@R 2023,56(2)

% MG - PR SLICE AL o/ H SR I ML % 731 5 TP R R

79

BIEMERES N ERBERITE S Tt PR

Fam, TR, RFE, FFR,
FREE, B B, RO, &

(1. PEAAFrd AR, % 100190; 2. &3 KF BRI RIE/MESMHHFE,
I &g 330031; 3. PEAFHEASF TEAFFRE, L® 100049)

8 EARSCHETT T 10 Ff a5 B /AN SR 0 (14 73 1 B SR AR AR A A v B, RIS 2 T 232 e B8 (DFT) 2 7 1
By (MDD, THE T BIS % E  H AR 2 B A AR B LR AR AR AR O S B, S IR A 5 e
SR V. Ji Pk 2 F A AR 5 v ) B 8 4 A AR F) B e AR 20 0, SRR T B 45 R 5 S 5 R AW & o AR UL T A fl
T JRE 5 Ao Y 5 16 R P v FEE A K ) AP A0 R 85 B A KH 2z 403 Y Rl PAY £ 00 e A S o A sy e 0000 2R 0 e A HRL R S
T EERIIR AR

K SRA) : BN s A b s AR A L H B

FESES  TM215 DOI:10.16790/j.cnki.1009-9239.im.2023.02.012

Applications of theoretical simulation in molecular design of
intrinsic high permittivity polyimide

LUO lJinpeng'?, LIU Xuepeng', ZHU lJiafeng', CAO Shimo'?,
YIN Chuangiang®, XU Ju'?, LI Xiaomin’, TONG Hui'

(1. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China; 2. Institute of
Photovoltaics/School of Physics and Materials Science, Nanchang University, Nanchang 330031, China;
3. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this paper, the aggregation properties of molecular chain as well as permittivity of 10 kinds of polyimides
containing carbonyl group or sulfone group were characterized. Moreover, microscopic parameters such as theoretical
density, free volume fraction, polarizability density, and dipole moment density were calculated based on density functional
theory (DFT) and molecular dynamics theory (MD). The results show that the partially crystallized polyimides show
relatively high theoretical density and low free volume fraction (FFV), which indicates that the measured results are in good
agreement with the theoretical calculations. Compared with using polarizability density, using dipolar moment density,
which is highly correlated with the orientation polarization, provides a more accurate prediction of the size of the polyimide
dielectric constant in relation to the molecular structure in tests in the frequency range of kHz .
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Tab.1 The simulated density, volume parameters, polarizability, dipole moment and experimental dielectric constant of polyimides.
PIs “p/(g/em?) Rl (A% VA W/ (A%) O/ %0 bg ‘o alV 4, ‘u/(Debye)  (u/V 4)/ (Debye/A%)
CPI-1 1.233 29 878 9 444 22983 24.00 4.77 352 0.918 8 2.73 7.13
CPI-2 1.239 36 020 10 500 27708 22.60 4.25 427 0.925 4 3.35 7.25
CPI-3 1.295 37217 8532 28 628 18.60 4.13 415 0.869 4 2.08 4.36
CPI-4 1.228 30 748 8569 23 652 21.80 3.99 353 0.894 8 2.38 6.03
CPI-5 1.329 31772 8306 24 440 20.70 5.23 363 0.900 9 6.55 13.80
SPI-1 1.304 30810 9204 23 700 22.80 5.08 355 0.901 2 3.65 9.24
SPI-2 1.289 37202 10319 28 617 21.70 4.66 429 0.901 4 4.08 8.55
SPI-3 1.332 37 541 8422 28 877 18.30 4.60 417 0.867 9 2.57 5.34
SPI-4 1.264 31634 9418 24334 22.90 4.50 356 0.878 2 3.17 7.82
SPI-5 1.378 32943 8352 25 341 20.20 533 366 0.861 6 3.33 9.54
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constant and microscopic parameters
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Fig.5 Molecular stereo structures and electrostatic potential surfaces of polyimides
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