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Abstract: With the rapid development of electrified transportation, acrospace, high-power power systems,
and other fields, stringent requirements have been proposed for dielectrics used in high-energy-density
capacitors to achieve stable service under high temperature and high electric fields. Polymer dielectrics
possess the advantages of light weight, flexibility, and excellent processability, making them candidate
materials with great application potential. However, existing polymer dielectric materials generally suffer
from operating temperature limitations and cannot withstand thermo-electric coupling stress. However, the
improvement of the dielectric constant is usually at the cost of reduced breakdown strength and increased
dielectric loss, and this trade-off dilemma has become a core problem restricting their practical application.
Therefore, developing intrinsic high-dielectric-constant polymers through molecular structure design
to realize the collaborative optimization of dielectric and energy storage performances has become an
important research direction in this field. This paper systematically reviews the latest research progress on
the relationship between the molecular structure design and dielectric properties of dielectric polymers.
This study emphasizes the regulation mechanism of molecular structure on dielectric response and energy
storage behavior, and reveals the key structure-activity relationship. Finally, this review summarizes the
existing challenges and future development opportunities in this field, aiming to provide guidance at the
molecular design level for the exploitation of high-performance polymer dielectric materials with efficient
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and reliable energy storage performance under high temperatures and high electric fields.
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Figure 1 Unique characteristics and application fields of dielectric capacitors
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Figure 3 Microstructure schematics of various intrinsic dielectric polymers and their corresponding hysteresis loops (D-E
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Molecular structure design of intrinsic high dielectric constant polymers
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Table 1 Intrinsic dipole moments of common dipolar groups

Dipolar group Chemical structure Type of electronic effect Dipole moment (D) Ref.
Methylsulfonyl —SO0,CH;4 + 4.25 [52]
Cyano —CN + 3.84 [53]
Nitro —NO, + 3.10-3.80 [54]
Carbonyl —(C=0)— + 2.30-2.70 [54]
Trifluoromethyl —CF; + 2.40 [55]
Fluoro —F + 1.90 [55]
Ester —CO0— + 1.70-1.90 [56, 57]
Chloro —Cl - 1.50-1.70 [54]
Hydroxyl —OH - 1.65 [54]
Amino —NH, - 1.20-1.50 [54]
Methoxy —OCH; - 1.30 [54]
Methyl —CH;, - 0.40 [54]

+: electron-withdrawing; —: electron-donating
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