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Mechanism and regulation of supercooling behavior in imidazolium-based

ionic liquids

CHEN Chenglei, LI Qi, WANG Yi, HE Jinshen, WU Yuting

(College of New Energy, Beijing Key Laboratory of Heat Transfer and Energy Conversion, National User—Side Energy

Storage Innovation Research and Development Center, Beijing University of Technology, Beijing 100124, China)

Abstract: Imidazolium—based ionic liquids have garnered widespread attention as medium— and low—temperature

phase change energy storage materials due to their advantages such as a broad liquid temperature range, tunable

structure, and good thermal stability. However, the supercooling phenomenon during their phase transition process

severely restricts their response speed and cycling stability in practical energy storage systems. This paper

systematically explores the formation mechanism and regulation methods of supercooling behavior in imidazolium—

based ionic liquids. The influence of factors such as alkyl chain length of the cationic group, anion type, molecular

symmetry, viscosity, and hydrogen bond network on supercooling behavior is mainly analyzed from thermodynamic

and kinetic perspectives. Researches indicate that increasing the alkyl chain length enhances van der Waals

interactions, raises the enthalpy of fusion and melting point, thereby reducing the nucleation energy barrier and

suppressing supercooling. The size, symmetry, and hydrogen—bond accepting ability of anions influence the

crystallization tendency by modulating the local structural order. Furthermore, to address the supercooling issue,

this paper summarizes various effective regulation strategies, including the introduction of nucleating agents,
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synergistic use of nucleating agents with porous materials, nanoparticle compositing, and external field-assisted

regulation. These methods effectively reduce the degree of supercooling through mechanisms such as providing

heterogeneous nucleation sites, imposing spatial confinement effects, and altering crystallization kinetics pathways.

Finally, the practical implications of the supercooling behavior of imidazolium—-based ionic liquids are discussed.

Keywords: imidazolium—based ionic liquids; phase change materials; supercooling behavior; nucleation regulation;

thermal energy storage
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Table 1 DSC results and nucleation energy barriers in [ C,mim ][ BF4] ionic liquids of varying chain lengths'

16, 20-23]

EEER n T /K AH/(J-g™) AT /K y(mN-m™)  S%/(J-K'-mol) AG @298 K/(m]-m2)
[C, mim][BF] 2 28542 9.5~10 — 50.1 349.7 —

3 262+2 7~8 — 47.0 384.5 49.4

4 284~286 10~11 — 447 418.9 —

5 248+3 6~7 — 429 453.5 41.1

6 289~291 12~13 40 41.0 4883 —

7 308~312 14 55 — — 35.5

8 318~320 16~18 50~60 — — —

9 330 20 55 — — 315

10 360 22 55 — — 29.8
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s /A
C,mim" C,mimCl C,mimBr C,miml C,mimBF,
NI—C2 13309 13327 13321 1.3338 13281
C2—N3 13295 13303 13295 13315 1.3270
N3—C4 1.3761 1.3776 13775 1.3794 13772
C4—CsS 1.3562 1.3557 1.3558 1.3599 1.3549
C5—N1 1.3766 1.3807 1.3803 13814 1.3769
C2—H9 1.0781 1.1213 1.1122 1.1043 1.0782
C5—HI11 1.0771 1.0765 1.0765 1.0786 1.0762
C4—H10 1.0770 1.0766 1.0766 1.0787 1.0760
N1—C6 1.4636 1.4569 1.4575 1.4598 1.4600
N3—C7 1.4746 1.4730 1.4732 1.4736 1.4701
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Fig.5 Experimental far-infrared spectra of samples DMEI-
TFSI, EMI-TfO, and EMI-MS (redrawn based on Ref. [46])
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Fig.7 Radial distribution functions between Cl™ and the center
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