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1.1 B T EF ¥ 5T (Amorphous cells)

M Accelry B Cerius® 4.0 ¥ {4 G347 8L
B BEPFER 72T EFEMM) 2T A
EHEMD) BEHRESREY PP LEFRIL.
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—HBEV 10 E R HElP Y
W KBy % B 035 8 {4 47 (Bond stretching) , 8 T
(Bond bending)} , {1l # { Torsion) , B # (Inversion, XX
BAIEH NH ) EEE(VDW) 3 4 B 7T
£ 1 (Electrostatic ) {E Rl . L HEE M E
HEE BT Lennard-Jones 77 87 B b i A
peff 300 _1.01 175", VDW Scale B 0.35. Ff &
HEYE g 02 TEH LH#TT. -1 EEEL
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kJ/mol* nm; (2) 3h f7ZE 445k . 7E 1000 K T {# fi§ NVT
ReU R E T H T 10 ps, K 0.001 ps.iT
FEERRARE LM (3) BRIk,
MEE P AR RKEERN —WHITHE L HEE

Fig. 1 a) A relaxed amorphous cell of polypropylene ., showing the
parent chain in a cubic box. The chain which contains 100
repetitive units is packed at a density of 0.83 g-em~? and the cell
dege is about 2.0346 nm. b) z-z Projection of eight adjacent images
of a relaxed amorphous cell of polypropylene. The single parent
chain of central cell ishighlighted, hydrogen atoms are omitted for

clanty.
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1.2 S ¥ /E ( Thin films)
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F0.42 kJ/mol* nm; (2) #EFH 7 300 K #FTXHZ R T
PEFT 50 ps B NVT #4355+ 0.001 ps. i %30
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Fig. 2 The variation of total energy of thin film of PP

during a 50 ps molecular dynamics simulation
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Fig. 3 a) A periodic surface cells of polypropylene after 50 ps of

NVT dmﬁnics and subsequent energy minimization. The z
dimension of the box is 10 nm. b) 2z Projection of the same

periodic surface cells.
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Fig. 4 Density profiles in the ten thin films as a function
of the distance from the center of mass plane of the film
The solid curve correspend to a continue curve drawn through
the average density profile

The density in the film interior is typical of the bulk, except
for regions of a 0.8 nm thickness near the file surface where
the demnsity drops off .
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Table I The orientation functions for three typical situations

< cos' B > 4 Sy

Perlect alignment 1 1] 1

Random ocrientation 1/3 54.73 1]
In perpendicular plane 0 90 -0.50

g ds W°
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Fig. 5 a) The number of bakchone C—C bonds of PP film from
interior to surface; b} Orientated order parameter for all backbone
C—C bonds

All bond randomly oriented in the interior of the film. They are
oriented sharply along the plane of the film.
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0.018
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0.014F —5—Thin film
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Fig. 6 Distribution of torison angles of the CH;—CH
bond
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CH,—CH A4 2 2 254 (180°F1 60°) 38 hn, X F #
5 B o e 1 AT T R A R
W)4 . 55 S, L F1 Zhan F1 Martice™ BRI M B (1,4-
R-T Z4) , Misra BF R B9 B (1,4-%-T 248 ) 89
ERBE-B AN TEERR, RAREBAFE
REMENTEEH FTEHERRRE TEEZME
BB, X — S M Zhan #l Mauice B HHET
HESE . — RN R o 5 H 1Y) L 1) Bl b 3800 /) T 38
i (3D—>2D).

2.4 FEAER(FEKN)

Fhob o L B S , B B 68 1T 5 P9 AR N TR
ZEA BT EHik, YRR EENEE,
B0 % FE T B B Ak T 5 AR Y R 3k 1 RE
FERES REENEEERNTREEY T EKN

FeitE, EEEATTGED)MER D) LHES
EMEREEESEHEARNTS . ExRAE
BXERHENER, E,WERKHERGYHER
PRENER ARE DR THHR. KT
MBREM e R R R

<E2l] - E30>
Yg = I S (2)

Hf < >FER—ITAEEHR TGN ERER
JG(surface cell) Z B RER Z M FHHE RN HBE
PR FAET 10N EE. @AY A=2x
(2.0346 x 2.0346) nm’ , WE R K, B THEITHE
BEB28x10 e’ . R EH L LMK EITH
HHEESEMHF TR 2 NEI.ATLUBE ¥,
=1.8%x10 ¢ Jrem ™.

Table 2 The components of the internal energy of the ten amorphous cells (3D periodic) and total internal energies

Bond stretching Bond bending Torsion Inversion vDw Electrostatic Total
147.34 921.48 L _2924.04 26825 -129.74 - 1629 .60 - 3882.48
145.32 860.16 - 2926.56 -254.02 -122.30 -1548.12 - 3845.94
145.66 819.84 - 2887.50 -222.94 -248.14 -1532.16 - 3924.90
145.91 866.04 - 2919.42 -271.40 - 175.06 - 1477 .98 - 3832.08
136.12 841.68 - 2890.86 —260.23 -171.61 - 1547.70 - 3892.56
139.27 820.68 - 2870 .28 -235.24 -223.02 - 1511.16 —38719.54
147 .80 848 .82 - 2929 .50 - 246.67 ~103.19 - 1509 .90 - 3792.60
142.25 885.36 -2915.64 - 266.95 -171.74 - 1555.68 - 3882.06
151.62 870.66 - 2901.36 -250.99 - 180.35 - 1535.94 —3846.36
i45.36 847.98 -2931.18 - 241.50 - 169.93 - 1507.38 - 3856.44
144.65 858.48 —-2909.76 -251.83 - 169,51 -1535.52 —-3863.58
+3.28 *+22.68 +17.64 +12.18 + 3).66 *27.72 £28.98

The bold figures are averages and inaccuracy, kJ=mol™'.
Table 3 Components of the internal energy of the ten surface cells (2D periodic) and the total internal energies

Bond stretching Bond bending Torsion Inversion VDWW Electrostatic Total
144.94 900. 90 - 2027.01 -259.01 108.57 -1535.94 - 3564 .54
124 .70 757 .68 - 3074 .82 - 247.51 54.22 - 1530.90 -3916.92
132.93 826.98 - 3080.70 -274.85 56.91 - 1533 .84 - 3872.82
128.14 755.58 - 3045.00 - 248,51 22 .82 - 1552.74 - 3939 _60
128.90 819.84 - 3065.16 -274.81 19.86 - 1535.94 - 3898.44
119.45 755.58 -3034.08 -237.89 47.46 - 1535.10 -3884.16
132.43 845.46 - 3058.44 -272.29 4.22 - 1572.06 - 3922 80
133.64 786.66 - 3037.86 -243.39 99.54 - 1535.94 -3797.22
141.20 875.28 - 2966.46 - 262.46 246.92 - 1464 .12 -3430.14
136.23 800.52 - 3057.18 - 246.08 122 .89 -1519.14 ~ 3762.36
132.26 799.68 - 3034.92 -252.46 78.33 -1531.74 - 3798.90
+ 5.46 +41.16 +35.28 +12.18 z 50.40 +15.96 +130.20

The bold figures are averages and inaccuracy, kJ-mol~'.

P BE R R [R] R 3 %ok 2% 1T iR B9 AR B T Ak 4.
EERMRmMEN I ERAREAGLBESR, X
ERAMBEREMNETREHRLERTHE, B

A HBRABNA RSN EEEAERE. R
T B AR o 5 R BRSPS A
e TmkE, RITRARS T EREEZRHER
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Table 4 The component of the contribution of the internal energy to the

surface energy of PP

Value(kJ-mol "')
-13.99
-66.306
- 141.54

Component

Bond stretching
Bond bending
Torsion
Inversion -0.M

YDW 280.56
Electrostatic 4.28

MR IME4DRER, TLUABRE
AR AN LA ER TR
BREM. XMBITBWOERG MR, HRXH
BRABEEBET —F &4 RMMC IS
FEEFANITE.

2.5 RMMC(RIS Metropolis Monte Carlo)

ERFRI NS FHERRNEHP B
BEMTHEBELWERLFESHERERNR
fl IR R PTREE AT LA (1D EE
Z2ME ST NELIERBALRAET LA
BaepE, TR FRAETER FRERMET
BAKE. > FINEHNBREREERETEAL
WAHEN HM— AR T 5 — Rt By
TR THERTRRNOMNERR, R4
TR0 ARSI ENRIANH SR, K06
P B E AL s (2 AR ad [B) [of B . A FE i b i, B
PIE A, BrB S R A . (R E R
AR AREHRTEL TR, HHAERE

BAHZRIRERE GBS, 2 T7ES
IRPE M PIAESE WA T IR AL, A TTT S BURE R FE MK .
YHESENERERN TR TREEN, H
BHAFWEREAHBRT HMHE; Q)IRENR
m.XTFEX—&, B THERNOSERENEHA,
B RN, TEAERTTHE.
HTHFHEXMGRESEAELENN.
AR T WA JH L 55 ¥ X#EAFT T RMMC(RIS
Metropolis Monte Carlo) ¥4 . Monte Carlo J7 5 & —
et rg HEHTENRATFERL2EE, X
HRHERTHEZ2GER. ZERMEIEHREE
Ey- Ep, B KEEMBERREHA MR LIE
HEFAMER MM ERENEZRE
SR EERA(RAESEM AR .
XL 5 42 RMMC B4, I e i 2 4L 89
i, BT TR IEMS T HEERB3E
AR WM A R8P W R, 35 R H 2 RMMC
—~MD—MM. % 5 B F] RMMC J5 7= 4 #0 Bt 9
BEEHE. MNFBHWLUEL, £33 RMMC L
BREE 2SR L BT W LA R RE B A 1
fORABZHAREREIMERNER(ELAR
REERA). 2, 68 2 Wi B R A4 e
BEMIEREREELHMEIAE EXS PEEK
MEEEEERNIALEINRIFTELR
& WEEIRET X — & EREB P IA RMMC,
MY FHEMT - FaERE(R AL RMMC 5§
AT NFHE T -BRNEEAR, HYRE

Table 5 System energy of thin film and amerphous after using RMMC
method

System energy (kJ-mol ™)

The nuumber of model
Bulk Film

- 3769.92 - 3819.48

- 3847.62 -3843.84
-3938.76 - 3834.18

- 3898.86

LT

- 3501.38

R, LSRR 8 R T T
FEMESEEUNE(RES D SHENERER,
NEZBITENMEEENFZRMEBDHBR,
HREE#AT, MHBIMNASEPAEER G
(NVT 100 ~ 150 ps) .
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COMPUTER SIMULATION OF POLYPROPYLENE SURFACES

ZHOU Tao, LI Feng, ZHANG Aimin
{ The State Key Laboratory of Polymer Materials and Engineering, Polymer Research Institute, Sichuan University, Chengdu  610065)

Abstract Compuler simulation is employed to study the structure of a thin PP film in vacuum. A initial random
parent chain is obtained from the simulation of bulk amorphous polypropylene and collapsed under two-dimension
boundary conditions. Films with a thickness of ~ 3.5 nm are obtained for parent chain with 100 repetitive units.In
the intericr of PP films bulk density is ebtained , while density drops off sigmoidally over a distance of ~ 0.8 nm near
the free surfaces. The backbone bonds are randomly oriented in the interior and markedly oriented along the film
plane near the free surfaces:the onsel of order corresponds roughly with the drop in the mass density from its bulk
value . Because of the thin film more effectively relaxing along with the plane of the thin film, the trans state and the
gauche state of the CH,—CH are also enriched compared to the bulk . The difference in the energy of a chain in
the amorphous bulk (3D periodic) and in the film (2D periodic) allows us to calculate the internal energy
contribution to the surface energy.

Key words Polypropylene, Computer simulation, Surface, Surface energy



