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Fig. 1. Optimized structure of bulk of CBDC molecular crystal: (a) Perspective view of bulk CBDC; (b)—(d) view of bulk CBDC

along a, b and ¢ axis, respectively. The gray, white and red balls denote C, H and O atoms, respectively.
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Fig. 2. View of optimized structure of bulk 3-HPLN molecular crystal along different axes: (a) Along a axis; (b) along b axis;

(c) along ¢ axis. The gray, milk white and red balls denote C, H and O atoms, respectively.
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Fig. 3. View of optimized structure of bulk PhMDA molecular crystal along different axes:. (a) Along a axis; (b) along b axis;

(c) along ¢ axis. The gray, milk white and red balls denote C, H and O atoms respectively.
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Fig. 4. Ferroelectric mechanism of CBDC crystal. Green
circles mark the collective transfer of protons within the hy-
drogen bonds, leading to the orientation of polarity being
reversed from [201] direction to [201] direction. The gray,
milk white and red balls denote C, H and O atoms, respect-

ively.
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Table 1.  Spontaneous polarization of ferroelectric

phase of CBDC molecular crystal.

Polarization/(nC-cm 2)

a b c

Exp. 8.6 0 10

DFT (Horiuchil®) 11.7 0 9.6
DFT (Our work) 11.7 0 9.5
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Fig. 5. Exfoliation of CBDC bulk crystal along the (102) Millar plane. The yellow plane in left panel denotes the (102) plane. The
right panel is the top view of the single-unit-thick (102) plane. The gray, white and red balls denote C, H and O atoms respectively.
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Fig. 6. Energy required to cleave the bulk of CBDC molecu-
lar crystal along (100), (010), (001) and (102) plane. The z
axis denotes the interlayer distance of the two fractured

sections compared with the original bulk crystal.
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ao/A b/A 7/(°)  P/(10°pC-cm?)
14.92 13.56 90 0.39

Lattice parameters and spontaneous ferroelec-
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Fig. 7. (a) Paraelectric phase of CBDC (102) monolayer
crystal, the protons in green circles are located at the cen-
ter of the adjacent oxygen atoms; (b) CBDC molecular in
paraelectric phase, the yellow plane denotes symmetry

plane of the molecular.
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Fig. 8. Evolution curves of ferroelectric polarization for CB
DC (102) monolayer crystal from the referenced paraelec-

tric phase (A = 0) to ferroelectric phase (A = 1).
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Fig. 9. Energy profile along the polarity reverse path of the

CBDC (102) monolayer crystal.
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Fig. 10. Potential energy curve for the polarity reversal of the CBDC (102) monolayer crystal under uniaxial compressive strain

range of 1%-5%.
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Fig. 11. Potential energy curve for the polarity reversal of the CBDC (102) monolayer crystal under uniaxial tensile strain range of

1%-5%.
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Abstract

Compared with traditional inorganic ferroelectric materials, organic molecular ferroelectric materials possess
many advantages, such as light weight, flexibility, no heavy metal atoms and low cost, and have received
extensive attention for a long time. In recent years, atomic-thick two-dimensional (2D) inorganic ferroelectric
materials have achieved breakthrough and attracted much attention. However, there are few reports on the
design and research of two-dimensional organic ferroelectric materials. In this paper, we theoretically propose a
2D monolayer organic ferroelectric molecular crystal with the cyclobutene-1,2-dicarboxylic acid (CBDC)
molecules as the building block based on density functional theory calculations. The bulk of CBDC molecular
crystals clearly shows layered structure due to the chain-like arrangement of hydrogen bonds in crystal. It is
found that the internal hydrogen bond chains give rise to the anisotropic cleavage energy values along different
crystal planes of the CBDC molecular crystal bulk. Theoretical calculation suggests that the CBDC based 2D
monolayer organic ferroelectric molecular crystal can be achieved by the mechanical/chemical peeling along the
(102) crystal plane because of the lowest cleavage energy. It is predicted that the in-plane spontaneous
polarization of the CBDC (102) molecular crystal monolayer is ~0.39 x 10 % pC/cm, which is comparable to
those of some inorganic counterparts. Calculations also indicate that the CBDC (102) molecular crystal
monolayer shows a high polarization reversal barrier and is sensitive to the external uniaxial stress. The CBDC
(102) monolayer organic ferroelectric molecular crystal reveals high in-plane spontaneous polarization with
polarization reversal barrier easily modulated by the interface strain engineering, thereby rendering it great

potential in lightweight, metal-free and flexible ferroelectric devices.

Keywords: two-dimensional molecular crystal, organic ferroelectric, in-plane polarization, polarization

reversal
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