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1996 4F Adieisenberg /NH 17 3 1k Bl 5
KEE BT Sk IR LLSR, AERIR. #RR. BR & 2
IR T 350 A0 AR RE 3R T 30 35 B & RS R AE. Shen
2t [21,22) 38 3 5% S L85 (TEM) WF 78 7 99 2 % B 3
BYFR K LW - IH R (PS-b-PAA) J& SR AE A [H]
B EE BN, N-Z R HE % /7K (DMF/H,0) TR
BRI RRAES. EREPELETEEA
MR T A T PS-b-PAA, JHilfiid TEM B4
WFFE T ASFECE AR PS-b-PAA LSRRI, B
SRIEIT TEM BU% AT LLE 28 W 2 B sRE 3, (2 ]
BE 0T Ja 5 DX 3 PR R M AT SR AE, Bk = et 1, )
i R e T IR T ST R RAE. &=
2 A ST AR B HER B L TR BRI IR R 1
PR ARAR A S T U iR B R R SR ) 5
M), 45 SR S 7R VAV R PR R 1 SR 3 H AN 9 A% AR B
TR BRI i, (R R A A AR AR A .

AT TE R R R S /N X SR (SAXS)
FAR G R G LA, AL SRR AL T W SRR
BOLRY PS-b-PAA, FEAFIBCEL A DMF/ HyO VR
BRI, PS-b-PAA f45 ¥4 5 16 R HX.

2.1 EREXHBYIRIRSIE

ik B R RO L0 NI R (Polystyrene-
block-poly(acrylic acid), DDMAT terminated, /=
mmgnE: 776351, PS : PAA = 3000 : 5000) 4T
Sigma-Aldrich i A &, DMF 4T 1 [F 25 4 [4]
2R A R A F (7 f g 5 81007718). SKIE
AT FH K 30 35 ST AR 4K (18 MQ-cm). H Ak
YE5 BT BLPS-b-PAA ¥/ 10 mg, fE = F
W VA AT FE [F) VA 75 DMF (4 I8 4% ic B R 1
WREEESR, 23 A 0.9, 0.8 /10.7 mL), 2218 itk
60 min /o A7, 2 ERBILRY e AR, IR JE 1E T N
ANEBETK, WNEANB0 L/ Ik, &5 sk, i
il B e 7K 2 B ik B L TR W I TN VKA TR A7
R BOL R R E N 10 mg/mL.

2.2 [BE{ISAXSNE

SAXS S48 7E b g 6 U BL19U 2 i | 58 hk.
SE U6 I 2k RN B X LRI BE RN 12 keV, fE
BOPHR KL NS x 1074, 7EFE S A IR BE R
KRZ14320 x 43 pm?, B F 2 x 102 phs/s. S

06y vk 1) XA 2R BRI 28 N Pilatus 1 M, 5 25 FR K
169 x 179 mm?, F 5 51 172 x 172um?, &FMiEzE
TR AP 20 ms. AR i R AR EURE L BOAR 8, FE
FIHRI 28 (17 55 554 5340 mm, LI AE RIS ¢ 1B
Y54 0.11—0.89 nm 1.

SAXS SR FHE X, SLIG PR A
WARFE S . FE S RUR E RZ8 1 mm,
R 8 VA S i S R WA R B T B, A R
TR PAIR AR K SAXS 5 5. FE S E DA
KA Kapton [, 99/ A B IR SRS, BB
JE20 pm. AR 5 AR R B 9 TS1500(Linkam
AH], GEE), BRI TR Ak, 8 TR
M T RN 22 () HME DA SE A VE BR (B B, A PR UEAE
i 38 52 FHEIE B3R 5 °C/min, FHAE N
SE UL A5 B 3 min, B ORTE X 540 R 55 103
P9, A R B A B 1 — B, VAT
N 30—70 °C, FLmiE LT (8] 100 s. AR ik SEEG
SRR AR B T 2R R R SR RIS R i ) —
P, B SRR O — R

JUER NS X 28 1 i s R R P B, (BRATIAE
SIS A R IR R R R A, R LA A SRS
R R R B AR R . D9V BRI AR 1)
SO FEMARE AT, Se IR T R RE St R ) 2%
MR, 1208 SAXS BMEAE R I & 2504 AR,
TR 5 12477 B AR 1 RV VRS b PO B AR S 1) v 129,
—4E SAXS Hi £ 48 1] Fit2D b3 B4R 3K 15, Tl %
Pilatus PRI #5 IR AIRE, X — 48 BUE A R H T
“IAIFBIA TS iR AC L, ARAEAN RS I —4E SAXS Hh k.

3 ER4ER

WHEENT, KB REYPS-b-PAA L% iR
DMF ¥ W& H AT 58 45 15 fil, 761225 NN i K it 72
WY A% -5 45 A I EOIR IR PR, PS BB 4%, 1T
PAA BUE RGEIRY). AN [R] 7K 5 8 XT PS3000-
b-PAAso00 IR S HIIME R, BATHI&E TKE =R
10%, 20% F130% (BRI RE i (R 1), 23 BT
T SAXS SLIGHTFT.

Rl SRUHETUR A R

Table 1. Samples used for experiments.

FE AR #1 #2 #3
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2. KT #1RE R, 6 0.418 nm " BT B A 0.
IR N TEM E& (K 2 (a) A ER TR 38 Wi AT L,
FR A BRI WL B 2 AR A K (gr = 5.76, H—
WAL R50), Ay J5E L RIS BSORTAR 1R 48 S kAR 2978 28
nm, 5 & 2 TEM E& 2 Ebrid b+ R~ —
. TEM WA A3 K 5 HL4 (Tecnai G2 F20 S-
TWIN, FEI'A A, 36 ). HIAE D B A 565 i %
FEYEAR b, SR 5 H i WO AR E N L IR AR IROSOR B
Z AR FI B AR AT 30 min BA E, 5512
TTEMEE (B2 (a)). K&ESARWE2 (D) iR,
Hkifz 27 nm (£2 nm) FIKRH 23 4, FifE 53 nm
(£2 nm) 2 A BIIRH 174N, Kid2 73 nm 7645 I ROR
8/, FifE 100 nm 72 4 FICR 54>, 53 nm, 73 nm
FT100 nm BRI KL T 1) — BT U 1R e 1 43 1) 72
0.22, 0.16 #10.11 nm ™!, {HLEASLIG TR 35 K5 2 #H
IR, — PR B A H T R B AR AN HEORE X A
DB T R 5 B R RO . TR #28E 1/
FEUHE 5 E A LS 3 B B UM U, AR Sk
i 07 7E PS-b-PAA [ £5 ), o] LLH B2 R 45
R W SRIRATT R il 2 SR A A, U R i
(R HBCRT 36, RIVHICHT 58 B AN 2 HH LB 5 1) 45 M R AR
U 27K BN 30% LA LB B R 4R A ¢
X 3L ARSI, R 2 £ S R 285 ) Y R AR 29
60 nm, 1% & AT 5 K E AR I RUR A 51/ SUR )
RAET Y BOK B RO SR AR AR, FEARRT & SR [17] 1Y
TEM 25 5.
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Fig. 1. SAXS profiles of the PS-b-PAA solutions with

different concentrations at room temperature.
NRE— T R R BOL R I IR L -5 F R,
e % R ZORIXT ] B 41 R f OF R T R AL A2 iR
SAXSHEFL. &3 A& #1 4k JR AL AR ) —4E SAXS
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B2 =R T #1010 TEM E (a), BRIER 35 Ml W,
M TEM B & 75 21 1R A2 70 A (K9 58 1 45 R (b); Hop
K42 27 nm (£2 nm) R (4 0)23 4>, R4t 53 nm
(£2 nm) ZEARH (L40)17 4, RifR 73 nm AR KR (E
)8 A, Fifz 100 nm A2 A IR H (#€0)5 4
Fig. 2. TEM image of #1 was obtained at room tem-
perature, in which particles of spherical profile were
clearly shown (a). The distribution of particles diam-
eter (b) was obtained from TEM image, 23 particles
with diameter of (274£2) nm (red), 17 particles with
diameter of (53+2) nm (green), 8 particles with diam-
eter of ~73 nm (blue), and 5 particles with diameter

of ~100 nm (yellow).
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Fig. 3. SAXS profiles of sample #1 at various temperatures.
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HAMNRHEE; 40 °CH, BT ¢ = 0.41 nm™!
fgE, AMlq = 0.45 nm~t BT B T — A X
BTG, 45 °C I, B A X0 BT BE 4k
ST, ¢ = 0.41 nm~! T B U IR AR 55, 1
q = 0.45 nm ™! JHIT I IEIZEHTIG SR, 70 °C I, Ze 0]
(RUEEAR G AN B R T, A5 00 A 0g Rl Ay B 1) T U

4 1 #
BRERE 1 TH i, AT B TR

A /D UKL AR BT IR, &K
B, U UL ) ARG M AT & BICH 9 2 26 (P 4),

AFREE N S AR SN L 2.
MG I 0T DUE S, G 2 A
g () A7 M A BRI, (L5 s ) 0 57 AR R AR, ¥
BRI WA, U P SAEE PRI R BLAR
Ak, T ELE AT AR AT DL 2 AN B A T T
DU T AR 1Y, WA (R A/ 22 S 12 SR U
W ZE AE SRR A EE S ANRR ZE. TR R
IEAE, B q PP EAE N SEBR ) g (B2 G B, W
Gpeak1 = 0.418 nm ™!, gpear1 = 0.456 nm™*, f4fE
BRI 98 (1) 38— VB 55 gr = 5.76, X R
BB AR5 78 27.6 nm F125.3 nm.
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Fig. 4. Double-peak fitting for SAXS intensities at various temperatures.
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®2 AFHRET #1 P e rt o245

Table 2. Fitting parameters for the sample #1 scattering peaks at various temperatures.

HURIE & 25
/e C BT A TR o b
g/nm~! TR /nm !

Peak 1 Peak 2 Peak 1 Peak 2 Peak 1 Peak 2
30 0.41 0.45 260 580 0.309 0.690
35 0.42 0.46 270 678 0.285 0.715
40 0.41 0.45 326 1116 0.226 0.774
45 0.42 0.45 173 1362 0.113 0.887
50 0.41 0.46 120 1367 0.080 0.919
60 0.42 0.45 127 1727 0.068 0.931
70 0.42 0.46 84 1399 0.057 0.943

I L, TR 7, 4
FEARAR LI . 4 28 10 OSSRy 20

1(q) / p(P)I(r,q)dr, (1)
A r NHUFARBIRLAR, p(r) 2 P53 50 A B 2R (dis-

tance distribution function), I(r,q) & ¥4 A r i)
HERLN N

XFFASCR RIS AR R, T B s R A A
BRIGRLT HIM BLEUR & &, HRL TR B 5 A2
AT AR AR, T E 9 T IR PR AR W ) S AR 5 52 T LA

ALy
A
Ipeak(T) = / I(Qa T)dq
peak
/ I(’rlv q, T) dq
peak 1

+/ I(r2,q,T)dq
peak 2

- N(rl,T)/Io(ThQ)dq

+N(T2,T)/IO(T27Q>dQ7 (2)

N (13, T) 72 24809 r; I BRIE BURLAE iR B T I (¥4
T4,

21,2 J§/2<qTi>

IO(T'UQ) = 97’[—((AIO) ‘/7/ (qu')B

e AN ERERL T IR BSOS 9, Ap A2 BICH AR R 77)
W 2, V RERIERUR AR, J 2 DUSE /R iR
K MR X WAL R I, fEREASARR I RE T, BRI
R 1 B AN AR [, A B SRR (0 5 i B A A
AR AT CAHEIRT, HOR 9 R B i AR A 3 B
T U R R RO RO R A T AR

(i=1,2)

JREEBAT R LR R T, S8 26 PF IR
TEEAAA, R XA NI G S5
A RUTR R BT R R A PR s PR AR S U 5
JEAT KRR 25 A, AL B8 ot 3 % Sohs 1 BB U 52 114
ARy, BINHUR TR (& L 2 HON 0 1 T AR B DA
UM TR, LATH BR AN [R1IRBE T 2 A o 2 ) 22
W BB TR AR5, A i i AR E R 1
— MR —RRL T B 5 A T AR — 1k

THA 5l BE G AR

0.35 T T T T T 1.0
— 0.30} ™
) ~
g g
a Ho.
2025k 0.9 &
3 3
s P
£ 0.201 £
g J0.8
N 0.15} B
3 3
£ £
£ 0.10f 3
“~ 40.7

0.05F

1 1 1 1 1
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BI5 1 B b iU 5 B RO A I R TR B S FE R
s R AR B A A5 R

Fig. 5.
area ratio between two fitting peaks of SAXS profiles
The solid lines indicate the fitting

curves of dose-response relations.

Temperature dependence of the normalized

for sample #1.
More details can

be seen in the text.

MBS HRT L, AU 1(RAE A 27.6 nm) FIEL
T R E RN >, £E 40—50 °C Al fF £ —
ANRAZ. FH N ML, JDLE U 2(RLA% 25.3 nm) [ £ &
Wit S 1 B T T G N, R AR A A A [ PR e R
XN, FATRI, 1% 355 206K £ (dose-response

048301-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 4 (2018) 048301

relation):
x x
~Smax — Smin

Cx — Cx . e T
\9(7'7 T) = Smin + 1+ on(T—To)’

3)

DR 2] 5 LR ER AT SR AR E LS. Suax
AN Snin 70 AR B AL T J 38 B RGN 1Y) e K ARLAN
/ME. WERIISHIERS.

£33 AR FBER R R R B R
Table 3. Relationship between normalized number of

particles and temperatures.

(\\ymin gmax P/chl TO/OC
Peak 1 0.064 0.31 0.37 41.6
Peak 2 0.69 0.94 —0.37 41.6

SAXS MU A UL I E = IR T, #1FE S
TERRRLF RSF A I 5110, 45 AR T R~k
FOARIE (P AR ER TR T (RLARAH 22 2.3 nm), 1XFhJE
TRER TG0 EI 2 34558 TEM 2 X LLS H
(). SEZ56 45 B3 B R R R /IR AR R PR
oFR JEE i 5 U PSE () T A AE B B AR R R, iR
BT, ORI IR U 5 B AR, /SRR T
B R TE i, T ELRVE 3 B Gh R g B P A
FEAN— 2, (AR 5 11 728 A 2 7 S 56 1R 223
P — i, B
dS|  0.09e%37(T—41.6)
dT‘ = [1+ e037(T—41.6)]2’ (4)
XA LI E R EEGHIE T (2) 2K

BV R R~ 1) 5 6 SR T L -3 5 224 Ap 2
FHIF A, AR (2) 2 AT DA (87 5 v B30 L 79 oo 5
(0p ARl =

1 d
N(r1,T) _ Speak1 / o(r2, @)dg
N(T27T) SpeakQ /IO(Tl,q)dq7

T B AR 55 A2 B AN BRI R (1) B 58 B B R 4
HA S pear 1 F Speak 2 A SAXS I £ 75 U Ak B2 15 2|
] peakl Al peak?2 [ U6 [ FRE (K 2), FRAEKTE KL
R C /NG W ER
N(r1,T) _ Speak1 (7“1>2 (6)
N(T27T) Speak2 T2 ’
Blo2 R L2 Ml &2 kry =
27.6 nm, o = 25.3 nm it HEABEANFRE T
KT HZ M (Narge/ Noman). B S22 2 R H (3)
OB AT NG AR, TR (R

()

FRHICH 5 B2 ) IS 13 B S 80N: To = 40.5 °C,
p=025(LA KTy = 38 °C, p = —0.37), thIEAFM
T3P Eg R 3L

O
o4l ~— 41800

0 Total intensity

— - 1600
0.3}
41400 <

02F _ pig 11200

o1l 41000

Ratio of number
=2
e
~
2
5
Total intensity/arb. units

[0
[}
S

0 1 1 1 1 1
20 30 40 50 60 70 80
Temperature/C

K6 PFREIIRFEZ I (Niarge/ Noman ) 5 L 1)
KA () LAR A B 58 B B IR BE AR (), Pl szl
& (3) A AL R

Fig. 6. Temperature dependence of the number ratio
(Narge/ Nsmai) of large one to small one (cycles), and
total scattering intensity (squares) changed with the
temperature. The solid lines are obtained using a fit
of the data.

MEL6 AT BAE B R R T m, BRI
S5F o EE S WH I0OF T — N s SR S B TEE . A
F1R) FBCSRT iR 2 8 T 735 A S VAR e PR T A 1
B RREAR FORL T BN AE AR X a2, R U, BEE
T P T v, VR R R RO AR RO AR o 2. EARIR
X35k, RORLARRURL (7 LA Bl IR B BT R, K
2945 °CJa, Z & MeflAuiags. NSie g5 R
43 B AT LAK B PS3000-0-PA Asogo IR AL H
JRE oA B ek P ) AR A I R, B R R P R T, D
FEAR ) J AR TR B B A, B o L 451 DR 38
RIS, DRORLARS JE PR 1) 5 B e 29D, |l T 38 m g
T HCELITE R T D HRL TR, AR TR S U 5
F55 I I 2 PR BG i . E 45 ©C R IR B B
BT /NRLAR R AR A R, 2 I — 2 T e
VAV S R R AN K

5 % #

AW FL R SAXS £ AR Ji A7 i 7T 7K & &
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Abstract

Amphiphilic block copolymer has a character that it spontaneously self-assembles into various micellar morpholo-
gies when dissolved in selective solvents with different proportions. Amphiphilic block copolymer has wide potential
applications in drug delivery such as the targeting delivery, controlled release, molecular recognition, etc. Poly (styrene)-
block-poly (acrylic acid) (PS-b-PAA) is a representative amphiphilic block copolymer whose self-assembly in the selective
solvents has been widely studied during the past years. Micellar morphology of PS-b-PAA sensitive to temperature, and
temperature effect of PS-b-PAA are of great importance for the drug delivery. However, the micellar morphologies of
PS-b-PAA have been investigated mainly at the room temperature so far. The understanding is still limited to micellar
morphology of PS-b-PAA in the varying temperature processes. In the present work, an investigation of the relation-
ship between micellar morphology of PS-b-PAA and the temperature is conducted by using in-situ small-angle X-ray
scattering (in-situ SAXS). The SAXS experiments are performed on the BL19U2 beamline of Shanghai Synchrotron
Radiation Facility. The energy is selected to be 10 keV and the wave length is 0.1033 nm. The two-dimensional (2D)
SAXS patterns are recorded by Pilatus 1 M with a pixel size of 172 pm x 172 um. A sample-to-detector distance

of 5340 mm is chosen, giving access to a range of scattering vectors ¢ of 0.11-0.89 nm™".

The temperatures of the
specimens are monitored by using a Linkam thermal stage THMS600 (Linkam Scientific Instruments). One-dimensional
(1D) integrated intensity curves are obtained from the 2D SAXS patterns by employing the Fit2D software. The PS-b-
PAAs (PS : PAA = 3000 : 5000) is purchased from Sigma-Aldrich Inc and used directly (without any treatment prior
to experiment). The PS-b-PAA is dissolved in solvents of N, N-Dimethylformamide and HoO with various proportions.
The concentration of solution of PS-b-PAA is 10 mg/mL. The experiments show that the sizes of micelle particles in
PS3000-b-PAAspoo solution are grown with water content increasing, and double scattering peaks (gpeak1 = 0.418 nm_l,
@peak1 = 0.456 nm ™) appear for the solution with 10% water. A temperature-dependent change of SAXS intensity is
demonstrated by in-situ SAXS. The intensities of peak 1 and peak 2 vary in a contrary waywith the sample’s warming
up, but the positions of the peaks are independent of temperature. The double peaks in SAXS profiles suggest that the
size of micelle particles in the solution is not homogeneous but the micelles with two close sizes coexist. It is interesting
that the number of two-sized particles changes at the same rate in the heating process although there is a significant

difference between the initial number and the final number of micelles.

Keywords: block copolymer, small angle X-ray scattering, temperature effect, synchrotron

PACS: 83.80.Uv, 61.05.cf, 92.60.hv, 29.20.dk DOI: 10.7498/aps.67.20172167

* Project supported by the National Natural Science Foundation of China (Grant No. 11405259) and the National Key R&D
Program of China (Grant No. 2017YFA0403000).
t Corresponding author. E-mail: yangchunming@sinap.ac.cn

1 Corresponding author. E-mail: wangjie@sinap.ac.cn

048301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172167

	1引    言
	2实    验
	2.1 嵌段共聚物胶束制备
	2.2 原位SAXS测量

	3实验结果
	Table 1
	Fig 1
	Fig 2
	Fig 3


	4讨    论
	Fig 4
	Table 2
	Fig 5
	Table 3
	Fig 6


	5结    论
	References
	Abstract

