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Fig. 1 Experimental conditions used in the SAXS measurement

2 #R5itie

2.1 FHEIRHIRSH) SAXS LHER
B 2 (a) JERH SAXS 2RI 4-arm-PEO #£ 5
TEARRREE T 433 10 Lorentzian & 1E 1) Ig*-q B



3 TS . SAXS BRI DURE R AL 26 il 2 417

k. FTLUE th B L = R vh J h 4
FRIE AT BH S A AR Ak ot 2 R R O v B &
A AR T 2(b) SR NE 2 (a) WL Y 4
A RENER B IR, 78 26 CHIFFAE 3 AN,
EATHIEMEAE ¢, =0.496 nm ™', ¢, =0. 840 nm ™'
Fl gy =1.058 nm ™", XN FHRJEW ¢, =12.7 nm,
dy=7.5 nm fil dy =5.9 nm, 248 55 F &K 5150
R R SR ARl 0 () R BT 2 R B LA, R BT
IR, B WEARAR 98, ¢, VW 2P I Y FWHM =
0.22 nm ™' VL Fr b 5 0 T )2 3SR U 45 44
F14) JEEJ3E R A3 A AR AS 35— K 3K 6 0 0 1) A RE 38
BT E T T R LA S 0. d, / d,
=1.69 fl d,/d, =2.15, A& 2: 1R 3: 15 &
VLI T REA AR 3 PR RE B 5S J2R G548 . A
WERRE R | FEUE ¢, =0.496 nm " HEUELST Y
S5k 5O BEE TR B e, I8 2 (a) RIITE ¢, =
0. 496 nm " M AL 06 7E 5 7 AR e > I T
5] 45 Chf X AT 24 9% T , FWHM
=0.25 nm ™' FRATZHH 08 R B TR 2
AN Sy 5N g, =0.434 nm ' Al ¢, = 0.562
nm L ATE2(b) 2 SRR, XN 4, =
14.5 nm Fl d,, =11.2 nm, BiA 20472 DE

7 &
0 02 04 06 08 10 12 &
g (nm™)

JEA R B J2 ARG A8 25 — N5 — AN EXT R 1Y g, =
0.820 nm "Fll ¢; =1.081 nm ™', X ) d, =7.7
nm fl d, =5.8 nm. f d,,/d, =1.88 Ml d,,/d, =
2.50. L TR 2 52 °C 5 — NIRRT,
FWHM =0. 15 nm ™', 40& 2(b) Fi7s. 763X A5
LR 3 AT, 23] BT ¢, = 0. 381
nm~', g, =0.720 nm ' Fl ¢, =1. 071 nm ™", XF N[
KJAH d, =16.5 nm,d, =8.7 nm Fll d; =5.9 nm,
d/dy=1.8 Fd,/dy =2.7 ARIEA 2: 180 3: 1
KEAEE 2(a) THREBFE FI 53 ~ 60 C HYIRE X
SR 3 W R RGN, T AR AR AL B 1] IR ¢
(ELIX AL 3l , U WA i P ¥ A 45 10 1 7 6 2R W I Y
A NI 2(b) FRam IR 59 °C Y HUH thZk, 743
SN FWHM =0. 11 nm ™" |3 /N5 H 31
1E ¢, =0.298 nm ™' ,g, =0. 614 nm ' fl ¢, =0. 926
nm_l,XﬁmE@K%Eﬂ d, =21.1 nm,d, =10.2 nm
Md, =6.8 nm. d,/d, =2.01 #1 d,/d, =3.10, %
20 TR 31, BT RAE ¢, =0. 614 nm ™' il ¢, =
0.926 nm ' I SE L PRTE ¢, =0. 298 nm IR
ORI =Y U, BIJELEE Oy 21, 1 nm 922 4R 4540 2 M
LEEL

Fig. 2 (a) SAXS results obtained for the sample heated from 26 to 60 “C and (b) SAXS curves at 26, 45, 52 and 59 C
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Fig. 3 Plots of the periodicity of the crystal lamellae

against temperature
2.3 —HEXFBHDAIRL SAXS TWLHER
N T H—EWIE XA 4-arm-PEO #E S 7ETHE
AR R e SR, FIH T —4EAE O R
PEXFEAT SAXS B L pE AT T o0 B
SR B A S5 R ) — HE A S PRy, () IR IR K

7E
fo 1(q) ¢* cosgxdg

f: 1(q)q*dq
K, 1(q) U REE , ¢ REC &« AHSCHE

yi(x) = (1)

0

x (nm)

B XA LE N y, (x) BIH— ey, HE
RN -1<y,(x) < + 1. 3@, 76y, (x)-x BIFE
R e YL Ry AT ESS I N PO A
UEBAAELE SCRE 1) JR 0T 25 7 0 16 7 g gt i B
T2 R IR T e

Bl 4 (a) XN T 2 (a) 4 SAXS iy —
AR R B 2R, y, () -x. FTLLFE WAE 26 °C 3
60 CHREEIE I y, (2) 2L AT S I . & 4(b)
ATk T 26,51,53,55 A1 59 °C 5 AR TR
v, (x). TEX A v DU G 26 o 3, 76 %
ARy, () -« BYEAL. 7R 26 °C B TEAR R
() Iq* -q FHZE I 328 52 0 — 4~ B 408 1 06 i Jz ke
TE v, (x)-v BHER LA 3 Fl gl JEAS 25 A 45 &%
P, 50 590 E A 2 B R RN SR A Sk IR, e R R R
JEA L) x =7.0.12.2 F116.6 nm. 7] LLE
t1,12.2 nm B &4 I, 7.0 nm 1 16. 6
nm A EHEEEED. R L E 2 =225 nm A
—AN S, /NS R S T, RO AE «
=12.2 nm MRMF 5 ARG E Y. f£51 CH
v, () xR [ 16. 6 nm F HEE S 1,12, 2
nm A BE S5 1,7 nm 40 S E1E S LT
45k, B 53 CHF16.6 nm A B S 5 4 5
PO BRI « T s, Ui R T H
x =12.2 nm ZbMY{E S AR AXT 855, 55 CRf x =
12.2 nm A5 S 58 R, R A E
ZHERE T T+ =16. 6 nm ARG S E 4B 50 E) «
=18.4 nm, RWXFEM R b ELIE T, MR
259 C,1Ey, (x)x ML EAEx =21.1 nm &b
A 5 78 19 AR5 0, R b 10 R 3 3 3
21.1 nm.

b

% (%)

0 5 100 15 20 25 30 35 40
x (nm)

Fig. 4 (a) One-dimensional correlation function curves, 7y, (x)-x, obtained from the SAXS curves in Fig. 2 (a), as a function of

temperature and (b) selected y, (x)-x curves at 26, 51, 53, 55 and 59 °C
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Fig. 5 Linear crystallinity, ¢, , as a function of temperature
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Fig. 6  Crystalline layer thickness, d,, and amorphous

layer thickness, d,, as a function of temperature
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Studies on Lamellar Thickening of A Four-arm Poly ( ethylene oxide )
Using Small-angle X-Ray Scattering

Xiao-jing Wen
(School of Resources and Materials , Northeastern University at Qinhuangdao, Qinhuangdao, Hebei 066004 )
Wei Wang "~
( Center for Synthetic Soft Materials, Key Laboratory of Functional Polymer Materials of Ministry of Education
and Institute of Polymer Chemistry, Nankai University, Tianjin 300071)

Abstract Studies on the lamellar thickening of a 4-arm poly ( ethylene oxide) with M, =5000 for each arm
are reported. The samples were prepared by quenching from 70 C to 10 °C. Small-angle X-ray scattering
(SAXS) was used to track the variation of lamellar structure during heating process. Then the SAXS data were
further analyzed using one-dimensional correlation function. The following parameters, such as long period,
linear crystallinity, crystalline layer thickness and amorphous layer thickness, were determined. Their changes
with increasing temperature suggest three temperature regions. Region 1 is in 26 ~45 °C. There are three
broad scattering peaks with low scattering intensity. They correspond to lamellae with different thicknesses.
The crystalline layer thickness of the dominated lamella is about 9.3 nm. Importantly, the parameters
mentioned above remain unchanged in Region 1. Region Il within 45 ~52 °C is a transition one. The main
peak of the SAXS curves turns into two. The long period, linear crystallinity, crystalline layer thickness and
amorphous layer thickness began to increase. Region Il (52 ~60 °C) is a thickening region within which the
crystalline layer thickness clearly increased with increasing temperature. At 60 °C its value is 15. 8 nm. These
observed results found in the three regions were further explained based on the role of metastable states of
polymer lamellae. Within region I macromolecules were in a frozen state, thus it was impossible to detect any
change related to the lamellar structure. Within region Il , the temperature is higher enough to let some thin
crystalline layers melt and then the melted macromolecules would recrystallize around the thicker ones. In
region Il the continuous melting-recrystallization process proceeds until the melting point of the sample. The
observed melting-recrystallization process reflects the metastability of polymer lamellae: Thinner lamellae are
in a metastable state with a lower stability, thus will melt to recrystallize to form thicker lamellae with a higher
stability. Acctually, the continuous melting-recrystallization process is a typical Ostwald ripening of polymer
lamellae.

Keywords Poly ( ethylene oxide ), Small-angle X-ray scattering, Lamellar thickening, Metlting-

recrystallization, Ostwald ripening
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