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1. Snapshot of the present MD simulation
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Fig. S1. A snapshot of the present MD simulation

2. SVD analysis

Fig. S2 shows the singular values obtained by SVD analysis of the four Imy® spectra
shown in Fig. 1 in the main text. The first and second components have large singular
values, while the third and fourth components give nearly zero. This clearly indicates

that the observed Imy(® spectra have only two predominant spectral components.
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Fig. S2. Singular values obtained by SVD analysis of the four

spectra shown in Fig. 1 in the main text.
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3. Phenol in D,O

Fig. S3 shows vibrational Imy® spectrum of the air/D,O-phenol (117 mM) interface, in
addition to that of the air/D,0 interface. Most of spectral features observed in the H,O
solution in Fig. 1 in the main text disappear in the D,O solution, except for the negative
sharp band at 3090 cm!. This observation means that the negative band at 3090 cm™! is
due to CH stretch of phenol and the rest of spectral features observed in the H,O
solution are due to OH stretches. The OH stretch of phenol can disappear in the D,O
solution spectrum because of the efficient H/D exchange with solvent. Additionally, the
D,0 solution spectrum shows a weak positive band at 3030 cm!, indicating that this is

due to another CH stretch of phenol.
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Fig. S3. Experimental vibrational Imy® spectrum of the air/D,O-phenol (117 mM)
interface (green) and that of the air/D,0 interface (black).
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4. Relation between CH stretch y® and molecular orientation of phenol

As described in a previous study,! the second-order nonlinear susceptibility of

(2)0H
symmetric OH stretch (* vz ) of water (C,, symmetry) is related to its

hyperpolarizabilities (ﬂ aacPoboP cec), where the transition dipole moment of the
symmetric OH stretch of water is set to be the direction of the ¢ axis (Fig. S4). Since

phenol is approximated as C,, symmetry by considering the OH group to be a free rotor,

()CHyq, . ' (2)0H .
X yyz  can be described in the same way as ¥ yyz of water as follows,

(Z)CHZOa
yyz

N| -

ﬁbbc ﬁaac(cos3 9>)< 2 1/)> + (ﬁaac + ﬁbbc(cos3 9)) i

d CCC(COSQ){(ﬂcchr Beeclcost) Boe  Brctcosty |

where Ns is the number of surface phenol molecules and the brackets stand for
ensemble average. The BaacPoboPece values of phenol were obtained by calculating the
derivatives of the dipole moment and polarizability along the v,, coordinate using the

Gaussian 09 program,” and it was found that the three hyperpolarizabilities are all
( (cos® 9)) 0
- >
positive. Because (cos® 6) (cos 6)>0, (cos”¥)>(), (sin’ )0, (cosB)

(Z)CHZO
observed ¥ ssp <0, {cos ) is negative. This means that phenol OH points toward the

, and the

water phase.
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Fig. S4. Definition of the coordinates for phenol: molecular-frame coordinates (a,
b, ¢), laboratory-frame coordinates (X, y, z), and Euler angles (6, Y, ). z axis is

the coordinate normal to the surface and points toward air.
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5. Density profile

Fig. S5 shows the density profiles of water and phenol at the air/water-phenol interface
obtained by MD simulation. Z is the depth coordinate defined by Z = z- zg;,,s, Where z is
the coordinate normal to the surface and zgi,,s is the position of the Gibbs dividing
surface. With this definition, Z > 0 refers to the air side and Z < 0 to the water side.
Phenol (O), Phenol (C6), and Phenol (C.0.M) correspond to the oxygen atom, C6 atom
defined in Fig. S6, and the center of mass of phenol, respectively. The density profile

indicates that phenol is surface active and phenol OH points toward the water phase.
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Fig. S5. Density profile of water and phenol at the air/water-phenol interface obtained by
MD simulation.
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6. Site number of phenol molecule

Fig. S6. Definition of site number of phenol molecule.
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7. Comparison between the computed Imy® spectrum of the air/D,0-phenol
(CsHsOH) interface and the phenol OH component in the computed Imy®

spectrum of the air/H,O-phenol (CcHsOH) interface
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Fig. S7 Comparison between the computed Imy® spectrum of the
air/D,0-phenol (C¢HsOH) interface (blue) and the phenol OH component
in the computed Imy® spectrum of the air/H,O-phenol (C¢HsOH)
interface shown in Fig. 3 in the main text (red broken).
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Table SI. Intermolecular potential parameter ke of phenol molecule (in a.u.) defined in Eq. (7).
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Table SII. Partial charge Q

e

q
a of phenol molecule (in a.u.). See Fig. S6 for the numbering of phenol.

a=1__ 2 3 4 5 6 7 8 9 10 11 12
0.35499 -0.4678 0.14059 -0.09119 -0.20704 -0.12334 -0.18709 -0.02172 0.10047 0.14825 0.12965 0.12568 0.09855
Table SIII. CRK Kab of phenol molecule (in a.u.). See Fig. S6 for the numbering of phenol.
a=1 2 3 4 5 6 7 8 9 10 11 12 13
b 21 2.6644 270638 -0.39097 -0.05504  0.09996  0.14373  0.14761 -0.43034  0.43842 -0.05018 -0.02815 0.01813  0.06485
2 270638 -5.97474 353924 0.68188 -1.18419 -0.40981 -0.98351 1.04913  -0.5554 047872  0.6093 032247 -0.27947
3 -0.39097 3.53924 -7.06829  -0.1334 2.81179 -0.44192 243016 -0.0325 0.77151 -0.85332 -0.71786 -0.73058 0.81614
4 -0.05504 0.68188  -0.1334 -4.77786 -0.70039 2.04216  0.00458 1.73055 178637 0.90605 -0.48205 -0.54554 -0.45731
5009996 -1.18419 281179 -0.70039 -5.00656 -0.30437 150938 -0.02319 0.91725 1.82234 0.92182 -0.32236 -0.54148
6 0.14373 -0.40981 -0.44192 204216 -0.30437 -4.98467 -0.29018 1.97422 -0.56112 0.79136  1.74525 0.78771 -0.49236
7 0.14761 -0.98351 243016 0.00458 1.50938 -0.29018  -4.7507  -0.6899 -0.49059 -0.34474 0.86336 1.71975  0.87478
8 -0.43034 1.04913  -0.0325 173055 -0.02319 1.97422  -0.6899 -4.7578 -0.40784 -0.52867 -0.47604 0.93082  1.66156
9 043842 -0.5554 077151 178637 091725 -0.56112 -0.49059 -0.40784 -2.40211 -0.25879 0.17325 0423 0.16605
10 -0.05018  0.47872 -0.85332 0.90605 1.82234 0.79136 -0.34474 -0.52867 -0.25879 -2.27241 -0.27372  0.1311  0.45226
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11 -0.02815 0.6093 -0.71786 -0.48205 0.92182 1.74525 0.86336 -0.47604 0.17325 -0.27372  -2.2693 -0.25764 0.19178
12 0.01813  0.32247 -0.73058 -0.54554 -0.32236  0.78771  1.71975  0.93082 0.423 0.1311 -0.25764 -2.23158 -0.24528

13 0.06485 -0.27947 0.81614 -0.45731 -0.54148 -0.49236 0.87478 1.66156 0.16605 0.45226  0.19178 -0.24528 -2.21152

Table SIV. The derivative of %a with respect to the internal coordinates $=ATon of phenol molecule (in a.u.), 9Q/9S. See Fig. S6 for

the numbering of phenol.

a=1 2 3 4 5 6 7 8 9 10 11 12 13

-0.08328 0.08663 0.02491 -0.00202 -0.0124 0.00885 -0.0091 -0.01672 -0.00752 0.00304 -0.00502 0.00111 0.01152

Table SV. The derivative of Kab with respect to the internal coordinates §=ATop of phenol molecule (in a.u.), 9K/0S. See Fig. S6 for

the numbering of phenol.

a=1 2 3 4 5 6 7 8 9 10 11 12 13

1 1.03024 -1.56116 0.27101  0.13464 -0.07682 -0.08844 -0.06942  0.22492 -0.09933  0.04554 0.08853  0.04915 0.05114
2 -1.56116 1.71061 0.12837 -0.08754 -0.13354  0.23384 -0.03211 -0.40762 0.19914  -0.0058 -0.07675 0.02731  0.00525
3 027101  0.12837 -0.67506 -0.07126  0.41285 -0.26355 0.16145 0.31946 0.01688 -0.10277 0.01358  -0.0925 -0.11846
4 0.13464 -0.08754 -0.07126 -0.23745 0.19146 -0.01826 -0.157  0.28101  0.16495 -0.05809 -0.03558 -0.03331 -0.07357
5 -0.07682 -0.13354 0.41285 0.19146 -0.47056 0.16215 0.09331 -0.41912 -0.03229 0.12793  0.00092 0.01567  0.12804
6 -0.08844 0.23384 -0.26355 -0.01826 0.16215  -0.1026  0.07204 0.1166 -0.01363 -0.04465 0.01713 -0.00399 -0.06664
7 -0.06942 -0.03211 0.16145 -0.157  0.09331  0.07204 -0.26015 0.13261  0.04638 -0.03401 -0.00889  0.06913 -0.01334

8 022492 -0.40762 031946 0.28101 -0.41912 0.1166  0.13261 -0.39368 -0.15263  0.12289  0.01158  0.00522  0.15876
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