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Table\l=partial bond length and bond angle of polyimide fragments

N  R(1314)/mm R(9,10)/nm  R(7,9/nm  A(13,14,15)/° A(9,7,8)/°  A(4,56)/°

N=1 1391 1.422 1.422 121.041 126.108 114.756
N=2 1389 1.423 1.422 121.099 126.045 114.894
N=3 1.389 1.421 1.422 121.115 126.011 114.883
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Fig.2. Molecular optimization model (a) PI molecular single chain;(b) Pi-OH molecular single chain
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Table 2. Molecular geometry under different external electri¢’fields

Pl P1-OH

Fla.u.
R(50,55)/nm A(63,70,71)/(9 R(46,51)/nm A(59,66,67)/(9

0.000 1411 121.099 12420 121.162
0.001 1.411 121.330 14420 121.145
0.002 1.423 121.472 1.421 121.117
0.003 1.424 121.501 1.426 120.049
0.004 1.425 121.534 1.426 119.595
0.005 1.426 121.580 1.427 118.302
0.006 1.428 121.669 1.428 117.915
0.007 1.430 121.707 1.428 116.818
0.008 1.433 221.761 1.429 116.387
0.009 1.436 121.792 1.430 116.008
0.010 1.440 121.917 1.432 115.833
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Fig.3. Changes of molecular dipole moments
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Table 3. Changes of molecular frontier orbital energy levels under different external electric fields

Flau PI PIXOH

EnleV EL /eV EcleV EnleV EvnfeV EcleV
0.000 -7.661 -2.739 4.922 -7.487 3:018 4.469
0.001 -7.666 -2.765 4.901 -7.451 -3.070 4.381
0.002 -7.674 -2.791 4.883 -7:405 -3.102 4.303
0.003 -7.655 -2.810 4.845 -74326 -3.146 4.180
0.004 -7.638 -2.817 4.821 +7285 -3.252 4.033
0.005 -7.602 -2.836 4.766 -7.039 -3.433 3.606
0.006 -7.564 -2.855 4:709 -6.902 -3.546 3.356
0.007 -7.535 -2.871 4.664 -6.645 -3.788 2.857
0.008 -7.502 -2.891 4.611 -6.438 -3.938 2.500
0.009 -7.495 -2.914 4.581 -6.259 -4.067 2.192
0.010 -7.499 <2939 4.560 -6.116 -4.202 1.914
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Fig.4. Orbital cloud diagram’and energy level distribution diagram
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Fig. 5. Molecular density of states under different electric fields

(a) Pi molecule;(b) PI - OH molecule
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Table 4. Changes of space c¢harge trap depth under electric field

F/a.u.
E/leV

0.000 0.001 ¢0:002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010

Eea(a) 2834 2.765\°2.679° 2594 2498 2388 2264 2126 1974 1.806 1.622
Pl Eea(b)  2.721/°2:639,2.204 2116 1899 1701 1.509 1.279 1.006 0.718 0.408
Etrap 0413 O\126° 0.475 0.479 0599 0.687 0.755 0.847 0.968 1.089 1.214

Eea(a) 2965, 2:864 2.776 2.643 2488 2330 2127 1932 1687 1170 0.898
PI-OH  Eg(b) »/p2.639 2503 2.258 2.008 1.798 1.571 1.329 1.063 0.781 0482 0.164
Etrap 0.326 0.361 0.518 0.635 0.691 0.758 0.799 0.869 0.906 0.688 0.734
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Fig.6”Molecular surface electrostatic potential (a)PI molecule;(b) PI - OH molecule
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Table 5. Top 8 excitation energi¢s of PI and PI-OH single molecules

Eex/eV

N=1 N=2 N=3 N=4 N=5 N=6 N=7 N=8

Pl 3.369 3.476 3.770 3.813 3.821 3.912 3.913 3.990
PI1-OH 3.091 3.325 3.381 3.727 3.730 3.897 3.942 3.951
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Table 6. Various parameters of excited state S(0)—S(1)
Orbital
Flau. Srlau. DIA  tA Orbital Contribution(hole) o
Contribution(electron)
0.000 0.383 3.998 1.665 MO 195-12.33% MO 197-76.94% MQ_ 198-95.01%
0.010 0409 3.628 1.234 MO 197-77.56% MO198-94.7%

. MO AR THIE

B 7 P B A I o (), 7<0.000 a.wfiF; (b) F=0.010 a.u.if

Fig.7. Orbital transition of PI single molecule (a) F=0.000 a.u.(b) F = 0.010 a.u.
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5, H s a] e B BROR BELE FRZ AR TR I INTR, P DA SE BRI A A4 R 2 T ) T

HL T B ph R R A, R AR B e 2 AR T AR A T A 1) LT IR B B X 3
4) PL 73T IO BEARR AR, SIARPERHE ), IBUR REHT 3.369 eV [%7y 3.001 eV,

HEEHRIZ R, PL 707 H2 RS 72 i B, Al —HME SR G T,

BRI, BEERM RO 2SRRI PR TR AR, AR

T AR BT
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Surface discharge of bulk materials from the change of charge
trap characteristics of polyimide single molecular chain’
LI Ya-sha, XIA Yu', LIU Shi-chong, QU Cong

(College of Electrical and New Energy, China Three Gorges University, Yichang 443002, China)



Abstract

Surface discharge is one of the reasons of insulation failure. Polyimide(PI)
is used in gas-solid insulation of high frequency electric power equipment.
Therefore, based on density functional theory, the effects of PI and affected by
polar group OH which their single molecular chain structure, energy level and
density of states, electrostatic potential, excited state and other-micro parameters
under external electric field on trap formation and surface “discharge are
discussed from the atomic and molecular level. The“fesults show that the
structure of PI is crimped and the dipole moment ‘inCreases under external
electric field, which is easy to accumulate charge to form space charge center,
especially after the introduction of polargroup”OH™. In the PI molecules, hole
traps are formed in the benzene ring’tegion, and electron traps are formed in the
imide ring region. The number of electron trap energy levels is large, in which
the space charge trap depth gradually deepens with the increase of external
electric field. After th¢/mmtroduction of polar group OH™, the excitation energy of
PI molecules decreases,which makes the electrons inside the molecules become
casily excited. The spatial separation of electrons and holes decreases with the
increase of eleetric field, which is conducive to the recombination of holes and

electrons to emit photons.

Key words: density functional theory; trap; excited state; surface discharge
PACS: 21.10.Ft, 31.15.E, 77.84.]Jd
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