Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2019

DFT and spatial confinement: A benchmark
study on structure and electric properties of

hydrogen bonded complexes

Justyna Koztowska,* Pawet Lipkowski,* Agnieszka Roztoczynska, and Wojciech

Bartkowiak

Department of Physical and Quantum Chemistry, Wroctaw University of Science and

Technology, Wybrzeze Wyspianskiego 27, PL-50370 Wroctaw, Poland

E-mail: justyna.kozlowska@pwr.edu.pl; pawel.lipkowski@pwr.edu.pl

Electronic Supporting Information



\ \\ ——0;;
~ =l Qyy
\\ <>

6

a [au]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

w [au]
i ° l___./-——-—"‘"'" ——

-2

4
— 6 / _‘_Bzzz
>
‘2‘ 8 —4 +BZXX
@ / / —— B,

00 01 02 03 04 05 06 07 08
w [au]

Figure S1: Electronic contribution to a) dominant tensor elements (., a,,) and average
dipole polarizability < « > as well as b) dominant tensor elements (5..., B..) and vec-
tor component (f3,) of first hyperpolarizability of the HF-..HF dimer in the presence
of two-dimensional harmonic confining potential. Calculations were performed at the
CCSD(T)/aug-cc-pVQZ level of theory.



Table S1: The Rutishauser-Romberg convergence triangles for p,, o, and .., components of
static electric properties of the isolated HF- - - HF dimer obtained from energy differentiation.
The calculations were performed at the CCSD(T)/aug-cc-pVQZ level of theory. All data are
given in au.

dipole moment (u,): w = 0.0 au
field 0 1 2 3 4 5 6
0.0002 1.585256  1.585256  1.585256  1.585256  1.585256  1.585256 1.585256
0.0004 1.585255  1.585256  1.585256  1.585256  1.585256  1.585256
0.0008 1.585254  1.585256  1.585256  1.585256  1.585256
0.0016 1.585249  1.585256  1.585256  1.585256
0.0032 1.585230  1.585256  1.585256
0.0064 1.585153  1.585256
0.0128 1.584845

polarizability(c..): w = 0.0 au
field 0 1 2 3 4 5 6
0.0002 13.756845 13.756882 13.756892 13.756894 13.756895 13.756895 13.756895
0.0004 13.756735 13.756728 13.756729 13.756730 13.756730 13.756730
0.0008 13.756756 13.756707 13.756707 13.756707 13.756707
0.0016 13.756904 13.756704 13.756704 13.756704
0.0032 13.757507 13.756700 13.756701
0.0064 13.759929 13.756681
0.0128 13.769673

first hyperpolarizability(f8...): w = 0.0 au
field 0 1 2 3 4 5
0.0002 —15.0404 —15.0539 —15.0571 —15.0579 —15.0581 —15.0581
0.0004 —15.0000 —15.0058 —15.0075 —15.0079 —15.0081
0.0008 —14.9826 —14.9801 —14.9798 —14.9798
0.0016 —14.9901 —14.9844 —14.9845
0.0032 —15.0073 —14.9828
0.0064 —15.0808




Table S2: The Rutishauser-Romberg convergence triangles for ., o, and (.., components
of static electric properties of the spatially confined HF: - - HF dimer obtained from energy
differentiation. The calculations were performed at the CCSD(T)/aug-cc-pVQZ level of
theory. All data are given in au.

dipole moment (p,): w = 0.8 au

field 0 1 2 3 4 5 6
0.0002 1.445452  1.445452  1.445452  1.445452  1.445452  1.445452 1.445452
0.0004 1.445452  1.445452  1.445452  1.445452  1.445452  1.445452
0.0008 1.445452  1.445452  1.445452  1.445452  1.445452
0.0016 1.445449  1.445452  1.445452  1.445452
0.0032 1.445439  1.445452  1.445452
0.0064 1.445400  1.445453
0.0128 1.445240

polarizability(c..): w = 0.8 au

field 0 1 2 3 4 ) 6
0.0002 7.764076  7.764093  7.764098  7.764099  7.764099  7.764099 7.764099
0.0004 7.764023  7.764022  7.764023  7.764023  7.764023  7.764023
0.0008 7.764026  7.764016  7.764016  7.764016  7.764016
0.0016 7.764057  7.764014  7.764014  7.764014
0.0032 7.764184  7.764014  7.764014
0.0064 7.764695  7.764012
0.0128 7.766745

first hyperpolarizability(8...): w = 0.8 au

field 0 1 2 3 4 5
0.0002 —7.8320 —7.8631 —7.8715 —7.8737  —7.8742 —7.8744
0.0004 —7.7385 —7.7367  —7.7363 —7.7361 —7.7361
0.0008 —7.7438 —7.7435 —7.7436 —7.7436
0.0016 —7.7446 —7.7426 —7.7425
0.0032 —7.7506 —7.7439
0.0064 —7.7707

Table S3: The values of u., ., and (... of the isolated HF- - - HF dimer obtained analytically
and by numerical differentiation. All results have been computed using the aug-cc-pVQZ
basis set and are given in au.

analytical results 1 sy Brrs
HF 1.681 12.34 -14.1
MP2 1.594 13.80 -
CCSD 1.598 - -
B3LYP 1.598 14.42 -17.0
wBI7X-D 1.599 14.05 -12.7
numerical results 1 sy Brrs
HF 1.681 12.34 -14.1
MP2 1.594 13.80 -
CCSD 1.598 - -
B3LYP 1.598 14.43 -17.0
wBI97X-D 1.599 14.05 -12.6
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Table S23: Structural parameters obtained for the HF-.-HF complex using the CCSD(T)
method as well as B2PLYP, B3LYP and wB97X-D functionals. The % error was calculated
with respect to the CCSD(T) results. All data were obtained using the aug-cc-pVTZ basis
set. The bond lengths are given in au.

w CCSD(T) B2PLYP % error B3LYP % error wB97X-D % error
0.0 0.9220 0.9235 0.16 0.9254 0.37 0.9195 -0.27
0.1 0.9183 0.9198 0.16 0.9218 0.38 0.9160 -0.25
0.2 0.9086 0.9101 0.16 0.9125 0.42 0.9068 -0.20
H-F(1) 0.3 0.8949 0.8965 0.17 0.8992 0.48 0.8937 -0.14
0.4 0.8787 0.8804 0.20 0.8835 0.55 0.8781 -0.07
0.5 0.8439 0.8460 0.25 0.8495 0.67 0.8450 0.14
0.8 0.8130 0.8153 0.28 0.8190 0.73 0.8158 0.35
0.0 1.9089 1.8988 -0.53 1.9044 -0.24 1.9128 0.20
0.1 1.8934 1.8811 -0.64 1.8856 -0.41 1.8971 0.20
0.2 1.8557 1.8410 -0.79 1.8437 -0.65 1.8594 0.20
HF---H 0.3 1.8014 1.7870 -0.80 1.7885 -0.72 1.8002 -0.07
0.4 1.7316 1.7190 -0.73 1.7193 -0.71 1.7298 -0.10
0.5 1.5972 1.5875 -0.61 1.5859 -0.71 1.6016 0.28
0.8 1.5284 1.5193 -0.59 1.5171 -0.74 1.5405 0.79
0.0 0.9238 0.9257 0.21 0.9279 0.44 0.9225 -0.14
0.1 0.9202 0.9221 0.21 0.9244 0.46 0.9191 -0.12
0.2 0.9107 0.9126 0.22 0.9154 0.52 0.9101 -0.06
H-F(2) 0.3 0.8975 0.8996 0.24 0.9027 0.59 0.8977 0.02
0.4 0.8822 0.8845 0.27 0.8881 0.67 0.8832 0.12
0.5 0.8501 0.8530 0.34 0.8572 0.83 0.8529 0.33
0.8 0.8206 0.8238 0.39 0.8283 0.94 0.8250 0.53
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Table S24: Structural parameters obtained for the HCN- - - HCN complex using the CCSD(T)
method as well as B2PLYP, B3LYP and wB97X-D functionals. The % error was calculated
with respect to the CCSD(T) results. All data were obtained using the aug-cc-pVTZ basis
set. The bond lengths are given in au.

w |au] CCSD(T) B2PLYP % error B3LYP % error wB97X-D % error
0.0 1.0684 1.0652 -0.31 1.0665 -0.18 1.0670 -0.13
0.1 1.0620 1.0588 -0.30 1.0603 -0.16 1.0608 -0.11
0.2 1.0459 1.0430 -0.28 1.0448 -0.11 1.0452 -0.06
H-C(1) 0.3 1.0255 1.0230 -0.25 1.0250 -0.05 1.0254 -0.01
0.4 1.0044 1.0022 -0.22 1.0044 0.00 1.0049 0.05
0.5 0.9648 0.9632 -0.17 0.9657 0.09 0.9661 0.14
0.8 0.9304 0.9292 -0.12 0.9318 0.16 0.9320 0.18
0.0 1.1584 1.1523 -0.52 1.1444 -1.20 1.1416 -1.45
0.1 1.1525 1.1466 -0.52 1.1388 -1.19 1.1360 -1.43
0.2 1.1381 1.1323 -0.50 1.1248 -1.16 1.1223 -1.38
C-N(1) 0.3 1.1195 1.1141 -0.49 1.1070 -1.12 1.1047 -1.33
0.4 1.0997 1.0946 -0.47 1.0880 -1.07 1.0858 -1.26
0.5 1.0611 1.0566 -0.43 1.0507 -0.98 1.0488 -1.16
0.8 1.0259 1.0219 -0.38 1.0168 -0.89 1.0148 -1.08
0.0 2.2044 2.2075 0.14 2.2252 0.94 2.1995 -0.22
0.1 2.1933 2.1939 0.03 2.2097 0.75 2.1863 -0.32
0.2 2.1698 2.1660 -0.18 2.1781 0.38 2.1594 -0.48
N...HC 0.3 2.1514 2.1443 -0.33 2.1535 0.10 2.1417 -0.45
0.4 2.1442 2.1356 -0.40 2.1433 -0.04 2.1369 -0.34
0.5 2.1381 2.1313 -0.32 2.1391 0.04 2.1362 -0.09
0.8 2.1051 2.1038 -0.06 2.1120 0.33 2.1071 0.09
0.0 1.0729 1.0707 -0.21 1.0723 -0.06 1.0739 0.08
0.1 1.0666 1.0646 -0.19 1.0664 -0.02 1.0679 0.11
0.2 1.0508 1.0492 -0.16 1.0513 0.05 1.0526 0.17
H-C(2) 0.3 1.0306 1.0293 -0.13 1.0318 0.11 1.0327 0.20
0.4 1.0094 1.0083 -0.11 1.0110 0.16 1.0117 0.23
0.5 0.9692 0.9685 -0.07 0.9714 0.23 0.9720 0.29
0.8 0.9350 0.9345 -0.05 0.9376 0.28 0.9379 0.31
0.0 1.1606 1.1545 -0.52 1.1467 -1.20 1.1440 -1.43
0.1 1.1545 1.1486 -0.52 1.1408 -1.19 1.1383 -1.41
0.2 1.1397 1.1340 -0.50 1.1266 -1.15 1.1242 -1.36
C-N(2) 0.3 1.1208 1.1154 -0.48 1.1085 -1.10 1.1063 -1.30
0.4 1.1006 1.0955 -0.46 1.0891 -1.05 1.0870 -1.23
0.5 1.0614 1.0569 -0.42 1.0513 -0.95 1.0494 -1.13
0.8 1.0265 1.0226 -0.38 1.0176 -0.87 1.0158 -1.05
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Figure S2: Dipole moment ()

b)HCN- - - HCN dimers calculated using various exchange-correlation functionals as well as

HF, MP2, CCSD and CCSD(T) methods. All data were computed employing the aug-cc-
pVQZ basis set. The w values are given in au. Lines are drawn to guide the eye.
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Figure S3: Interaction-induced dipole moment (Ap,) of the isolated and spatially confined
a)HF- - - HF and b)HCN- - - HCN dimers calculated using various exchange-correlation functi-
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onals as well as HF, MP2, CCSD and CCSD(T) methods. All data were computed employing
the aug-cc-pVQZ basis set. The w values are given in au. Lines are drawn to guide the eye.
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Figure S4: Polarizability (a,.) of the isolated and spatially confined a)HF---HF and
b)HCN- - - HCN dimers calculated using various exchange-correlation functionals as well as

HF, MP2, CCSD and CCSD(T) methods. All data were computed employing the aug-cc-
pVQZ basis set. The w values are given in au. Lines are drawn to guide the eye.
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Figure S5: Interaction-induced polarizability (Ac,.) of the isolated and spatially confined
a)HF- - - HF and b)HCN- - - HCN dimers calculated using various exchange-correlation functi-
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onals as well as HF, MP2, CCSD and CCSD(T) methods. All data were computed employing
the aug-cc-pVQZ basis set. The w values are given in au. Lines are drawn to guide the eye.
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Figure S6: First hyperpolarizability (5,.,.

and b
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correlation functionals as well as HF, MP2, CCSD and CCSD(T) methods. All data were
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computed employing the aug-cc-pVQZ basis set. The w values are given in au. Lines are

tially confined a)HF---HF and b)HCN---HCN dimers calculated using various exchange-
drawn to guide the eye.

Figure S7: Interaction-induced first hyperpolarizability (Af,,.) of the isolated and spa-
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Figure S8: Hydrogen bond length (Rpyp) of the isolated and spatially confined a)HF- - - HF

and b)HCN- - - HCN dimers calculated using various exchange-correlation functionals as well

as HF, MP2, CCSD and CCSD(T) methods. All data were computed employing the aug-
cc-pVTZ basis set. The w values are given in au. Lines are drawn to guide the eye.
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