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W B OESHRECBREREORER, £XKE LZKT BOHERBEMRELEN
BARK, FHEMAE 448.2K HRLE. AEFEFNERSVESORLTETHR. &
SHENBRINFIARFLENS TEREY TROHEH GPC RIEFEEAMF, EHRNM
B BRI 85 T R,

XRA FARELR BN TH-HRBERZR.BE

B TFHNBERSERGUIHEN—MIAK. uRREUHS TFEEE 100105,
— AR FHET LB RARKT 1000nm’ B E AR, XA T MR XK E 7T
MEZW. AR, —BREWH—DOREBEOETNT 1000m™, H—70FBEE
10°—10° B9& 4 F R, RARELE T MO SE S FHO—80, Bk, REST
BREBK, — ML S F R DUBE R AER, RR RS R R, XRRT 2R
B FHEANELS, TLUAARRETES THRN— M RERIER.

REMEBVRPOFEERELERY, TRECEPELENLERINHX. BRE
EREWSEEERBIEPIRR AR —EEIFESNBUNEE. B8 ELABRK
AH,XERUNERRERIRHEREOER. TREATIORNERS TEHRTH,
X HBRBERREAEA MRS T ROHGOED TRERNITERY, 1966 £, Bittiger %
NEAREFNEN=MRAENE— CHERE RN, B2 T 50om REBKAM
NGRS AT HE R SN S B BN R R R — L B B R KT

RO THEREREY, AERRERRKN, REVEULSBNALS TREETER

¥, RERAEARZHFOBERBIEYNERLRBIERGMORSS TH, 1180
FEENETELE TEMBEN B S THATEENN, NMERHAREREWND T
B, IRIEH, AXHTERENRGYS TRESEZEESHTENSHS TEE—&.H
B, HEAMEBHEBNS TENE, SRECVHEEAN TRETRE -8R0 THK
7Y,

hPELER LB BEEHETENARELHE (a-PS) WELSTHRERK ALK
(PEO) WESTHAR, O T PEO N4 TESHASNR T ZHIXA, VIFIE
LTBMARKNABSTHIEIES, 5 LB REREN, EEWFETRRF, AMIBTIRAK
AREBH T HEMBRILE DNA #ED, LRRAE, A LB BRAREMRFAERE
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FBRSFHB FRN—MMET RO E.

AXURZHENERARECKH (i-PS) A%, A LB BHEREMRARRGE
BB TH,MAT i-PS ERERESEBAN TFHORTESRES TROXR, #—F
BT THRASERIORTHE.

1 ks

L1 RAHES5AN

i-PS #hHEE Scientific Polymer Products Inc. $£4t, £HEFT 90%. i-PS
BERLE 1:1 PAEZ P B FE (DMP) fi3A 28 (CHA) R AE NI R . SRR
W (THF) ke, % i-PS #fTEKaE (GPC) ¥ H &S, MEZESNSTE
SR dw 7 1.1—1.25 Z[E . AKX FrEARIREN i-PS SEMBHLS F-3 A%
4 F-4, BIINSFERESHHEBSHN M, =134 X 104,dw = 1.25; M, = 7.64 X
10%,dw = 1.19,

DMP.CHA %4y#rgt, R&E#—F4#E, THF L8584 (NaOH) TREZKE.
KAEEF K.

1.2 i-PS a5F@#EE

¥ GPC HI&EDFFBHSKSY F-3.F-4 iy THF XX, BEE 107°g/c’, HN
ERBE 107%g/cm’, FRIZE 353.2K DL Ln#ses: 10 45k,

FIF LB BEEFIE i-PS My T, LB REBGEEK, GalESTS RA
BESY. WMRERLN 900cm?, WA EZEF/K, EKELREM i-PS FZEBK, FEE
KE ESBEEE, BRIMERER, EMA 2om’, RERKERBIEBELSZE 300cm’,
5 KRR BB B R B B A B E— R B, SBHEEEAK
L, SR, XE 1-PS RS THREBIERN L,

RAEMBEABERE—EFODBRAZEFK,E—BHBBEA KT, HRHE
i-PS URBHBAKKRE, FHERTH, ZBHICAH B S B, KEENEX.
ERMEROERKE, HEFR—aSAAN, AR L OBRES T, SEKEREEIK
RRE LB, -PS MRS FHINEBZEEW L, =THAARNERRER/KEXSRER
=N

BRHERFHER, RIIBRIIBIREBT i-PS WHESFHE,,BEPRAERUE—
ERREE. BTH LB BB AN, FANEEEMBEAKDEE, N ERAWNE AR
FHEH i-PS RS T, TRE —EWEE,Bib, £ mNEN, S ERLE S T
BERREERNREBW  MAEYRA R ARIELB S THN, FNEKEHEKE LR
B, XEEe T ERAM, BEMEREBRNETR, AEVRAEAREERSTH
ipuRRidad s
1.3 i-PS aHFHE&R kK

KEHERX i-PS SR NZERABTHRMAOTF RN 448.2K £F, i-PS 195
EEERR, ¥LERGEHEEINNEY F-3 RS TENBAERN, BRAL R
BE 448.2K, ZRE&E T/, 238D HESKP.
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448K Gl B RMFS, A Hitachi HUS-5GB SN ERMNIE Pi-Pa 546808, 8
ENNSERT 1.33 X 107'Pa, HEMEIZ®,
14 1-PS M5 ¥4 TEM NREERLE

Al Hitachi H-500H, Philips EM-420 i 7B %k (TEM) Wi i-PS MENF
HRAERRKEE. i-PS HaMEaMBA B Scanner |MAHEN, HA-ERER
HESFERTHSLE, THAHBARENREHEHE, FHERH B2,

2 BER5Mhe

21 i-PS ikl ENDF&E
B TREFERYEH. ESTEEREE —EDEE R
C* == 3IM [4n{S)YIN 4 (1)
MARSHES TR, (5 AHHEEEE, N, 2 Avogadro B, HE O THEMM
WE C<C* M, BYTRARILDSN. FRUEH, TARELE -PS)H C* &
107% /cm® 450, FERERAD, i-PS R o-PS M@ BN, 0 i-PS 89 C* i
EX—-HREE ROALIGIE -P5 A THOBMEKEN 107g/cn’, BHTH C*,
M i-PS UM ARS THEETEA D, HRESRERSDEED, HTHEER
AodE, B, E R E RS TR, A HAEMET i-PS BHAREENERX (>353.2K)
abte, EMETRAEEDITRFENERERY. SFREE, ERERS RS
EERC. ARMEASTRE—LN F-3, F-4¢ B8N EE. )
Kumski % T a-PS gl T8, LIRS HMRRLIHR, BHTH TRMSHE
DZzEHERXFR":
D(nm) = 0.133 X M"® (2)
ERE i-PS MEMEBERN o-PS PHERMELA, i-PS WO TRSRS THNEZMN
BERBRFEQREiL, B i-PS 5 TR TOHRRIH, TURRRY TED
W HRHFES TR, RMNESUES TRURNARE.
B 1(a).1(b) £BIHEy F-3 f1 F-4 @Y FHRBRA. HpEoEam
BTFONEESETEE, FETHET, XEN TERIREGETRENEE. ENME

(a) Fraction F-3 {b) Fraction F-4
Fig. 1 Ulrrafine Pariicles prepared from fraction F-3 and fraciion F-4
The scale bar is 100mm
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A5 a-PS (H THERMBREY,

BRI BFERA#T TERGE, EERGE S, MR T OBRRIRAR TUURE
EEEREER AR T, XS FBRRL S FHRER. B 2(2).2(0) S3IEH
AR URREES F-3 NSy F-4 QOR20 4 . 3 F —RE KR py 18 X5
BRI, X KIBRIR 5 fi Rd A— B,

3(a), 3(b) REhBROMEMBREIRS F-3 T F-4 P95 TREBRS S Ml
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Fig. 2 Diameter distribution of particles prepared from fraction F-3 and fraction F-4

Tab. 1 Molecular weight (M,) and polydispeérsity index (dw) of
i-PS samples measured by TEM

Sample M, X 1074 M, X 107* dw

F-3 127 197 1.55

F-4 64 103 1.59
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Fig. 3 Molecular weight distribution
O by GPC o by TEM
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£, LREMs GPC MB3MAR. EMNOENSTRESTESHRENL SNEE
FIFEL, BARIAM, &S F-IL.F-4 HESSTRESTRASRERRNEE, 5
GPC BEHEEEAPTN,XREE 1(a), 1(b) PR FRALTERTH. BF
RN TS TFREIASTFRAORRE, THSSERLEAD TR
ARNEEEL. AN, > TFRSHBHNSRXAEXSFE-ENES. XHERTH
SNEEAT SR,

H# GPC RIEBEMEMNEE, TLIEFERSE i-PS B4 THTRAE. 8%
F-3 i) GPC B AFHFAM RS TR 4.8 % 105, RO BHHNAREN 46
om, T—EAXTFEHELEFRSABECHES 43.20m; @45 F-4 ) GPC EE#HEER
Bt MR TR0 2.7 X 10% MEMKEY 37mm, hATESLEFSNE AR B
36.5om, EE, AT HS F-3 MG F-4, BT 46om 1 37om AR T LLIAY
BE—-E5r TH.

22 i-PS BMEMR

B 4B 448K SEHE 3I/NETATEN i-PS BB EGELE AFFHETRS
it NEEXEN TRARMOE 5, EBEN i-PS RTHNEBEREAE. AIRTS
BANRERRBOEE; SRR, S8 -PS ATHIERESERNTRERED
FEsRb T RAA, RERETLER 4 RAD NS,
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Fig. 4+ Morphology of ultrafise craystals prepared PFig. 3 Electron diffraction of
from fraction of F-3. The seale bar is 100nm i-PS ultrafine cryumal

Natta FifREf) i-PS BRREHEBR=FE&R", KZRN BSOS AER#MNS
M. ROV FHIHERBRE -PS MERRAENRYRMEZ IR ek, [k, B
By i-PS BMERGNAFEAMABONE, B4 OREETEL-SMUNAHRE. @B
BRI, i-PS T ESRBE LSRN, KENREE N TR, ERARNARENE
SERERRIN, AFUWE THAHNESEAAEOEEREARWGLHEEE
(Brie), ARENRHEFAEFEEETHRCHR, MALEABCHRN TR LS
(REUE, BT LEXEESTREFBM AL, BTN, KLY
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RERDENAEEER RO TRAMFBAHEHERLMNEDSH B, D TRES
REENEMEAE, SERTHRERESH ISR ERTEMBXH#, BEi i-PS
HERNESK, AREBRIHRE - REAE, MESBEOMBRE, &8 EeE
AR EAERE.,
PR FEMMERE LIRS RS RE W R RV, RIEREEE TR NRE
A L, REDERENRTSHEE, EHBERBREN 4, MRAEKRTSHHERN NAL,
WEEPRY 4LAN, BREFND INA, BB RNEME b2
AG = 4L AN*g -+ 1IN A%a, — NA'LAf (3)
ol o, HRNMATHAMNAEGEBEMFSEREERIE. Af ~ Ay AT/TL, B&
ﬁﬂﬁﬁﬁtﬁﬁﬁﬂﬁ HHEE, Ak REMER T Nﬂiﬂftﬁﬁ?ﬁﬂﬁ: AT =T, —
o AEROEEE, T, HBELAERE. 4:

GAG/BAL =10 (4)
OAG [N = 0 (5)
W =T LR B 4 T BEES BAS R B0 T BB (LY) MR iIT 8 (NY):
L* = 40, T% | AKAT (6)
N* = (4oTL/AMAT A) )

EIBUD, 0, = 31 X 10720 /m?, TS = 513.2K, Aby = 8.6 X 107 /m’, InEBRERE
BEaFFTRSFENAR, WM@)ZTE L* = 11.40m, B 448.2K SRS
il 3 /hBTEY 1-PS EBRERA WS THUMELE 10om E 20om FHEKE. FEIRE
A FRESRESNESRBOKESHFEE, LEERTHTEES EHEEE
LB AT BLIA XS0 6 B S i M MR R — R,

Fig. 6 Skadowing of i-P5 particles of Fig. 7 1-P5 particles of fraction F-3
fraction F-3 ar am angle of 12% after erpstallized at 448.2K for 3b
crystallizing st 448.2K for 3h The scale bar is L00om

The scale bar is 500nam

B(6) (W=, FLUEHE i-PS A TFHREMEFS TR M2 HARKELY i-PS &
B3I MENAR, AEEFNERY [, —022m", AREMTHSTR M, -
114,00

M®* = N*L*M,/L, (8)
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BE o=0./5, W M* 524 2.3 X 10", —BIAA—DOEBEHEHRITEE, W M*
#5255 X 10°, MHTHS F-3, M, = 1.34 X 10%, dw — 1.25, ¥ GPC ELEM/NSTE
BT R4y TR 2.2 X 10°, mATFT M*, NERERATA, X—Rar8as T
BRI USEEK.

% 448.2K FHRLES 3 /NN FRORAETERGE, "TUASEESNVNE
. BROENESEEIRONF. B7REEZENTFSARENANXI, HSER
Wesf., BTREMUSINNFEFISANTERE, NtEERANS TEM
AR R :

M = N, xD*Lo/4 (9
N4 4 Avogadro W, DXhR, LAKFHEE, ¢ 24 i-PS BARNNEE. HE
L=L*p=1llig/ew’, Bl ¢ 5T i-PS WIRKEE, NRMNTUBBERZEEHST
ERSTFRESE. EHIRA I-PS MRZSHELRNS TFTREERS S HHLR GPC
MBHROS AL, HITEIGEAR M, =15 X 105, dw =134, X—5HRE
-GPC R EEAAR. XERFTUEINEHESNOHELS THRTH.
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Fig. 8 Diameter distribution of ultrafine Fig 9. Molecular welght distribution of
crystals of fraction F-3 fraction of F-3 © by GPC o by TEM

M4y F-3 ) GPC W R ERATH RS FRBA 4.8 X 10°, ZXO)WRER
FIEHEESARRY 28.20m, HBRKTF 28.20m ARREBEFRBERR HRLERE
BRSPS AER 25.40m, HEHRFXESNZRERSR,

M LRTAEPEIRREL, NFEMR, P K, RS SO0 28 » B,
2 % X W
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THE SIZE JUDGEMENT OF SINGLE CHAIN AND SINGLE
CHAIN SINGLE CRYSTAL OF ISOTACTIC
POLYSTYRENE

CHEN Erqiang, HU Xiulan, BU Haishan
(Department of Maserial Science, Fudan Universisy, Shanghai 200433)

XU Shengyong
(Beijing Laboratory of Electron Microscopy, Academia Sinica, Beijing 100080)

Abstract Ultrafine particles were obtained by spreading dilute solution of isotactic
polystyrene in benzene on a water surface, and the resulted particles were crystalli-
zed at 448.2K. Transmission electron microscopy (TEM) was used to observe both
uncrystallized and crystallized particles. The molecular weight and molecular weight
distribution of Ultrafine particles measured by TEM are approximately in agreement
with that from, GPC measurement. Therefore, the ultrafine particles are of single
chain size.

Key words Isotactic polystyrene, Single chain, Single chain single crystal, Crystal-
lization, Morphology '





