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Molecular fer-

roelectrics are

a promising

class of ferro-

electrics, with

environmental

friendliness,

flexibility and low cost. In this work, a set of characteristic molecular ferroelectrics are

simulated by molecular dynamics (MD) with polarized crystal charge (PCC). From the

simulated results, their ferroelectric switching mechanisms are elucidated, with their

ferroelectric hysteresis loops. The PCC charge model, recently developed by our group,

containing the quantum electric polarization effect, is suitable in nature for studying molec-

ular ferroelectrics. The simulated systems include the typical molecular ionic ferroelectrics,

di-isopropyl-ammonium halide (DIPAX, X=C (Cl), B (Br), and I), as well as a pair of

newly validated organic molecular ferroelectrics, salicylideneaniline and (-)-camphanic acid.

In total, there are five systems under investigation. Results demonstrate that the PCC

MD method is efficient and reliable. It not only elucidates the ferroelectric switching

mechanism of the studied molecular ferroelectrics, but also extends the application range of

the PCC MD. In conclusion, PCC MD provides an efficient protocol for extensive computer

simulations of molecular ferroelectrics, with reliable ferroelectric properties and associated

mechanisms, and would promote further exploration of novel molecular ferroelectrics.

Key words: Molecular ferroelectrics, Molecular dynamics simulation, Modern theory of

polarization

I. INTRODUCTION

Ferroelectrics are electroactive materials with spon-

taneous polarization that can be controlled by electric

field, temperature change and mechanical stress [1–3].

They have been widely used in industrial and commer-
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cial fields, such as piezoelectric sensing, data storage

device, radio and communication filters [4–6]. Among

them, molecular ferroelectric crystals are attracting ex-

tensive attention from both fundamental research and

industry due to their mechanical flexibility, ease of

preparation and portability [7, 8]. Especially in recent

years, some molecular ferroelectrics are found to be with

performance nearly the same as inorganic counterparts

traditionally applied such as perovskite [9]. Therefore,

they can be used as potential substitutes or comple-
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ments to traditional inorganic ferroelectrics.

However, the current computational studies on the

properties of molecular ferroelectrics are still challeng-

ing. Most of the calculations are based on electronic

structure calculated from first-principles, but due to

the large number of atoms and the complex structure

of molecular crystals, the first-principles calculation is

hindered by the huge computational complexity. Molec-

ular dynamics (MD) simulation is a powerful tool which

can simulate large systems containing millions of atoms

[10], but its accuracy is greatly affected by force field

parameters. In classical force fields like AMBER [11]

and CHARMM [12], the electrostatic interaction within

the system is mainly described by Coulomb interaction

between fixed partial charges of atoms, which is defi-

cient to simulate molecular crystals due to the missing

of electric polarization [13, 14]. Therefore direct usage

of force field MD for simulating molecular ferroelectrics

would be erroneous.

In order to simulate large scale behaviors, such as po-

larization switching and associated saturated polariza-

tion and coercive electric field of molecular ferroelectrics

using MD simulations, our group recently developed the

polarized crystal charge (PCC) model [15–17] to sim-

ulate the molecular ferroelectrics with both efficiency

and accuracy by containing the quantum electric polar-

ization effects, which is indispensable in simulations of

molecular crystals. Our method has already been suc-

cessfully applied into several materials. For example,

in our previous work, saturated polarization strength

of γ-glycine was 53 µC/cm2, which had a relative error

of 25% compared with the first-principles calculation

result of 70.9 µC/cm2 [15]. Besides, the calculated sat-

urated polarization strength of (R)/(S )-3-quinuclidinol

were 7.4±0.1 and 7.8±0.1 µC/cm2, respectively, and

the corresponding results from experiments were 6.69

and 6.72 µC/cm2. The relative errors were 15% and

10% [16]. These examples validated that PCC MD can

give reliable spontaneous polarization values, coercive

electric fields, ferroelectric switching mechanism, and

Curie temperatures.

To expand the range of applications of PCC, and have

an extensive benchmark, in this work, we perform PCC

MD to calculate the ferroelectric hysteresis loop and

associated switching mechanisms of a set of character-

istically ferroelectric materials. Firstly, as an important

breakthrough in the research of molecular ferroelectric

crystals, di-isopropyl-ammonium halide (DIPAX, X=C

(Cl), B (Br), and I) molecular crystals were reported to

show ferroelectricity with high curie temperatures, large

spontaneous polarizations and low coercive fields. How-

ever, their spontaneous polarization is still not sure, as

the results reported by different groups are with large

deviation [18–23]. Previously, the Curie temperature

was elucidated by PCCMD in our group. And the spon-

taneous polarization was also obtained from both first-

principles calculations as 6.8, 6.2, and 5.3 µC/cm2 and

PCC MD as 5.4±0.3, 5.0±0.4, and 4.0±0.4 µC/cm2,

respectively [17]. But the ferroelectric hysteresis loops

are still unknown. Secondly, salicylideneaniline was re-

cently reported that it has obvious ferroelectricity and

photoswitchable performance [24], which opens the gate

of photoswitchable ferroelectrics for advanced optoelec-

tronic applications. At last, (-)-camphanic acid was re-

cently prepared as a new organic plastic ferroelectric

with a large saturated polarization and high TC [25].

The mechanisms of ferroelectric switching for all above

novel molecular ferroelectrics are still vague and need a

systematical study to facilitate their practical applica-

tions.

In this work, we use PCC MD to simulate the mech-

anisms of ferroelectric switching for five characteristic

molecular ferroelectrics mentioned above, with their fer-

roelectric hysteresis loops. Our work can elucidate the

ferroelectric switching mechanism for the molecular fer-

roelectrics, extend the application range of the PCC

MD, demonstrate the efficiency and reliability of PCC,

and guide the design of novel molecular ferroelectrics,

which will promote the application of molecular ferro-

electrics in production and life.

II. METHOD

A. Di-isopropyl-ammonium halide molecular crystals

Both the structures and PCC charges of di-isopropyl-

ammonium halide molecular crystals (DIPAX) can re-

fer to our previous work [17], and here we just provide

a brief summary. We build a 10×10×10 supercell for

each system with dimensions of 76.7 Å×79.5 Å×77.7 Å

for DIPAC, 78.6 Å×81.0 Å×79.0 Å for DIPAB and

80.1 Å×81.7 Å×80.1 Å for DIPAI respectively. There

are 2000 molecules with a total of 48,000 atoms in each

supercell, with periodic boundary condition (PBC) im-

posed on the models. In such systems, for simplicity,

we keep the partial charge of halide anions as −1 a.u.

(in atomic units), and the whole organic cations with
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FIG. 1 (a) Flowchart for PPC fitting. (b) The charges of SA calculated by the PCC model and RESCU software. (c) The
charges of CA calculated by the PCC model and RESCU software.

charge as +1 a.u.

B. Salicylideneaniline (SA)

The original molecular structure is obtained from the

CCDC database [26] with entry ID 2070775. The ex-

perimental work reported that SA crystallizes in an

orthorhombic polar space group Fdd2 [24]. We per-

formed the first-principles calculations to optimize all

four kinds of initial structures by the Vienna Ab initio

Simulation Package (VASP) [27], and then choose the

optimized configurations, (shown in FIG. S1 in Sup-

plementary materials, SM) as initial structure for PCC

MD simulations. A 5×5×5 super cell with dimensions

of 64.8 Å×137.2 Å×29.1 Å for SA is built. There are

1000 molecules with a total of 26,000 atoms in the su-

percell with PBC.

C. (-)-Camphanic acid (CA)

The original molecular structure is obtained from the

experimental work in which CA was reported to crys-

talize at room temperature in the P21 space group and

2 (C2) chiral polar point group [25]. A 7×7×7 supercell

with the size of 45.885 Å×77.035 Å×54.733 Å is built,

including 686 molecules and 19208 atoms in total with

periodic boundary conditions with PBC.

D. Details of MD simulation

The PCC model is incorporated into the force field for

the MD simulation, and the other force field parameters

are obtained from the generalized AMBER force field

(GAFF) [28]. The PCCmodel takes the molecules other

than those in the middle of the supercell as the back-

ground, and calculates the charge of the single molecule

in the middle of the supercell by the RESP point charge

model [29] with the background charges, and then the

charge will be updated as a background charge of the

system. After several cycles, when the charges converge,

the final PCC are obtained. The protocol for fitting

PCC is summarized in FIG. 1(a). The PCC charge

convergences of SA and CA are shown in FIG. S2 and

FIG. S3 in SM, respectively. In addition, we calculate

the Mulliken partial charge of the molecule in the large

supercell (3×3×3 for SA and 5×5×5 for CA) by first-

principles calculations using software named Real space

Electronic Structure CalcUlator (RESCU) [30] (PBE

with LCAO basis, see SM for details) to have a com-

parison. We find that the Mulliken charge for the single

molecule within supercell is close to the converged PCC

one, showing that our method can correctly describe the

polarization and screening effect in the crystal. Both of

the calculated PCC and Mulliken charges of SA and CA

are shown in Tables I and II.

For density functional theory (DFT) calculations of

single molecule, we use B3LYP functional [31], with 6-

31G(d) basis [32]. All calculations are performed with

Gaussian 09 package [33].

The MD simulations are carried out with NAMD

package [34]. Each system initially reaches equilibrium

in the NPT ensemble where the temperature is 418 K

(DIPAX, X=C (Cl), B (Br), and I) or 300 K (SA and
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TABLE I The charges of SA calculated by the PCC model
and RESCUE software.

Atom PCC RESCU Atom PCC RESCU

O1 −0.4815 −0.9394 C13 −0.1700 −0.1417

C1 −0.0294 0.0128 H1 0.3228 0.7500

C2 0.2727 0.1645 H3 0.1861 0.2145

C3 −0.2277 −0.1674 H4 0.1548 0.0505

C4 −0.1045 −0.1125 H5 0.1349 0.1344

C5 −0.2002 −0.1268 H6 0.1754 0.1154

C6 −0.1897 −0.1304 H7 0.0577 0.2108

C7 0.0930 −0.1719 H9 0.1349 0.1766

C8 0.1609 0.0386 H10 0.1413 0.1397

C9 −0.1700 −0.1398 H11 0.1654 0.1002

C10 −0.1278 −0.1282 H12 0.1413 0.1339

C11 −0.1707 −0.1185 H13 0.1278 0.1275

C12 −0.1278 −0.1264 N1 −0.3510 −0.0663

TABLE II The charges of CA calculated by the PCC model
and RESCUE software.

Atom PCC RESCU Atom PCC RESCU

O1 −0.6012 −0.6393 H1 0.5065 0.9337

O2 −0.5134 −0.2807 H2 0.0859 0.0984

O3 −0.6237 −0.7628 H3 0.0859 0.1605

O4 −0.5197 −0.6844 H4 0.1347 0.1055

C1 0.3891 0.1455 H5 0.1347 0.1247

C2 −0.1176 −0.1791 H6 0.1347 0.1197

C3 −0.5180 −0.2755 H7 0.1262 0.1162

C4 0.6875 0.4618 H8 0.1262 0.1043

C5 0.0669 0.0080 H9 0.1262 0.1079

C6 −0.4269 −0.2761 H10 0.0994 0.1495

C7 −0.2221 −0.1969 H11 0.0994 0.1829

C8 0.5687 0.3884 H12 0.1347 0.1102

C9 0.2842 0.0349 H13 0.1347 0.1000

C10 −0.5180 −0.2734 H14 0.1347 0.1161

CA), and the pressure is 1 atm. To keep the temper-

ature and the pressure constant, we use Langevin dy-

namics thermostat [35] and Nose-Hoover piston baro-

stat [36, 37]. In particular, in the simulation of CA, the

SHAKE algorithm [38] is used for all covalence bonds

involving hydrogen atoms. When applying an external

electric field to the system in the NVT ensemble, we run

several independent trajectories to study the process of

polarization switching more clearly, where the system

polarization values are collected every 2 ps. Long-range

electrostatic interactions are treated with the particle

mesh Ewald method [39] where the grid size is 1 Å,

and the cutoff of van der Waals interaction [40] is 12 Å.

During the simulation processes, the time step of CA is

set to 2 fs, and the time step of other systems is all set

to 1 fs. The Visual Molecular Dynamics (VMD) [41]

package is used for data analysis.

III. RESULTS AND DISCUSSION

A. DIPAX molecular crystals

The primitive cells of the crystal structures of DI-

PAC, DIPAB and DIPAI are shown in FIG. 2(a−c).

Structures and PCC charge parameters refer to our pre-

vious work [17].

To understand the ferroelectric switching mechanism

of DIPAX, we examine the response of the crystal struc-

ture and polarization under the external electric field E

at 418 K as experimentally used [18, 19]. During the

MD simulation, the direction of E is all set along the

y-axis, and its magnitudes of DIPAC and DIPAI in-

crease from 0 to 6 kV/cm, then decrease to −6 kV/cm

inversely, and then return to 0 kV/cm. The E of DI-

PAB increases from 0 to 4 kV/cm, then decreases to

−4 kV/cm inversely, and then finally returns to zero.

The results of electric hysteresis loops of DIPAC,

DIPAB, and DIPAI are shown in FIG. 2(d−f). As

shown in the figure, when |E| increases to 6 kV/cm (DI-

PAC and DIPAI) or 4 kV/cm (DIPAB), the saturated

spontaneous polarization (Ps) values of DIPAC, DI-

PAB and DIPAI are 6.1±0.2 µC/cm2, 6.3±0.1 µC/cm2,

and 5.0±0.1 µC/cm2, respectively. To the best of our

knowledge, different groups reported different Ps, for

which the value of DIPAC ranges from 5.4 µC/cm2

to 10.5 µC/cm2, the value of DIPAB ranges from

3.5 µC/cm2 to 20.5 µC/cm2 and the value of DIPAI

ranges from 5.2 µC/cm2 to 33.0 µC/cm2 [18−23]. Our

results in this work are highly compatible with our first-

principles results as 6.8, 6.2, and 5.3 µC/cm2, respec-

tively [17]. The reason of large deviation among dif-

ferent results is still in puzzle. The relative deviations

between our PCC MD results and first-principles re-

sults are about 10%, 2% and 6%. From the simulated

ferroelectric hysteresis loops, the Ec values of DIPAC

and DIPAI are 2.1 kV/cm and 2.9 kV/cm, and to our

surprise, the Ec value of DIPAB is only 0.3 kV/cm.

They are all smaller than the values obtained in ex-

perimental work, for which the value of DIPAC ranges

from 5 kV/cm to 10 kV/cm, the value of DIPAB ranges

from 5 kV/cm to 12 kV/cm and the value of DIPAC is

12 kV/cm [18−23]. Considering PCC can give highly
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FIG. 2 Prime cell of (a) DIPAC, (b) DIPAB and (c) DIPAI. Ferroelectric hysteresis loop of (d) DIPAC, (e) DIPAB, and (f)
DIPAI from PCC MD simulation at 418 K. Time-dependent evolution of the growing domain during the switching process
of (g) DIPAC in an external electric field of 4 kV/cm, (h) DIPAB in an external electric field of 3 kV/cm, and (i) DIPAI in
an external electric field of 5 kV/cm. Process of polarization switching of (j) DIPAC in an external electric field of 4 kV/cm,
(k) DIPAB in an external electric field of 3 kV/cm, and (l) DIPAI in an external electric field of 5 kV/cm. The red and blue
regions represent different directions of polarization, corresponding to domains with +y and −y directions of their molecular
dipoles.
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FIG. 3 (a) Prime cell of SA, H atoms are omitted for clarity. (b) Ferroelectric hysteresis loop by PCC MD simulation at
300 K. The horizontal green line marks the sum of dipoles from isolated molecules. (c) Time-dependent evolution of the
growing domain during the switching process under the external electric field of 18 kV/cm, shown as orange dots, with the
solid lines corresponding to results fitted by KAI model. (d) Process of polarization switching of SA crystal in an external
electric field of 18 kV/cm. The red and blue regions represent different directions of polarization, corresponding to domains
with +z and −z directions of their molecular dipoles.

compatible Ec in our previous findings [15, 16], we hope

further experiments can settle down the mismatch of

Ec.

The Ps evolving with time is plotted in FIG. 2(g−i) to

depict details of the polarization switching of DIPAC,

DIPAB and DIPAI crystal, and the simulation is under

the external electric field of 4 kV/cm, 3 kV/cm, and

5 kV/cm, respectively. From the plots, polarizations

of DIPAC, DIPAB,and DIPAI crystal start to change

nearly immediately after applying the external electric

field, and reach their saturation polarization values af-

ter 6 ns, 1.2 ns, and 1.5 ns, respectively. These pro-

cess can also be visualized at the molecular level by

FIG. 2(j−l). During the simulation, multiple domains

randomly emerge, grow to fill the super cell, and at

last reach saturation. The total process occurs homo-

geneously in space. For the microscopic mechanism of

the polarization switching, when a sufficiently large ex-

ternal electric field is applied, the orientation of the

-NH2 group of the DIPAX molecules flips along the y-

axis, leading to the spontaneous polarization changes

accordingly.

B. Salicylideneaniline

The prime cell of crystal structures of SA contains

eight molecules, as shown in FIG. 3(a). As in the work

of croconic acid [42], we have calculated the dipole mo-

ment of isolated SA molecule using DFT. The calcu-

lated value was 2.264 Debye, similar to the previously

reported result [24].

To understand the origin of ferroelectricity of SA, we

examine the response of the crystal structure and po-

larization under external electric field E at 300 K as

experimentally used [24]. During the MD simulation,

the direction of E is set along the z-axis, and its mag-

nitude varies from 0 to 20 kV/cm, then decreases to

−20 kV/cm inversely, then finally returns to 0 kV/cm.
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The result of electric hysteresis loop of SA is shown

in FIG. 3(b). As shown in the figure, the |Ps| value
of 2.74±0.1 µC/cm2 can be obtained after applying

the external electric field E of 20 kV/cm. When the

E reverses, the polarization switches accordingly to

−15.5 kV/cm and then reaches its reversed saturate

value at−20 kV/cm. Such results are highly compatible

with the polarization value estimated by first-principles

calculations, which was 2.71 µC/cm2, and slightly

higher than experimental results, Ps=1.95 µC/cm2 at

room temperature [24], and the relative deviation is

about 1% and 41% respectively. Here the sum of dipoles

from single molecules within a single cell is also obtained

as 2.58 µC/cm2, shown as horizontal green lines in the

FIG. 3(b). The single molecular dipole moment is lower

than the crystalline polarization, suggesting that inter-

molecular polarization effect is relevant. From the simu-

lated ferroelectric hysteresis loop, the Ec is 15.5 kV/cm.

Here one should notice that both the first-principles cal-

culations and our PCC MD simulations are for bulk

system, while in the experiments the thin films are un-

der measurements, and such difference would contribute

deviation between results from calculations and exper-

iments.

The Ps evolving with time is plotted in FIG. 3 (c)

and (d) to depict details of the polarization switching

of a 5×5×5 supercell of the SA crystal. The result is

obtained from PCC MD under the external electric field

of 18 kV/cm along the z-axis at 300 K with constant

volume. There are two stages in the process of SA polar-

ization switching. After applying the external electric

field, the polarization value of SA first equilibrates for

a period of 3.5 ns, and then the polarization starts to

increase and reaches the saturation value within 1 ns.

At molecular level, this process can be recognized in

FIG. 3(d). One can observe that SA molecules first

equilibrates for a period of time till 3.5 ns, and then a

single domain randomly emerges. Such domain grows to

fill the super cell after 4.5 ns, and at last reaches satura-

tion till 10 ns. Since this process satisfies a fundamental

assumption of the Kolmogorov-Avrami-Ishibashi (KAI)

model [43] that only one domain exists throughout the

switching process, we try to fit the evolution of spon-

taneous polarization with time to the KAI model in

FIG. 3(c).

The KAI model is with the functional form:

∆P (t)=P (t)− P (0) = 2Ps[1− e−(t/t0)
n

] (1)

It contains three fitted parameters, Ps corresponds to

the saturated spontaneous polarization, t0 is character-

istic time, and n is related to the dimensionality, rang-

ing from 1 to 4.

The fitted values are Ps=1.362, t0=4.026 and

n=19.92 respectively. Here we can see although our

simulated data fits the fitted functional form at first

glance, the fitted parameter n exceeds the predicted

range, which may be caused by inhomogeneity, so the

polarization switching process of SA cannot be ex-

plained by KAI model. This phenomenon is similar

to our previous work [16], reflecting again the polariza-

tion switching process of molecular crystals is inherently

complex, and a new model for describing such kind of

process is needed. For the microscopic mechanism of the

polarization switching, both C−O and C−N bonds in

each molecule within the supercell to the same side gen-

erate spontaneous polarization along the z-axis. When

a sufficiently large external electric field is applied, the

body of SA molecules will rotate along C1−C8 axis by

about 180◦, so the polarization direction will also be

flipped (atoms are labelled in FIG. 1(b)).

C. (-)-Camphanic acid

The prime cell of crystal structures of CA is shown

in FIG. 4(a). It contains two molecules, and the dipole

moment of the single CA molecule is 6.165 Debye.

To understand the ferroelectric switching mechanism

of CA, we examine the response of the crystal structure

and polarization under external electric field E at 300 K

as experimentally used [25]. During the MD simulation,

the direction of E is set along the y-axis, and the mag-

nitude varies from 0 to 10 kV/cm, then decreases to

−10 kV/cm inversely, then finally back to 0 kV/cm.

The result of electric hysteresis loop is shown in

FIG. 4(b). The |Ps| value of 6.8±0.4 µC/cm2 can be

obtained after applying an electric field of 10 kV/cm.

When the E reversed, the polarization switches accord-

ingly to −7 kV/cm and then reaches a reversed sat-

urate value after |E| increases to 10 kV/cm. Such

results are slightly higher than experimental results,

Ps=5.2 µC/cm2 at room temperature [25], and the rel-

ative error is about 31%. Here the sum of dipoles from

single molecules within a single cell is also obtained

as about 4.91 µC/cm2, as shown as horizontal green

lines in the FIG. 4(b). The single molecular dipole mo-

ment is lower than the crystalline polarization, suggest-

ing that intermolecular polarization effect is relevant.
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FIG. 4 (a) Prime cell of CA. (b) Ferroelectric hysteresis loop from MD simulation using PCC at 300 K. The horizontal
green line marks the sum of dipoles from isolated molecules. (c) Time-dependent evolution of the growing domain during
the switching process under the external electric field of 9 kV/cm. (d) Process of polarization switching of CA in an external
electric field of 9 kV/cm. The red and blue regions represent different directions of polarization, corresponding to domains
with +y and −y directions of their molecular dipoles.

From the simulated ferroelectric hysteresis loop, the Ec

is 8.5 kV/cm, which is much smaller than the experi-

mentally obtained Ec of 50 kV/cm. As discussed in the

above, the simulated system is bulk crystal, while in

experiments thin films are used. Such difference would

contribute the deviation between simulated results and

experimental ones.

The Ps evolving with time is plotted to depict details

of the polarization switching of a 7×7×7 supercell of

the CA crystal in FIG. 4 (c) and (d). The simulation is

under the external electric field of 9 kV/cm along the y-

axis at 300 K with constant volume. Interestingly, the

polarization switching occurs spontaneously from one

strip-shaped domain to the neighboring domain one-

by-one, until fully saturated at last. Such process is

depicted by the steps in the Ps-time plot FIG. 4(c),

and can also be visualized at the molecular level by

FIG. 4(d). A strip-shaped domain randomly emerges

at about 1.0 ns, grows to fill the super cell until 6 ns,

and at last reaches saturation till 10 ns. For the micro-

scopic mechanism of the polarization switching, when

a sufficiently large external electric field is applied, the

body of the CA molecule will rotate along C6−C8 axis

about 60◦, and the carboxyl group (-COOH) will rotate

separately 180◦ along the same axis, thus the polariza-

tion direction will also be flipped (atoms are labelled in

the FIG. 1(c)).

IV. CONCLUSION

In summary, we use PCC MD method to simulate the

mechanism of ferroelectric switching of (DIPAX, X=C

(Cl), B (Br), and I), SA, and CA under applied external

electric fields. From our results, the spontaneous polar-

izations, coercive fields, ferroelectric hysteresis loops,

and corresponding switching mechanisms are obtained.

We find that the spontaneous polarizations of DIPAC,

DIPAB and DIPAI are 6.1, 6.3, and 5.0 µC/cm2 re-

spectively, and the corresponding Ec values of DIPAC,

DIPAB, and DIPAI are 2.1, 0.3, and 2.9 kV/cm. We

also find that SA crystals have a spontaneous polariza-

tion of 2.7 µC/cm2, and its Ec is 15.5 kV/cm. The Ps

of CA is 6.8 µC/cm2 and the Ec is 8.5 kV/cm. Results
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show that, PCC MD method can efficiently simulate

the ferroelectric switching process of molecular ferro-

electrics and give moderate accuracy results [44], which

will help to better elucidate its mechanism and further

promote the practical application of molecular ferro-

electricity. The deviation between our results and the

experimental results may be from the following reasons:

the experimental and simulated conditions are not ex-

actly the same, the experiment errors, and the force

field errors. Firstly the fixed partial charges during dy-

namic simulations would bring considerable error, a po-

larizable force field, such as AMOEBA [45, 46], would

alleviate such kind of deficiency. Secondly, although we

consider electrostatic polarization by the PCC model,

other force field parameters are obtained from the gen-

eralized AMBER force field (GAFF) [28], which are es-

tablished based on the behavior of molecules in aque-

ous solutions and may not be suitable for simulations

in crystals. Among them, the van der Waals interac-

tion parameters in particular may require to be further

revised, which will be the goal of our future method

improvement. After all, this work expands the applica-

tion range of PCC MD and demonstrates the efficiency

and reliability of the method, hoping that our method

can serve as an effective tool for the study of molecular

ferroelectrics and promote the continuous development

of molecular ferroelectrics.

Supplementary materials: Energy comparison of

the four initial structures of SA is shown. The PCC

charge convergence of SA and CA, and the calcula-

tion details of the Mulliken partial charge calculated

by RESCU are available.
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