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I. RADIAL DISTRIBUTION FUNCTIONS AND DIPOLES ALIGNMENT

From the adherence with the experimental results of the spectra presented in Fig. 1 and

Fig. 2 of the main text, along with the correctness of the location and the shapes of the

peaks and dips of the zero-field radial distribution functions (RDFs) displayed in Fig. 4

of the main text, we are confident that the employed DFT framework (i.e.,BLYP-D3(BJ))

and the statistics gathered with the (long) trajectories and the relatively large size of the

simulated box caught remarkably well the relevant features of the liquid water behavior at

standard conditions. After all, the size of the simulation box and the temporal length of the

current simulations represent a sort of computational upper-bound for such a kind of AIMD

numerical experiments under the action of electric fields.

Fig. S1 shows the statistical progressive alignment of the molecular dipole vectors along

the field direction. θ represents indeed the angle formed by each water dipole moment vector

with the field direction (i.e., corresponding to the z-axis).

0 30 60 90 120 150 180
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

P(
)

 (deg)

 0.00 V/Å
 0.05 V/Å
 0.10 V/Å
 0.15 V/Å
 0.20 V/Å
 0.25 V/Å

FIG. 1: Distributions of the θ angle formed between the vector identifying the water dipole

vectors and the field direction from the zero-field regime (black curve) up to 0.25 V/Å (red curve).
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E (V/Å) Sk

0.00 0.9988946

0.05 0.9988476

0.10 0.9988018

0.15 0.9989043

0.20 0.9988114

0.25 0.9988285

TABLE I: Average value of the translational tetrahedral order parameter Sk, as defined in

Ref. [1], at zero-field regime (first row) and for different field intensities.

II. INFRARED AND RAMAN SPECTRA EVALUATION

Both IR and Raman spectra presented in the main text have been determined by means of

the software TRAVIS [2, 3] from the centres of the Maximally Localized Wannier Functions

(MLWFs) [4, 5] calculated on the fly during the AIMD simulation. In a conventional polar-

ized Raman spectroscopy experiment of liquid water, spectra are acquired with polarization

which is either parallel or perpendicular to the incident polarization of the exciting laser.

Taking into consideration that theoretical Raman spectra can be obtained from the time

autocorrelation functions of the isotropic Cα2(t) and anisotropic Cβ2(t) portions of the water

polarizability tensor, the following expressions link the isotropic, anisotropic, perpendicular,

parallel and unpolarized Raman scattering spectra [6]:

Iα2(ω) = I‖(ω) − 4

3
I⊥(ω) (1)

Iβ2(ω) =
4

3
I⊥(ω) (2)

I⊥(ω) =
3

4
Iβ2(ω) (3)

I‖(ω) = Iα2(ω) + Iβ2(ω) (4)

IU = I‖(ω) + I⊥(ω) = Iα2(ω) +
7

4
Iβ2(ω). (5)

The AIMD simulations allow for the evaluation of the I‖(ω) and I⊥(ω) Raman components

that can be easily transformed into the isotropic and anisotropic components using Eq.(1)

and (2), as shown in Fig. 2 of the main text. Operationally, Raman intensities have been
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FIG. 2: IR (top panel), anisotropic (left bottom panel), and isotropic (right bottom panel)

Raman OH stretching mode bands of bulk liquid water in the zero-field regime at 350 K (black

curves), in the zero-field regime at 300 K (red curves), and at 350 K under an electric field

strength of 0.10 V/Å (cyan curves).

determined by means of the software TRAVIS [2, 3], exploiting the centres of the MLWFs [4,

5]. In particular, a time-step of 2.5 fs has been chosen for the MLWFs evaluation (i.e., 5

MD time-steps). By employing as a reference the centres of the MLWFs obtained during the

AIMD simulations, additional calculations have been executed both for the zero-field regime

and for each electric field strength explored. In fact, six calculations per field strength –

imposing a relatively small electric field intensity of 0.0005 a.u.∼ 0.026 V/Å – (i.e., one

4



per spatial direction: ±x,±y,±z) have been carried out in order to obtain the polarizability

tensor. From the latter, Raman intensities have been determined and then multiplied by

the Bose-Einstein correction (1 − exp (−h̄ω
kBT

)).
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