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Advances of phase transitions and regulation of two-dimensional
a-zirconium phosphate liquid crystals

CHEN Mingfeng', HUANG Bin, ZHU Kaijie, CHENG Zhengdong’

(College of Chemical Engineering and Biological Engineering, Zhejiang University,
Hangzhou 310058, China)

Abstract: With the advancement of material synthesis methods, a wide range of two-dimensional (2D)
materials with exceptional properties, such as graphene, boron nitride, MXenes, and black phosphorus,
have emerged, making the study of 2D material colloidal liquid crystals and their self-assembly behaviors
increasingly important. Alpha-zirconium phosphate (a-ZrP) , a typical layered material, has significant
applications in fields such as mechanical reinforcement, barrier enhancement, flame retardancy, corrosion
resistance, catalysis, environmental protection, energy, and medicine. Due to the ability of a-ZrP crystals to
be exfoliated into monolayer nanosheets through various chemical methods, and its advantages of controllable
synthesis, low polydispersity, and stable physicochemical properties, a-ZrP has been systematically studied
as a physical template for research on 2D material colloidal liquid crystals. This article provides a detailed

discussion on the synthesis methods, exfoliation techniques, self-assembly into liquid crystals, and regulatory
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strategies of a-ZrP. The main factors influencing the liquid crystal phase transitions of a-ZrP include the
aspect ratio, polydispersity, temperature, ion concentration, electric field, magnetic field, and spherical
particle mixing. Changes in these regulatory conditions lead to diverse phase behaviors and phase structures.
This article also explores the potential applications of a-ZrP as a next-generation functional material and
highlights the importance of research on its liquid crystal phase transitions as a significant reference for the

study of 2D material colloidal liquid crystals and the assembly of 2D materials into macroscopic structures.
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Fig.1 (a) Crystal structure of a-ZrP"™"; a-ZrP synthesiezed

by different methods, phosphoric acid concentration
is 12 mol/L, reaction time is 24 h"* . (b) reflux

method, (c) hydrothermal method, (d) HF method.
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(a) Optical image (bottom) and images under cross polarizers (top) of samples; (b) A nematic volume fraction

(sample volume occupied by the N phase)- as a function of platelet volume fraction; (c¢) Oretical platelet volume fraction

as a function of polydispersity for the I-N transition; (d) XRD intensities as a function of scattering angle for various

volume fractions. From top to bottom: ¢,,= 0. 200, 0. 160, 0.100, 0. 074, 0.059, 0. 054, respectively
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Fig.4 Phase diagrams for discotic systems in volume fraction (¢) versus aspect ratio obtained from simulations. (a) General

diagram for cut spheres (NVT MC); (b) General diagram for short cylinders (Onsager-Parsons theory) ; (¢) General

diagram for oblate hard spherocylinders (NPT MC); (d) General diagram for oblate hard sphero-cylinders (free energy

calculations) ; (e) Volume fraction (¢) of the isotropic and nematic (open red volume fraction of the cloud phases)

as a function of polydispersity () at fixed aspect ratios of around 0. 010; (f) Comparison of the experimental ¢; and

@y with simulation data.
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(a) Cross-polarized images of ZrP platelet suspensions 120 h after mixing at different temperatures; (b)Phase diagram

of charged nanoplates in the T-¢ plane; (c¢) Steady-state profiles under simultaneous gravity and temperature gradient

conditions; (d) Time-dependent images of a 2 mm high, 26 mm long capillary containing isotropic sample; (e) Cross-

polarizing photographs of aqueous ZrP-PNIPAM suspensions at 20 °C and 50 “C; (f) Fraction of the nematic phase as

a function of the platelet volume fraction.
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of 20 mmol/L; (f) Autocorrelation functions of varying ZrP at a fixed NaCl concentration and aging time; (g) State

diagram as a function of platelet and NaCl concentration'.
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Fig. 9 (a) Detail of the two samples boxed in showing I-I demixing and rephase coexistence; (b) Phase diagram of volume

fraction variation of ZrP nanoplates and silica dioxide spheres; (¢) Transformed phase diagram; (d) Free-energy

landscape for the chemical potential; (e) Schematic of free-energy landscape and the tangential when the volume

fraction of ZrP is ¢, ; (f) Schematic of liquid crystal droplet with a protective gas layer'”",
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