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Properties prediction of polyimide packaging body

YANG Hong-jun', QU Fang-sheng’, YANG Kun'
(1. Depetment of Technology and Physics ,Zhengzhou University of Light Industry , Zhengzhou 450002 , China;
2. Department of Physics ,He'nan Polytechnic , Zhengzhou 450046 , China )

Abstract ; Seven packaging bodies of PI have been designed and a series of geometric optimization, energy
optimization and molecular dynamics optimization of which is carried out by MS 3.0 software. The amor-
phous structure, parameters of cell, final density, cohesive density and solution parameter of PI packaging
bodies are predicted by the analysis module of MS 3.0 software. The results of simulation illustrated that
the density of PI packaging bodies is similar and the maximum error is 1. 9% , which reduces 11.5% than
the first; The cohesive solution parameters are less than theoretic value of PI; In the process of molecule
dynamics simulation, bond length and angle versus time are almost unchanged; The results of radial distri-
bution function demonstrate that there is a amorphous structure of having short-range order but without
long-range order for PI, which is close to real PI thin film and is used to further simulation and calcula-
tion.

Key words : polyimide ( PI) ; molecular simulation ; packaging body

0 2| PERERIBIE ST #5325 TE, 20 TR EOR 7] RIAR 2K
H B ) A IS R BLE ARl 2o A BB Ak
AR IR R A o T R R S R AT LSl i g S ff 2558 45 0 9 % A B il Ay

¥ #S B H5.2012 - 06 - 27
EEWHE Mz k2rraa74 4 8 (2010X]J007)
EERIN ML E(1980—) , B, i B E M AL, FRMN 2 T WSR3 0F A, T 20F R 7 v it R 4 % 4



14

W E % R BT e 5 TN 51

T, A T AR ) 45 4 R RE TS T AT AR R R
({75 "2, Materials Studio 3.0(MS 3. 0) % {4 1] L
SHEUREAVA RIS i Qi LRGN R A Rr S
WFFE i JW)  To L A A S5 48R A L 5 25 4 | i B IR
5. FUTMS 3.0 BRPFBEU R 4350 RHS 2= A At
e, A BT A TTEA ST B 731 J2 BB Y L il
G S B8 Bl = AN N (1= e 7 = 30
ASLADL O ELAT A5 BA AE B 43 F- B0 BRSO 4 1, X
R TR AR S I BHURIT T D A ST MS
3.0 B AL it R 0 e ( PT) i3 21V S 245 4y, X6 P
BRI ) B A JE R L IR IR S R
] 53 A1 BRASGHA TR B, X L PT Bk 5 55 FR Pl
WA BRI, DUION E— P BT 5 PT B
(1) 45 K FEAE M 45

1 PLRYERE AR SRS R 5 A 5]

1.1 PIgy$E

PI{ BRLAR 5 5 R0 70 T4 Ak 43 i an 181 1
& 2 fiiz~. FIA MS 3.0 #1385 Amorphous Cell #5354
i PLERRAR, SR Compass 7137, 76 300 K =i T,
B PLERARMYIGR R R 1.36 g/cm’.

H H
S P H
//C_C\*t, \C\O” \.-E/ \C—C/
—0—¢ T N
B N A (R S C—0—H
G N =
H H a ‘ \D ]'[/ \H

B2 Pl&RMHTHEH

FIFH MS 3.0 BfFadSr 40 35 A [Fl Js 18y P
B, IR PBABEVEAT B2, BT [ R4 2 40
INPE 3 A 1 FTR  38 ad ARE A 2 Br B B R T 58
ESEYENR & O RET D
1.2 Pl REMHIFRSELRY

TEXT PG W AR S 25 2540 r AL o 7 vy, MS
3.0 FfF 2l FRPE L 4605, A v e o
M E R, HEF MR AP AE. NI, fE20 B P
KAV AR S LR, APTFER PLEPR RO AT

B3 Pl ##Ek
%1 Pl kA

gem EE MR BPRIE  BPR ERRIREE/
oA JRTFR MURTFEOR T /im (geem ™)

PL,—1 Pl 32 1176 2.6432 1.36
PL,—2 Pl 587 1761 2.7985 1.36
PI,—3  PIL 782 2346  3.107 6 1.36
Pl,—4  PI, 977 2931 3.2423 1.36
PL—5 PI, 1172 3516 3.4760  1.36
Pl,—6 Pl, 1367 4101 4.0549 1.36
PL—7 P, 1562 468 4.3459 1.36

—ZRAN B LRI RE LA , D8N N A3 S, 1
PLR R B RE AR H O IRAR.

TN ) AR R &0t A B s &
By 2y A A R (P) SR (T) XF PL 4
KBS, Y8 CVFF J13%, % Al Ewald Summation
%t PLAY 7 AR ST NVT (normal voltage and
temperature ) , NPT ( normal pressure and temperature )
oAk, W SR ME S Bl RMS =0.000 42 J - mol ™'
PG5 0] LU AS [R] ) P 25 (A 1 S5 45 48 2 1 7
.

1.3 PIRAEVIERBELEHMERENHTE

ST Y PT AR 552 0R PTG W) 1 P B2
AR RSO T, BB 7 H A 1k 5 ARk, AT AE 4
TRV LB LR 4 A7 T LA .

1) PR G YIAR 10 73 A e O IR A 7 I
BIT;

2) Pl &3 B T M A5 10 S 80U B AR IE B AT &
2 Il A PSR

3) PTSPAAR R L

4) PT B3 14 P SR Al 2% B TN A 2 S50



- 52 MBIV ZREHR(BARNFER) 2013 4
. £ 394 -
2 LSRG £ v
> 39.0
2.1 PIHEERZES R ﬁ 38.8 B
38.6
C BT NS T N S P [ d oo = Mt 2 L PE |5 % 18.4 . . . |
Eﬁ‘aﬁiﬂﬁiﬁﬁﬁ? Sy S WY R (L Ny B e s a4 0.00  0.05 %10 0.15 020
ps
oA R PR ) 73 T 254 AT LA PL 42 )i ayf
?ﬁ‘:rﬁlﬁfﬁuéﬂ(ﬂ%%‘zm,ﬂﬁﬁ MS 3.0 %) P15 004
AW RYAR 8] 53 A BRI 4. < 002 | y B
 90.0
14 & 89.8 | @
Z % 89.6 | ) ) ) ,
FE_E 10 0.00 0.05 0.10 0.15 0.20
& T/ps
" 8 b £
=
I
<, S &5 Famd Pl
I VI N SR I A 2,
0 bt :
01234567 891011121314151617181920 A2 PlHEIRGBATE
rx10™"/m
o Bl PR BPEER AR
B4 PloRTaeN WE M BB BRTE /(geem )
PLL—1  PI 392 1176 1.204
I -10 L 1 1
Hﬂ[z]“?fn‘é”d'oxm m IR, JC A PL—2 P, 587 1761 1.202
1.08x 107" m #H X ; Mr=1.5 x 107" m [}, PL,—4 Pl 977 2931 1.209
g(r) =5,5 C—0 gtk 1.43 x 107" m AH XA ; 24 PI,—5 PI, 1172 3516 1.203
r=2.0x10"" mif,g(r) =3 0}, 5%% Ly c—c PO P 137 4101 1.194
PLL—7 Pl 1 562 4 686 1.217

HEAEXTNL. FAREE R PLREWIERBA Y. S r>
3.0 x 107" m B, £ () 437 PR BIGEAS A H BIAR UG, 3
] PL RGP fE L)y
2.2 PIHRANTHSHERELEE
Gy F B 1R PL Y T M 2 0 B[] A2 4
M2k ULIEL S5, P 3B (A i) B 4 5 B2 L6 2. B IET S AT
DIMGH AR5 T8 ) 2% (NVT, NPT {4k ) B8 14
LRARAS (BP0 ~0.10 ps) , PI B34 1) TOMIK 2 ARk
BOR, T A o, B,y HEAEAT 0 ; & AL
SRR AT, JU MK FE T RRE , 6 I Y RE & s
P AR HASE. 3R 2 A] LIS - PT B2 R 1 e &
4D 3 B BE A R] , B KR ZE AT 1. 9% , e Wi
M EREBE W/ T 11.5% ,iX 52% R[5 -7 141
W6, A ST PLIR G5 L= A 8
PL IR BRI, 43 F A BOR AT 5.
2.3 PlEHEFARNBEZEMRESY
PLIRG W ) N 3R B 25 B2 5 1 B2 2 400T LA o
PI FiiE 5 PI RAER R RE = 225, Al T

&3 PLIEAAG ARAE R

VRRESR
o MEERERERRISER wEREE

KM x10° x10° x10° (J - m)
PL,—1 Pl 20272.232 18569.889  1.697 1.303
PL,—2 PL, 26766.523 24533.520  2.233 1.494
PL,—3 PI; 35519.093 33065.382  2.446 1.563
PL,—4 PI, 38366.319 35494.309  2.872 1.694
PL,—5 Pl 42590.494 39707.434  2.874 1.695
Pl,—6 Pl 52630.687 49569.424  2.989 1.728
PL—7 Pl, 54767.391 51561.241  3.113 1.764

Euh :Eemglﬁ _Ebulk 0= (E(-,‘.h/vm> 2 @
Horb B N REE  E . 9 FEER RE L mdﬁ%%
SMRER, 6 AR ESHL Y, Jy PLEE M‘E’JM‘
MS 3.0 B PTG W N 2R H a%”f;?ﬂlf’E
SR 3.
15 3 A, MS 3.0 BB PLER G
(TF4£% 56 W)



- 56 - BMBEITLZRZHR(BARRMFMW)

2013 4

RIR Y. TR, 5 T 0B R PR
R 7o T U I 0 S 5 i

SE k-
(1] AME. aE&FRRAEGBII]. KFRT 45 HHK,
2010(3) :46.

[2] BBA,&T4E ABF BREFWTLNELBE
FRtRLT]. £ A ,2008,17(6) :2473.

(3] 2%, 224, A0 L, & REZETFREN - R
AmEHRMmRREAEBLI] &FFHF K, 2007
(11):922.

(4] BRR, M ZE ZKEWBEMREKRS FH7F KN
[J]. 24T r,2010,38(2) ;1.

(5] BRR.U#HTF AYEMEH=ZATRBEATHNE
LT H AR = Ak 26 75,2008 (10) 145,

[6] Pranamuda H,Tokiwa Y, Tanaka H. Polylactide degrada-
tion by an amycolatopsis sp[ J]. Applied and Environmen-
tal Microbiology,1997,63(4) :1637.

(7] K= RILBEAF) AL LMNESS LR EKLER/
OL]. (2012 - 03 —27) [ 2012 — 06 — 28 ]. http://www.
jiancai365. cn/news/60822. html.

(8]

XM, BRI HE S B TERL-ILBRABREE
¥ L-mRE[J]. k3t & ,2008,10(20) :1588.
RrE. EMABERS EWEERIM]. T F
Tk ¥ B ,2010:264 —270.
TKEFRE EEF BEEFRAEMNEREFE
FAB AT R I RLI]. AR5 ,2007(3) :47.
Bxd AR EREFANHERLCEL FAHEA
[J]. #8559 Rl ,2002(4) :38.

AH RABRAEERT A EFRID]. LiF X
T A 2 ,2010.

WRE ENEMABRABRNEZHEARTID] .
AN #F L Tk A 5 ,2008.

HEW WHARAENHERERRILBRNFR(D]. &
LT AR K %,2010.

rHET . B R ALB (PLA) BB BOR T & IR0 0
EHHEN(R].RVGCFEEBWBREERLLER
4 ,2009.

EH. B Em R RIBR(SUPLA) AL 5 A [R].
RO E A AR R 2 B2 ,2009.

BME TRGADENNWAKHAAN(T]. B4 E
#,2010(10) :68.

(8% 52 7)

(L S BN F52br PLIKE 6 =2. 04 x 10° (] -
m ) AR SRR W AR SO PTG 3R 4R A 4
FE AR H H30 T SEBRI PL A A

3 4hip

ARICHIH MS 3.0 BAFH3E 1T 7 4> PLEf AR
T BT T — R AL AL BE = 1k 5 2
T A A, L MS 3.0 BAFRy o Bk xt Pl
BT AR AR L A5 A DU SR R R
RETH L S8 B 2 S0t A7 I, 25 R 3R T PT 26 1A
) S A B LRI BE /N T 11, 5% T A 25K
AL SR A AR BT 33 58 73 Ul WA AR SCRIrise it 1Y
PI SRS 2 — A IE A e I R 0 A A 2
G544, 5 SR A S Y PLERAA BRI, Al LA T
HE— 2 AR 5 P T SR

SE k-

(1] AHF. 2 FENEARER 2T IRG A [T]. 28
BHE,2002(5) :23.

(5]

ERAF AN S TFENERGWER R TN
AL #A AT ,2003,23(10) :59.

BENE. 2 TRENT ARG MM G kX
AOREH AL BT HRR %S T4#,2005,
24(1).11.

Tjong S C. Structural and mechanical properties of poly-
mer nanocomposites[ J]. Materials Science and Engineer-
ing,2006,23(2) ;:5373.

Minsoo Son, Youri Ha, Myeon-Cheon Choi, et al. Micro-
structure and properties of polyamideimide/silica hybrids
compatibilized with 3-aminopropyltriethoxysilane[ J ]. Eu-
ropean Polymer Journal ,2008 ,44(7) ,2236.

Diaham S,Zelmat S, Locatelli M L, et al. Dielectric break-
down of polyimide films: Area thickness and temperature
dependence[ J |. IEEE Transactions on Dielectrics and E-
lectrical Insulation,2010,17(1) :18.

Yin Yani, Monica H Lamm. Molecular dynamics simulation
of mixed matrix nanocomposites containing polyimide and
polyhedral oligomeric silsesquioxane [ J ]. Polymer, 2009,
50:1324.



