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Figure S1: a) Potential (black) and vibrational eigenstates (purple) of the harmonic oscillator.
b) Dipole moment change with idealised linear (red), quadratic (green), cubic (blue) and
quartic (orange) dependence. c) to f) Oscillator strengths normalised to their respective
largest values (f0n/f

max
0n ) for the linear (c), quadratic (d), cubic (e) and quartic (f) dipole

moment curves.

2



Ta
bl

e
S1

:
W

av
en

um
be

rs
ν 0

n
in

cm
−

1
an

d
as

so
ci

at
ed

os
ci

lla
to

r
st

re
ng

th
s
f 0

n
ob

ta
in

ed
vi

a
th

e
N

um
er

ov
ap

pr
oa

ch
at

B3
LY

P/
6-

31
1+

+
G

(3
df

,3
pd

)
le

ve
li

n
di

ffe
re

nt
en

vi
ro

nm
en

ts
fo

r
ph

en
ol

w
ith

an
d

w
ith

ou
t

di
sp

er
sio

n
co

rr
ec

tio
n

G
D

3B
J

ap
pl

ie
d.

C
C

l 4
n-

H
ex

an
e

Va
cu

um
Im

pl
ic

it
Ex

pl
ic

it
Im

pl
ic

it
Ex

pl
ic

it
n

ν 0
n

f 0
n

ν 0
n

f 0
n

ν 0
n

f 0
n

ν 0
n

f 0
n

ν 0
n

f 0
n

Ph
en

ol
B3

LY
P

1
36

65
9.

76
·1

0−
6

36
37

1.
70

·1
0−

5
36

32
3.

78
·1

0−
5

36
42

1.
54

·1
0−

5
36

64
8.

87
·1

0−
6

2
71

67
8.

78
·1

0−
7

71
11

9.
62

·1
0−

7
70

94
6.

23
·1

0−
7

71
22

9.
44

·1
0−

7
71

66
8.

02
·1

0−
7

3
10

51
3

5.
20

·1
0−

8
10

43
1

6.
16

·1
0−

8
10

39
2

5.
07

·1
0−

8
10

44
7

6.
04

·1
0−

8
10

51
1

4.
90

·1
0−

8

4
13

70
5

4.
07

·1
0−

9
13

59
9

6.
40

·1
0−

9
13

52
9

4.
91

·1
0−

9
13

62
1

6.
15

·1
0−

9
13

70
3

4.
01

·1
0−

9

Ph
en

ol
B3

LY
P

+
G

D
3B

J

1
36

64
9.

47
·1

0−
6

36
36

1.
66

·1
0−

5
36

01
5.

24
·1

0−
5

36
41

1.
53

·1
0−

5
36

62
9.

69
·1

0−
6

2
71

58
8.

68
·1

0−
7

71
01

9.
53

·1
0−

7
70

09
3.

89
·1

0−
7

71
13

9.
47

·1
0−

7
71

54
8.

06
·1

0−
7

3
10

48
3

5.
23

·1
0−

8
10

40
0

6.
15

·1
0−

8
10

21
5

4.
42

·1
0−

8
10

41
7

6.
13

·1
0−

8
10

47
3

4.
70

·1
0−

8

4
13

65
2

4.
17

·1
0−

9
13

54
4

6.
53

·1
0−

9
13

24
0

5.
88

·1
0−

9
13

56
7

6.
32

·1
0−

9
13

63
5

3.
66

·1
0−

9

3



Table S2: Theoretical wavenumbers in cm−1 for phenol obtained via the Numerov procedure
at B3LYP/6-311++G(3df,3pd) level with and without GD3BJ dispersion correction. The
deviations with respect to the experimental values in percent are given in parenthesis. The
parameters k, d (in cm−1) and R are obtained via linear regression between the experimental
data (x-axis) and the respective theoretical values (y-axis).

experimental vacuum implicit explicit

CCl4
B3LYP

ν01 3612 3665 (1.47 %) 3637 (0.69 %) 3632 (0.55 %)
ν02 7055 7167 (1.59 %) 7111 (0.79 %) 7094 (0.55 %)
ν03 10327 10513 (1.80 %) 10431 (1.01 %) 10392 (0.63 %)
ν04 13435 13705 (2.01 %) 13599 (1.22 %) 13529 (0.70 %)
k 1.022 1.014 1.008
d -34.91 -34.54 -10.53
R 0.9999976 0.9999974 0.9999996

CCl4
B3LYP + GD3BJ

ν01 3612 3664 (1.44 %) 3636 (0.66 %) 3601 (0.30 %)
ν02 7055 7158 (1.47 %) 7101 (0.65 %) 7009 (0.65 %)
ν03 10327 10483 (1.52 %) 10400 (0.71 %) 10215 (1.08 %)
ν04 13435 13652 (1.62 %) 13544 (0.82 %) 13240 (1.46 %)
k 1.017 1.009 0.981
d -11.76 -11.51 71.27
R 0.9999995 0.9999993 0.9999926

n-Hexane
B3LYP

ν01 3622 3665 (1.19 %) 3642 (0.55 %) 3664 (1.15 %)
ν02 7074 7167 (1.31 %) 7122 (0.68 %) 7166 (1.30 %)
ν03 10358 10513 (1.50 %) 10447 (0.86 %) 10511 (1.47 %)
ν04 13472 13705 (1.73 %) 13621 (1.11 %) 13703 (1.71 %)
k 1.019 1.013 1.019
d -34.68 -35.52 -35.33
R 0.9999973 0.9999970 0.9999973

n-Hexane
B3LYP + GD3BJ

ν01 3622 3664 (1.16 %) 3641 (0.54 %) 3662 (1.11 %)
ν02 7074 7158 (1.20 %) 7113 (0.55 %) 7154 (1.13 %)
ν03 10358 10483 (1.22 %) 10417 (0.57 %) 10473 (1.11 %)
ν04 13472 13652 (1.34 %) 13566 (0.71 %) 13635 (1.21 %)
k 1.014 1.008 1.012
d -11.52 -11.49 -6.46
R 0.9999993 0.9999991 0.9999995
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Table S3: Theoretical wavenumbers in cm−1 for 2,6-difluorophenol obtained via the Nu-
merov procedure at B3LYP/6-311++G(3df,3pd) level. The deviations with respect to the
experimental values in percent are given in parenthesis. The parameters k, d (in cm−1) and
R are obtained via linear regression between the experimental data (x-axis) and the respective
theoretical values (y-axis).

experimental vacuum implicit explicit

CCl4

ν01 3587 3639 (1.46 %) 3614 (0.76 %) 3599 (0.33 %)
ν02 7015 7119 (1.48 %) 7067 (0.74 %) 7029 (0.20 %)
ν03 10271 10443 (1.67 %) 10367 (0.93 %) 10294 (0.22 %)
ν04 13360 13616 (1.92 %) 13516 (1.17 %) 13396 (0.27 %)
k 1.021 1.013 1.003
d -32.09 -29.66 -0.401
R 0.9999963 0.9999964 0.9999996

n-Hexane

ν01 3598 3639 (1.15 %) 3619 (0.59 %) –
ν02 7028 7119 (1.29 %) 7077 (0.70 %) –
ν03 10292 10443 (1.46 %) 10382 (0.88 %) –
ν04 13395 13616 (1.65 %) 13536 (1.05 %) –
k 1.018 1.012 –
d -31.24 -29.34 –
R 0.9999983 0.9999983 –
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Table S4: Relevant distances and angles of the vacuum, implicit CCl4 and explicit CCl4
systems. The respective atom numbers are shown in Figure S2.

vacuum implicit explicit

CCl4
B3LYP

r(1 − 2) in Å 0.96 0.96 0.96
α(3 − 1 − 2) in degree 109.88 109.93 110.35

r(1 − 17) in Å 3.09
r(1 − 18) in Å 4.85

α(18 − 17 − 1) in degree 171.07
r(2 − 12) in Å 2.72

α(1 − 2 − 12) in degree 144.95
r(2 − 15) in Å 3.92

α(1 − 2 − 15) in degree 156.72
r(2 − 16) in Å 3.92

α(1 − 2 − 16) in degree 156.58

CCl4
B3LYP + GD3BJ

r(1 − 2) in Å 0.96 0.96 0.96
α(3 − 1 − 2) in degree 109.78 109.83 110.21

r(1 − 17) in Å 3.06
r(1 − 18) in Å 4.70

α(18 − 17 − 1) in degree 152.65
r(2 − 12) in Å 2.52

α(1 − 2 − 12) in degree 159.06
r(2 − 15) in Å 3.69

α(1 − 2 − 15) in degree 144.74
r(2 − 16) in Å 3.73

α(1 − 2 − 16) in degree 146.36

Figure S2: Structure of the explicit carbon tetrachloride system without (left) and with
(right) GD3BJ dispersion correction applied.

6



Table S5: Structural data of the explicit n-hexane systems with and without dispersion
correction.

vacuum implicit explicit

n-Hexane
B3LYP

r(OH) in Å 0.96 0.96 0.96
α(COH) in degree 109.88 109.94 109.89

n-Hexane
B3LYP + GD3BJ

r(OH) in Å 0.96 0.96 0.96
α(COH) in degree 109.78 109.83 109.78

Figure S3: Structures of the explicit n-hexane system with (right) and without (left) dis-
persion correction. Due to the very weak interaction energies the explicit n-hexane system
geometry is very sensitive to dispersion correction, shifting the n-hexane molecule towards
the aromatic moiety.
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