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fr7s. {8 F Build polymers #57. PP 1 PVDF 43

# 1 Compass IT JI37HBEMSE AN
Table 1. Force field potential energy and parameters in COMPASS II.

Eotential Function form Parameters and units
4
Ehona Boona = > ky(r = 10) + k. (r = 10)° + k{ (r = ro)* ky/ (kealmol 1A 2); 7, /A
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_ _ 2 3)p 3 4) g 4
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Boutof-plane = kow? - 0
EouL—of—plauc out-of-plane out-;-plane “ kw/(kcalmol 1); w/( )
12 6
o o
Eyaw Evww = Z de (*> - (7) E/eV; (T/A', T[]/A
’L,] 7’1] 7’1]
o qiq;
Eele(t tat Eelectmstatlc - ; 47‘507'1']' q;, qj/C; Tij/A
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Sy FHER 1 5% PVDF 43 F4EdEAT 84, JF3E17 DA
THCE: RN 298.15 K, JE5#-N 1.01x10* GPa,
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ATEEFRAL L 1R KA I S 533 ) 2 P At 7 1L,
JE R SN 2(a) B, Hoh [{ e &R T, K
NIRRT, B R T, BEOIETIEN AC &
¥, MfIZEA R 3D Triclinic.

K1 PP/PVDF & & # k4 H 454  (a) PP; (b) PVDF;
(¢c) PP-g-MA; (d) PP/PVDF

Fig. 1. Spacial structure of PP/PVDF composites: (a) PP;
(b) PVDF; (c) PP-g-MA; (d) PP/PVDF.
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BT AR 0%, 2.74%, 5.33%, 10.13%, 14.50%,
18.47%, 22.05%, 36.22%, 52.97% 4T M 4
¥, IR AT g S AL B S A Sk 2 firgil.
[ B X AT o F R RS, £33 18] 2(b)—(1) BT
IR F LA IR Herp e kSRR T, AT AR E)
MA 73 FE LI E] PP T4k L.

Kl 2RI PP/PVDF Z& MK THMBEL  (a) 145 (b) 245 (c) 345 (d) 445 (e) 54 () 64 (2) 745 (h) 845 (i) 9#
Fig. 2. Molecular structure models of different PP/PVDF composites: (a) 1#; (b) 2#; (c) 3#; (d) 4#; (e) 54 (f) 6#; (g) T#;
(h) 84 (1) 94
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%2 Al PP/PVDF K& MOEHMA AL 4
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Table 2.  Designation and mass fraction of differ-
ent PP/PVDF composites models.

PP-g-MA/%

FES T PVDF/%
MA PP
1# 0 77.94 22.26
24 2.74 75.52 21.74
3# 5.33 73.41 21.26
44 10.13 69.57 20.30
54 14.50 65.94 19.56
64 18.47 62.83 18.70
TH# 22.05 59.84 18.11
8# 36.22 48.51 15.27
04 52.97 35.34 11.69

2.3 HFhhEHRL

2% Martinez 55 9 XM RS AL L 1R KL
Koy 8 T P 2 80, 1 SEXT PP/
PVDF & & #1745/ 4k, 7F Forcite Tools
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103 keal-mol LAY, Xof h A & R 7 W SUbR Ul
1x107 GPa, BERIE 7 A8 b I {H 1
A 1x10° A. £ Compass IT J137IVE T ks
RUECH 1x104 25, BEEEAAS W R, i iy
i M S B R AR Ak, LAY A S5 44 FAH AR
PG T HNE 5.
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1k. #£ Forcite Tools B {ifi ] Dynamics &bk, 7€
Compass IT JJ31EH TR ERE N R EE (NVT) i
700 ¥ 2 dll, RS IRSE R RS (NPT) T
YRl Hor, AR A RO E R R
Eward #1 Atom Based Jyi%, #5777~ Nose, i
JEVCEHy 298.15 K, JE 58 /Y942 i K 1] Berendsen
Jiik, IR E A 1.01x10 4 GPa, 2 S i)
A 1x10% ps.

2.4 FERESH

AT Skt B, Je)a R NVT %
LA NPT REEXR R AT 3 12 P-4, ml LA
RN FRE R I S . K] 3y 24 Bk
1E3h J12F AL 0—1000 ps PN BE AR (925 1k,
Mgk, s 3 LU, sk, A
UR AR FFAE TE (A T, UERAIR R © &k B OF
flir. KRR DY RE I I Se e (R A 18 3l (bR
FEARMIL 4.78%), IXFF 4 Andersen PRI E
F LS T 201 R BH LR PP/PVDF Z & # 82
ZIRFIREIRAS. it BRI, NG T 14—
O#IZ A M B R 45 fi F 1 I8k 2 e R, ank 3
Fig. I3 3 FTLAE i, 45 A pHRHR e D% 8h 3
AN 5%. AR AR BT NG A 210 X ST A bR 2 Y ) o
W], PEi AR R RS B T RE R AR, B4 7
B VAT R R G, SE T B e T
BWHEE, AIESE 0T E TR HE T JER).

400
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Mo e i A
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©w
S
3
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(a) RESE R R A9 224k 5 (b) iELE B 1R] A9 A8 1k

Fig. 3. Time-dependent energy and temperature variation curves of composite 2# in the PP/PVDF system: (a) Energy variation

curves over time; (b) temperature curve over time.
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# 3 NPT F#ij5 AR PP/PVDF &4+ k&
AL ) Sl el

Table 3.  Fluctuation range of energy and temper-
ature of different PP/PVDF composites after NPT

equilibrium.

[V S
5 W /ps R pe

Wesh/%

Epotcntial Ekinctic Enon—bond EloLal

1# 58.93  3.25 1.56 3.85 4.52 4.11
24 74.68  2.89 2.56 4.26 1.57 2.10
3# 25.95  4.56 4.56 3.73 2.94 1.61
44 78.59  1.12 2.76 1.52 4.51 1.52
5# 85.45  2.59 3.81 1.14 1.52 3.20
64 36.58  3.58 4.19 2.81 2.73 2.17
T# 57.58  1.56 1.25 4.20 2.85 3.96
8# 85.42  3.20 2.48 1.52 4.22 2.57
9# 54.20  2.74 4.21 1.23 2.52 1.85

3 X5t
3.1 SgESWm

FLF Ferraris M1 Ivaldil® #ify 37 it S8R HI4E, 1%
ERHEK <3.5 A, #ff1 =135°. f£ PP/PVDF B4
PR FE5 T isE SUHE U B AR Rl 3.5 A,
& Y £ BE 5 B A 135°—180°. L 94K 4], il it
i EAT RN 4 rh s B 1R, Horb i (g 43R
7~ PP/PVDF & & 8 e iy SV, 5] 4 2%
I HEFRT LA ), U AU 5 FR A
JEFIE AN TRV B (0 . SR I 2431 3 12
&5t PVDF LR FUR TR MA F23E i) &R
TR, ICR A #1535 PP/PVDF
A MRMEAR R B2 R T i A EOR CR N E 5
FR.

K4 9#E G S AL
Fig. 4. Spacial distribution of hydrogen bonds in composite
9.

22
20
18
16
14
12
10

sk

Number of H bonds

6 F
4k
2
0

1# 2# 8% 4% 5# G# T# 8% OF
B 5 A[Fl PP/PVDF & & M kY SR = A e i 3

Fig. 5. Variation trend of hydrogen bond number of differ-
ent PP/PVDF composites.

WL 5 ] LUE B MA 50 i
1R, EUEEEE N 109 0 AN N E] 841 20 4.
XEHTATFTIHREERAKENZ, Gy
PVDF H 35 T8 i S0 i SR T B 3 . 78
ST IR B A, AT S0 BT A7 5 3R B 1 A
{HAE 944k, B MA Juig /- B0R 2] 52.97% B, S
BORFFLE] 13 4, T 8#BHE/N T 35%. 4347
FEAE R R ) S PR AT BB S T LA R L.

5, B MA B4 A RN, MA 45
FRILFFAERGSR T 25 (B BH0N; , 734 PP 5 PVDF
Gy F [ I HERRRLN 2 Wi, PP 5 PVDF 43 [H]
AT B AR K o b A e BR i) T T B S A R
TFREJR TR A B SR, Kk, 78 PP 5 PVDF
IERZR T, FURTZS5 QY G i R
FRIFME, 24 MA 53 F e 0535 A R 25
P8, FECEEEN AS R AR, B, B
J5L - 8] 2% (] 4 B C—F---H—O 8 6 < 135°,
M T I SO, TR TR R R DL
SIATULE, BEE MA B BN 3, SR IE
BA 3 % PVDF R 1Ml PP i &R FIE AR
S MER I . SR, Y MA J 50 R
25 [A) 57 BEL %) A FH A5 SR 308 e, SRSt s 1 o A
RA, K33 PP/PVDF & Ak R b Sk it

3.2 BEESDH

T A8 1E M, PP/PVDE & &40k U5
FRAE T Z B =G, S8R
RERH 2 A A AR P31 PR 14— 9 T AR
YEIRERY AL, W% PVDF # PP WSS 1E. 16
Compass 1T Jj3 FIHHHARRWHGE, 153 PP/PVDF
HAFEHAZRER TN 4 Fr4).
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4

AN PP/PVDF & A& AEHA ER AR

Table 4.  Energy evolution in different PP/PVDF composites.
Eyoncbona/ (keal-mol 1) Eagonal/ (kcal-mol ) Binteraction Erota
/(kcal-mol 1) /(kcal-mol 1)

Eyiw Betectrostas Eyona Eongle Eiorsion
14 84.65 853.99 214.04 371.93 ~721.02 53.49 552.18
24 85.17 906.80 215.48 398.77 —~728.18 63.88 601.15
3# 86.71 977.26 217.09 412.65 ~751.63 75.86 654.46
44 97.89 1083.01 218.45 448.12 ~753.56 85.58 723.28
5# 110.28 1205.79 242.31 453.70 ~770.93 88.09 828.37
64 110.97 1332.96 264.16 536.79 —787.47 89.02 898.72
TH# 122.93 1462.88 268.80 547.69 -792.07 108.50 1002.49
84 132.42 2094.95 309.91 689.15 —-858.76 127.05 1413.73
9# 55.29 3377.36 402.88 1026.23 -1028.7 74.86 2171.63

H 4 B 4 T LA 2 DL R 1558, &
- (8] /%) 75 158 FC B 307 AH B AF FH BEMN 14409 84.65
keal-mol 4 K F] 84411) 132.42 keal-mol L. 3% 42
TS E ACR M 5R, S8 PP 5 PVDF 4 1
5] Y B AR /N AR B R T R 22 ARG (U RIRE
J1A 5. {H MA 2k iR 5] 48], Y548 FLH-Hr
FHEAEHIRERAKE 55.29 keal-mol ! /N T 58.25%.
HEE, T MA 480t 2, ffS T PP 5 PVDF
G ) A A5 ol (0 A2 T AR N, 2 B0
B) P B 38K, AH EAE H SRS, PP/PVDF &
B APEMA R AR AN HRI].

Hk, B AR EAERHBEM 1448 853.99 kcal-mol !
— AN 9O#AY 3377.36 keal-mol 1. 3% S i T
FLAE FH BB A 5 132 5 . g 0 0 () B8 185 1) F 7
R R4 Bid PP 5 PVDF [H 23 (] 45 SH i 52 i G
B, (e RE I Az B S R e A .

)5, MHEAERHBEM 1479 53.49 kcal-mol * 1
TN 84411) 127.05 keal-mol ! J5 Ul /NE 941 74.86
kcal-mol . 73 #T A W] i J&: PVDF #1 PP 43 F-%%
Z A AH AR I e sz 2 S SR FHASCR Y7 O -
AHEAE FBE LA R B e A B AR FH R L R . RS i
P FH A FH i 8 3 e i, {E GG EAE B T RE Y
TORRATY 55 T S S VO FUEE R, JeiR T S
Y7 FCE- 4T AH LA FH RE D85 T HE R 1) £ T 5 ),
PRI AH B FHRETE 9IS I/ T 41.08%.

FHEECR A INfE PP/PVDF & &8RP
BT E 2SR, /0 N R YA P A AR
FfiE . #r A EAE HBE . TR AH BAE BBkl
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3.3
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I3 B3 [A) 25 At St g A, 7.

PP/PVDF & &8 844 %> T 19 H i AR FR 40
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BHIT bW 2 RARR, 3 @ & A RHG A i
PRBL U N 1738 3] 84, i (ko B
o 110 2 ) R 0N, B 5 R T
PP/PVDF Z&MARE I A i AER8N. [HAE MA
JiE M BOAE 52.97% B, MA 4 28 259 1536
X, W 6(i) BR, BT F PR, A
HARBUE R, W EER S S =S AR, ff PP/PVDF
SAE MR 4323 (R 254 52 30508 % 5 b 1)
A AL
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6 AW PP/PVDF Z &K A HKBURLEL  (a) 145 (b) 24 (o) 3#; () 44 (e) 5 () 64 (8) T#5 (h) 84 (i) 9%
Fig. 6. Free volume models of different PP/PVDF composites: (a) 1#; (b) 2#; (c) 3#; (d) 4#; (e) 5#; (f) 67; (g) T#; (h) 84; (1) 94

AT AR R S
Ve

v = y 3
f Kotal ( )

L, o MR A AR . R R S T
PP/PVDF & &M EHY A tRBU A i 7 .
M7 0T LU H H R R F AR N 144109 23.75%
TR B WAL, — EI/NE] 84 /IME 16.03%,
BN T 32.5%. s3Hr A XA IR R 78 PP/
PVDF & &Rk, SR R 57 8] 7= A3
H4. M PVDF H F R 5 PP 1 H R FIE AL
R RO R RT3 2 Uk AV FEASOR B8R, 71
[EHE B AW, 20719 A AL, PP/PVDF
A MR ZS [R5 K 1 i AR 1 B % . K, 2 MA
BB 36.22% B, [ HARER S A SR ]
941 50.64%. XS FH T2 [Al57 BHAL N 128 5 T &

55
50
45 +
40
35
30
25 F
20
15

Free volume distribution/%

24 3 4 5 Of TH S of
[ 7 ARSI PP/PVDE 5 A 0RH ] th U155 4

Fig. 7. Variation trend of free volume distribution of differ-
ent PP/PVDF composites.

XS 28 R 25 A, 800 T-BE Rl R R
Iy TR0 AR, PP/PVDF & ARk 2 R 45 4

AARHIAR.

3.4 HOMO-LUMO 84 #h
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JE | RREME B BTG ). FER SR SR,
U 3 R I 43 ) A LA AR R R B
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A A 2 B A R R R R IX B 4 434, 1T LA SE
#| HOMO 5 LUMO e 2544 1 56 1 . TE AR Az
BB AR B

o) = An VE @
X, m N TR, EE TR BES A BE &
R R B RN Bt 25 [ S5 48 R R O HES R
LR A ARk, TR 1A Bt 25 A8 Ak, 1 1T 52 0
PP/PVDF & & #4817 AH AR, DT 52
HOMO-LUMO REZ L WM A% B TR

%% Le 55 P X G WA BHE T 2511105
BORE, RICRHT X EEIT A T ) Perdew-Bur-
ke-Ernzerhof {7 PRZEF T HLF A B OB RERY AR, IF
5 - T e L A AR BE S E N 520 eV, DAB R BE
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IR 1 meV /atom PAPY, #2201
. WPy B, 1558 PP/PVDF B &M
BEBE (DOS) 4 EmnE 8 R, T 945 14—
SHM LA, Bt R M 148411
BREE. K 8 T LA, 7E 0—5 eV I ABH X
[6]>% PP/PVDF &AM EHIHBR, Bl BRI/, 2
BN 1409 4.76 eV FFURZ W0, — BN 84
1 3.13 eV, /N T 34.24%.

2000 _M
3.1

7

| M

i SV Nt
3.85909

5%
1000 -M

37
500 4.27997

1%
or £4.76426

Density of states/(electrons-eV—1)

—30 —20 —10 0 10 20
Energy/eV

8 A PP/PVDF &4 b} il 25 B A fb s 3
Fig. 8. Variation trend of state density of different
PP/PVDF composites.
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FEH SIS, B HOMO fegaii et
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HI 55 T -2 OB OR e e, DT R AR R
B, fff PP/PVDF & & MR 25 % B BRI 7 R
S ST Y

3.5 HBEESZEES

Wi S A N, SRR R AN,
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AR AL B3 R T 25 % B AR O [R) SR sl =2 ]
1) HL A 43 A 25 5, OB T HL - FEAN ] DX s ) SRy i
17284k, AT LR FOR AN R | 43 sl AR
Z B FELfr 25 5 FL fr 2543 5 B I T A 5k 1B

Ap = paB — pa — B, (5)
o, pap TR B IS TR R A HLAT 2 B, pa F1 pp 53
SR BT IR A TR B AYH 25 B ALy
2003 B LUSEBFSE PP/PVDF &M R A
HAY A EAEH. PVDF 4> F /1 PP IR &Y
HhY SE T A AT 2 43 B T LA LA ) PR e 4
SRS O, B RSB E TR B H 8 B AR AR IX
BRI

15 E155) PP/PVDF & &1 kHY H fif 2243 55
FEQE 9 Fin. IE 9 ATLIE Y, £0 66 X3k Ap >0
FORH PR, AKX Ap <0 FRHFRA. 8

8Xx10-4

4x10-*

—4x107%

—8x10-4

9 N[F PP/PVDF Z G MBI ZHE  (a) 14 (b) 24 (c) 3#; (d) 44 () 5#; () 6#; (8) T#; (h) 84 (i) 9%
Fig. 9. Charge differential density of different PP/PVDF composites: (a) 1#; (b) 2#; (c) 3#; (d) 4#; (e) 545 (f) 6#; () T#;

(h) 84 (i) 9#-
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P, BRFT S PR €0 DX, ] Bl Pl 3k T L 3.
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TR T2 A FEE A, PVDF 7RI A U X I
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SRR T2 B E R A0 A0, AR T AR SRy DX s
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REL2 A REE B RS, R AR TR AR A AL
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LS 25 SR B — Bk, P, RIS
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3.6 PABFREZR DI
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G312 8] B af A 2B 2 2T B A B B
RE K AR Ak, FABIRRES S e T & A bR SR A
GORAS AL R 43 T FH s 1 35 AT o H 7
2SR BE ST, DA R 22 R A A oA i
AL, EHEE T T AR Sy o2 7O E
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AT BB BB, 43T RO SR B [p) M PO
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K, p NRGIE LA, F o] N TR,
Ei[p] A FEECHEAEHRE, Exlp) HHEFHEZE
P OCIRBE; Vie(r)p(r)dr RIR TS MRPEEZK
WEBT B A5 IR, A BT A BER B R R G W 53
TR Y BE R D A D RE L M B

EAyp = E(A) — E(A7), (7)
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2 s AR 5 Off TH S# 9%
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Fig. 10. Variation trend of trap energy levels of different
PP/PVDF composites.
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Effects of hydrogen bond on molecular structure and charge
transport characteristic of polypropylene composites”

LI LiliY HAN Shuang! WANG YulongY?? LIU Tongjiang !
LI Yuzhe?” GAO Junguo!

1) (Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, College of Electrical and Electronic
Engineering, Harbin University of Science and Technology, Harbin 150080, China)
2) (Sichuan Provincial Engineering Research Center of Hydrogen Energy and Multi-energy
Complementary Microgrid, Mianyang 62100, China)

( Received 4 March 2025; revised manuscript received 7 April 2025 )

Abstract

Simulating molecular structures and dynamic behaviors presents critical insights into the microscopic
mechanisms governing variations in charge transport properties. In this work, molecular dynamics (MD)
simulations integrated with the Compass II force field and molecular modeling (including geometry
optimization, annealing, and dynamic equilibration) are conducted to systematically analyze intermolecular
interaction energy, free volume distribution, electronic density of states (DOS), charge differential density, and
trap energy levels. aiming to unravel the regulatory role of hydrogen bonds in the structural evolution and
charge transport dynamics of polypropylene (PP)/polyvinylidene fluoride (PVDF) composite systems. A
quantitative framework is further established to correlate hydrogen bond density with key material performance
metrics, such as free volume fraction, bandgap energy, and trap energy depth, thereby elucidating the hydrogen
bond-mediated modulation of molecular architecture and charge transport behavior in PP/PVDF composites.
Simulation results reveal a pronounced dependence of hydrogen bond formation on maleic acid (MA) grafting
content. When the mass fraction of MA is 36.22%, the number of hydrogen bonds reaches a maximum value of
20, the intermolecular interaction energy increases to 2171.63 kcal-mol !, and the free volume fraction reaches a

minimum value of 16.03%. At this point, the internal structure of the molecule is most compact. When the
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1 Corresponding author. E-mail: wangyulong@hrbust.edu.cn

127702-11


https://www.doi.org/10.1109/ICD59037.2024.10613259
https://www.doi.org/10.1109/ICD59037.2024.10613259
https://www.doi.org/10.1109/ICD59037.2024.10613259
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.7498/aps.71.20220052
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.1049/hve2.12497
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.13334/j.0258-8013.pcsee.2015.23.017
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1146/annurev-matsci-070317-124435
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://doi.org/10.1063/5.0246100
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://sioc-journal.cn/Jwk_hxxb/CN/Y2010/V68/I16/1653
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.13336/j.1003-6520.hve.20232036
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1063/1.5047673
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201900875
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.1002/adma.201805672
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.13334/j.0258-8013.pcsee.182401
https://doi.org/10.1016/j.compositesa.2022.106993
https://doi.org/10.1016/j.compositesa.2022.106993
https://doi.org/10.1016/j.compositesa.2022.106993
https://doi.org/10.1016/j.compositesa.2022.106993
https://doi.org/10.1016/j.compositesa.2022.106993
https://doi.org/10.1016/j.compositesa.2022.106993
mailto:wangyulong@hrbust.edu.cn
mailto:wangyulong@hrbust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025) 127702

mass fraction of MA increases to 52.97%, the band gap of the composite material reaches a minimum value of
3.13 eV, and the depth of the trap energy levels also reaches a maximum value of 3.06 eV. Spatial charge
differential density analysis demonstrates that the enhanced electron density is localized near hydrogen-bonded
region, thus suppressing electron escape probability by over 40% compared with the scenario in the non-bonded
domains. All of the findings highlight a dual mechanism: hydrogen bonds not only reconfigure the molecular
topology but also reshape the localized charge distribution, directly suppressing the carrier mobility and
changing the charge transport pathways. These findings also establish a robust structure-property relationship,
showing that hydrogen bond engineering serves as a pivotal strategy to tailor dielectric performance in polymer
composites. By optimizing hydrogen bond density, the trade-off between structural compactness and electronic
confinement can be strategically balanced, thus enabling the designing of PP-based dielectrics with low carbon
footprints and superior insulating properties. This mechanistic understanding provides actionable guidelines for
advancing high-performance insulating materials in energy storage systems, aerospace components, and next-

generation electrical devices, where precise control over charge transport is paramount.
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