.369316159 -76.369316633 -76.369313175 - - - - - - - - - -
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Table ESI 1f. Calculated absolute energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory. The bond angle (H-O-H) and bond lengths (O-H) were systematically varied per 0.1⁰ and 0.001 Å, respectively, in order to find energies of 0.5, 1.0 and 2.0 kcal/mol in respect 
to the energy minimum. The data are related to Figure 1d,e.

H-O-H (Å) 
/ O-H (⁰)

0.918 0.919 0.920 0.929 0.930 0.931 0.937 0.938 0.939 0.957 0.958 0.959 0.979 0.980 0.981 0.988 0.989 0.990 1.001 1.002 1.003

106.2 -76.369195718 -76.369368043 -76.369535333 - - - - - - - - - - - - - - - - -
106.1 -76.369195564 -76.369368106 -76.369535613 - - - - - - - - - - - - - - - - - -
106.0 -76.369194909 -76.369367675 -76.369535403 - - - - - - - - - - - - - - - - - -
105.7 - - - -76.370826293 -76.370945727 -76.371060744 - - - - - - - - - - - - - - -
105.6 - - - -76.370826047 -76.370946189 -76.371061419 - - - - - - - - - - - - - - -
105.5 - - - -76.370825308 -76.370945634 -76.371061293 - - - - - - - - - - - - - - -
105.4 - - - - - - -76.371659443 -76.371743516 -76.371823171 - - - - - - - - - - - -
105.3 - - - - - - -76.371659425 -76.371743711 -76.371823577 - - - - - - - - - - - -
105.2 - - - - - - -76.371658915 -76.371743412 -76.371823491 - - - - - - - - - - - -
104.5 - - - - - - - - - -76.372555002 -76.372558143 -76.372557431 - - - - - - - - -
104.4 - - - - - - - - - -76.372554750 -76.372558088 -76.372557582 - - - - - - - - -
104.3 - - - - - - - - - -76.372553984 -76.372557537 -76.372557238 - - - - - - - - -
103.7 - - - - - - - - - - - - -76.371795446 -76.371721509 -76.371644272 - - - - - -
103.6 - - - - - - - - - - - - -76.371795720 -76.371721983 -76.371644944 - - - - - -
103.5 - - - - - - - - - - - - -76.371795499 -76.371721967 -76.371645133 - - - - - -
103.3 - - - - - - - - - - - - - - - -76.371018656 -76.370916688 -76.370811624 - - -
103.2 - - - - - - - - - - - - - - - -76.371018755 -76.370916983 -76.370812115 - - -
103.1 - - - - - - - - - - - - - - - -76.371018367 -76.370916791 -76.370812119 - - -
102.8 - - - - - - - - - - - - - - - - - - -76.369466606 -76.369327125 -76.369184837
102.7 - - - - - - - - - - - - - - - - - - -76.369466794 -76.369327506 -76.369185409
102.6 - - - - - - - - - - - - - - - - - - -76.369466484 -76.369327400 -76.369185495

Table ESI 1g. Calculated energies of water molecule at CCSD(T)/aug-cc-PV6Z level of theory reported to the energy minimum. The bond angle (H-O-H) and 
bond lengths (O-H) were systematically varied per 0.1⁰ and 0.001 Å, respectively, in order to find energies of 0.5, 1.0 and 2.0 kcal/mol in respect to the 
energy minimum. The data are related to Figure 1d,e.

H-O-H (Å) 
/ O-H (⁰)

0.918 0.919 0.920 0.929 0.930 0.931 0.937 0.938 0.939 0.957 0.958 0.959 0.979 0.980 0.981 0.988 0.989 0.990 1.001 1.002 1.003

106.2 2.110 2.002 1.897 - - - - - - - - - - - - - - - - - -
106.1 2.110 2.002 1.897 - - - - - - - - - - - - - - - - - -
106.0 2.110 2.002 1.897 - - - - - - - - - - - - - - - - - -
105.7 - - - 1.087 1.012 0.940 - - - - - - - - - - - - - - -
105.6 - - - 1.087 1.011 0.939 - - - - - - - - - - - - - - -
105.5 - - - 1.087 1.012 0.939 - - - - - - - - - - - - - - -
105.4 - - - - - - 0.564 0.511 0.461 - - - - - - - - - - - -
105.3 - - - - - - 0.564 0.511 0.461 - - - - - - - - - - - -
105.2 - - - - - - 0.564 0.511 0.461 - - - - - - - - - - - -
104.5 - - - - - - - - - 0.002 0.000 0.000 - - - - - - - - -
104.4 - - - - - - - - - 0.002 0.000 0.000 - - - - - - - - -
104.3 - - - - - - - - - 0.003 0.000 0.001 - - - - - - - - -
103.7 - - - - - - - - - - - - 0.479 0.525 0.573 - - - - - -
103.6 - - - - - - - - - - - - 0.478 0.525 0.573 - - - - - -
103.5 - - - - - - - - - - - - 0.479 0.525 0.573 - - - - - -
103.3 - - - - - - - - - - - - - - - 0.966 1.030 1.096 - - -
103.2 - - - - - - - - - - - - - - - 0.966 1.030 1.096 - - -
103.1 - - - - - - - - - - - - - - - 0.966 1.030 1.096 - - -
102.8 - - - - - - - - - - - - - - - - - - 1.940 2.027 2.117
102.7 - - - - - - - - - - - - - - - - - - 1.940 2.027 2.116
102.6 - - - - - - - - - - - - - - - - - - 1.940 2.027 2.116
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Table ESI 2. Calculated energies of change in the bond angle of water molecule in model systems based on 
crystal structures (Figure 4) at wB97xD/def2-TZVPP and CCSD(T)/aug-cc-PV6Z level of theory.

aCrystal structures were solved by neutron diffraction analysis having R factor ≤ 0.05. bOriginal bond 
angles and bond lengths of a water molecule from the crystal structure. cThe values are estimated 
based on the results of calculations (Table ESI 1) by taking the bond angle value that corresponds to 
energy minimum at bond length closest to the average of the original bond lengths. dThe difference in 
absolute energies of a water molecule having the original bond angle and the optimal bond angle. In 
both geometries of water molecule bond lengths are the original ones.

Figure ESI 1. (a) Optimal bond lengths (O-H) at particular bond angles (H-O-H). (b) Optimal bond angles (H-O-H) at particular bond lengths (O-H). The reported data arise from the calculated energies of 
water molecule depending of the bond angle and the bond length (see Table ESI 1c) calculated at CCSD(T)/aug-cc-PV6Z level of theory. The bond angle and bond lengths were systematically varied per 
0.5⁰ and 0.005 Å, from 93.0⁰ to 116.5⁰ and from 0.915 Å to 1.005 Å, respectively. The data are related to Figure 1c,e.
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2. CSD analysis results.
Distributions of the considered geometric parameters, i.e. the bond angles and bond lengths, of water molecules 
found in CSD are given bellow. 

Figure ESI 2. Full distribution of the bond angle of crystal structures that contain non-coordinated water molecule(s). The structures are solved by X-ray diffraction 
analysis having R factor ≤ 0.05.

Figure ESI 3. Distribution of the bond angle of crystal structures that contain non-coordinated water molecule(s). The structures are solved by neutron diffraction 
analysis having R factor ≤ 0.1.
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Figure ESI 4. Full distribution of the bond angle of crystal structures that contain non-coordinated water molecule(s). The structures are solved by X-ray diffraction 
analysis having R factor ≤ 0.1.

Figure ESI 5. Zoomed distribution of the bond angle of crystal structures that contain non-coordinated water molecule(s). The structures are solved by X-ray 
diffraction analysis having R factor ≤ 0.1.
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Figure ESI 6. Distribution of the bond lengths and corresponding bond angle of crystal structures that contain non-coordinated water molecule(s). The structures are 
solved by neutron diffraction analysis having R factor ≤ 0.05.

Figure ESI 7. Distribution of corresponding bond lengths of crystal structures that contain non-coordinated water molecule(s). The structures are solved by neutron 
diffraction analysis having R factor ≤ 0.05.
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Figure ESI 8. Distribution of the of bond angle and (a) used temperature; (b) R-factor and (c) publication year of corresponding crystal structures that contain non-coordinated water molecule(s). The structures are solved by X-
Ray diffraction analysis having R factor ≤ 0.10.

Figure ESI 9. Distribution of the of average value of bond lengths  and (a) used temperature; (b) R-factor and (c) publication year of corresponding crystal structures that contain non-coordinated water molecule(s). The structures 
are solved by X-Ray diffraction analysis having R factor ≤ 0.10.
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