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AR I T B R R LR Y. SRS A TR B L 5 T SR R 2 B R /N TRk i A
RREYIRIBISHA —E MR SRRk, b TR 7F e, AU AB, BRIZEILE
PIEas S, RIS Q R A5 B S8 R E , R ERAS LI | A5 LA R IELE A SRS AL

1 KWED

1.1 K758

U RS R & T BE (PEG, Acros 2 Al -3 40 F 543 5O 800, 2000, 4000; HLH A LR 4 T EE
(PEGm, Acros 23 H]) V¥ 501tk 750 BAE AR H MR (GMS, LR AR, aral). LLE2 0
EEA PO, BEA T, T75 CTE12 h &H; T REF(SA) S CHk[25] Fikitaisg
1,4-Z50S R N, N-ZH L H R ( DMF) FH /K B R BE T8 Jo Il R 2818 s — ORIk 3A 70 F i T a5
I PR ST I A SN U W A ST I o LA 33 S B (53 W DS /N s VT2 VT

FH Varian /A&l Mercury Plus 400 MHz % #2 # F R T =I5 00 2 7= 91 6 "H NMR 3% ( TMS A N
B7), Lk CDCL, 5 DMSO-d, R H]. R Perkin-Elmer {8 HL AR LT 483640, W& P2 MBI LL A0 ik,
TRALEH T B 5 A WIRA BANSS 53t 72K ] Perkin Elmer Pyris-1 ZHGHHER P IE, THRE
10 °C/min, [AEFRA] Leica DM LP {6 B B 2 A TR MEE. XRD R B Cu Ko £ 1R (40 kV, 20
mA ) 1 Rigaku X FFZEATHY (D/MAX-2200/pe ) i, 53 EE 4. 0°/min, HHGTER] 10° ~50°(26).
1.2 RIETTE
1.2.1 B#EAgER = T B H il B8 (GMS-SA,) B4 & 7€ 150 mL #EIEHEH, #4518 g(0. 05 mol) GMS ¥
T 40 mL JC/AKAEIF, Z04HEH0A 20 g(0.20 mol) T _FREF(SA) , f BRI , THEZE 60 C,
PEPERN 12 h J5 , WAV R % R e 28 AL, T 120 °C FHEAS(0. 09 MPa) 2774
HGEW (AT 0.5 h), B 2 E=IRE, 7% KT 50 mL JoKINERE A, 08, FEg s
A 400 mL EBFKH, S TFHE0.5 h, & T W TK, BAVKFE TR 12 h, g5
BE P EEA, T80 CE2s T4 12 h, W# 88%. FTIR(KBr), »/em™': 2955, 2918, 2850, 2657,
1729, 1714, 1693, 1471, 1419, 1311, 1247, 1196, 1180, 1115, 1045, 942, 801, 717, 640, 581.
"H NMR (400 MHz, DMSO-d, ), §: 0.82, 1.20, 1.48, 2.26, 2.48, 3.30(H,0), 4.15, 5.25, 12. 10.
1.2.2 AB, ZAZEEXR YA K DIREEIEIR — T W H MR R & R GMS-( SA-PEG2000 ),
B BN, AE 150 mL HEE L, B 1. 395 g(0. 002 mol ) GMS-SA, Fl 11 g(0. 0055 mol ) PEG2000 % T
20 mL NEAATS mL DMSO BIRAERIH, FNA 0. 02 g FRRWAS (AL , 10 mL — 2k (S Bk
), BT E THess 25 2 L, 7EAE 0. 09 MPa T 3 h J5, FEFESE 200 Pa, 160 °C F4k4L %
N1 h, FRRHE T8 R T IA 15 mL SA05 &™), 1€ 300 mL Jo/K LB UTEE, b @ik, f
1€, T80 CHEAS T2 12 h, Wt 89%. FTIR(KBr), #/cm ': 3456, 2889, 1968, 1732, 1644, 1468,
1360, 1343, 1281, 1241, 1147, 1112, 1060, 962, 842, 752, 693, 529. 'H NMR (400 MHz, CDCI,),

5:0.76, 1.15, 1.51, 2.21, 2.53, 3.48, 4.14, 5.16, 7.3. F=¥H 8y T3 1.
Table 1 Molar ratio in feed

GMS-SA, PEG PEGm .
Sample R R Yield( % )
F. " n/mol m/g M, n/mol m/g M, n/mol m/g
1 558 0. 005 2.79 750 0.011 8.25 82
2 558 0. 005 2.79 800 0.011 8.8 84
3 558 0. 0025 1.395 2000 0. 0055 11.0 89
4 558 0. 00125 0. 698 4000 0.00275 11.0 88

a. Formula weight; b. molecular weight in average.
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Fig.1 'H NMR spectra of the intermediate and AB, star-shaped miktoarms polymers
FIAMIRGEE T R 5 i b (A A B AE IR R — T MR H I liE GMS-SA, I AB, 2RI LR Y
[ GMS-(SA-PEGm750), Fl GMS-(SA-PEG800), ) '"H NMR %K WIA 1, i%E 54k a ~ k 3P4
FUEHATARIIE TIHJE. 78 GMS-SA, 1Y "H NMR 35 [&lHr, sifR B i AT S FH R a i1 AR
ZWHEIT 273, HAR A W i 1 AR5 Y BE e TR AR - LA 5 BRI (R RS — 25, SR BITRE IR H 3l 188 19 73 1 5
A I ERAL , AR T iR BE A rh R BRLRE R R — T R HHm .
£ GMS-(SA-PEGm750), /) "H NMR 1, JE A R 506 i 58 02, RS WEANSRAELE, IFR
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AT RRAERS , 7E 8 3.7 BT AN 3. 4 Ab 4 B T — AN AR I N — N 55104 T M PEGm B A
AFF i (—CH,CH,0—) , J5# i PEGm B s H & F A . [FFEZE GMS-(SA-PEGS00), 1)
"H NMR & H, HAE S8 3.7 BHE I T —AS#r s, S PEG800 i I & i+ % (—CH,CH,0—).
HIUE AT L, SR A US4 (2) il 4 AB, BRIZWEF LY T i, PR IR B 1 5 | AN TR /N T
(g i NEE Se8 Y/ ED S
2.2 AB, ERRBEHEYWNSFE

HF AB, SRIZR IR Yo T L5 AT R B, BORT LAEAT ' H NMR 35 B LR o F R i 755
Mriti, BRSS9 T3 2.

Table 2 Molecular weights of AB, star-shaped miktoarms copolymers

Sample Mn,qh ]Wn ( NMR) Samp]e Mn,qh M“ ( NMR)
GMS-( SA-PEGm750) , 2000 1800 GMS-( SA-PEG2000) , 4500 4100
GMS-(SA-PEGS00), 2100 2200 GMS-(SA-PEG4000 ), 8500 7800

F—A~ AB, B IR A RE NG RR A 40 — WS, T DRSS "H NMR & #1750 F it

SEETTR M. X T uR RS AB, BRI ILRY) .
M,(NMR) = (S,/8,) x (3/2) x 14 +15 + (S./S,) x (3/4) x 44 +313
X Fu AR AB, IR LR Y)
M,(NMR) = (S,/S,) x (3/2) x 14 +15 + (S5/S,) x (3/4) x 44 + (S8./S,) x 15 +313

Hor, S, AR RR bR b P B S BT T A S, A AR R be SRR —CH,— &5 T T A S,
PEG B F AT UL, 44 O PEG 25 o0y, 313 3 fbas i saon ( T /e Himlg ) i,
S, B EIL AT R, 15 S H AU

HRPEZE 2 S5 A AT, @ TH NMR ST iR 210 AB, ARILRYIN 73+ ST
BAHIAYIS, XKV AB, BRI IR BB R G SE iI).
2.3 AB, ERREHREYHLE RIEEE

KAZPARL(DSC) | X FHEATHHML (XRD) Mt B s F Bt AB, BRI Zui L 2k fhir
JEEAT T BF5E. B 2 Sh 4R AU PEG800, PEG2000, PEG4000 Jz H:AH W AB, & M Z%E R Y
GMS-(SA-PEG800),, GMS-(SA-PEG2000), Fl GMS-( SA-PEG4000), 1 DSC FHikth<k. & 2 afLIE
i, GMS-(SA-PEG800), il GMS-( SA-PEG2000), AYFHE i<k 43l i 80 T AN alidg , Hodrge 25 C
FRFIE B — AR B R g, wT DA S AB, B2 ZRRE SR Py s I e H I R e 558 (GMS) B4 il
W T 5 — AN FE A5 TE 1 Rl DU Xk T PEG . {H2AE GMS-( SA-PEG4000), ) DSC FHi il £k 1
25 °C PRI A W RN AR B B s g | X & i T GMS-( SA-PEG4000), ' PEG B 14> TR0k, Hif5hF
FETR H e ot A8 (A AR 5 B R I T AR .

BCATL, A2 AB, EAZREFICR D, BRI ’/_,j\__/
R PEG R A T 4500, 351, MIE 2 Hrikn] b
DR, 54 PG HAE, PRI K A0 ‘ g —
SRS AR, (7 AB, LR YR PEG /f/\/\//
(95 Tl L B2 S5 MR R (2R 78 PEG AH L 1A BT REAIR ¢ I U
TEIRARIEREE L 5 ~ 10 °C, HBE% PEG H /> T / : :
BB, S XA REARG S U /S -20 0 20 40 60 80
Temperature/C

Kl 3 92 PEG2000 , e HE A 1Y S0 I 112 Fig.2 DSC curves of AB, star-shaped miktoarms
ST R R GMS-5A, il AB, B RO copolymers and the corresponding linear PEGs
HEY) GMS-(SA-PEG2000) , ) XRD [l i with different molecular weights, at a heating
XHEE AT LA & BE, GMS-SA, A B 245 4. 1F rate 10 °C/min

GMS-( SA-PEG2000 ), A9 & i v ik vl UL & %], o PEG800; b. GMS-(SA-PEG800),; c. PEG2000; d. GMS-
GMS-SA, 155 By 45 S aT g (ANl 3 b = FFg). (SA-PEG2000), ; e. PEG4000; f. GMS-(SA-PEG4000),.
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A, GMS-( SA-PEG2000), HJ XRD & 3% F1 £ 4!
PEG2000 [ XRD EITEAHRL, RVIZAHE 2 AR
YIRS AT EE BT PEG .

T PR A RS A S R N AR R
Wah ah AT R RE I, SR A O'G 0. S8 ook B A S TR T
Mg, £ PEG4000, GMS-( SA-PEG2000), #i

PEG 2000

GMS-(SA-PEG4000), F4h fid BEHEAT T 7E 4 MR GMS-(SA-PEG2000) , , , , ,
SERE 4 BN, Al A SRR Bon, g 31010 2520},(%” 33404550
PR IR 2L AR A 2R/ NAOIRES i, TZPE Fig.3  XRD patterns of PEG2000, GMS-SA, and
ROTBEFEEIRMRERS, BSEh Mz in, msh GMS-( SA-PEG2000),

A CIRAER , B S8 FLae U g KBk SR b . it > F 3T, s A1 20 AB, B AIZE
ILRY), TR IR I A AETE, A AT R A T AL, XY PEG B 194> F 2 BARE [ 40
GMS-( SA-PEG2000), ], H&5 & UG B T I f AT 35 5 B bl R T il 6 110 285 R R 3 B AR B, Rk
ATLIACHTE AB, BERIZRE IR Ydh | BRE R IR Hms e S 1 e 48 dh, T, Mit—41% S PEG
ghih, BRI SR — RPN T ACIR S FIER G 2 BB /N SR, 1Y PEG 819 4> T i 5 i B
[ 4 GMS-(SA-PEG4000), | , % T—" Ko+, FEAEJEIR H I fe b R 30 0 A 3 i /b, AR 4EE i
FEUREEIE R T 40/ N AR A, E A R B sk /b, i ELAR P B B /N ER OB SR, O BB 4
K. TCIBSE GMS-(SA-PEG2000),, /2 GMS-( SA-PEG4000) , ) BTS2 8y fi A RSP ALk v PEG AH
EL 3T MR EE s/, FHBE Rl UL, X 2R SR &, vl LA i 5 | 2258 A2 5 o 45 il 2L
YIRS SIE S SRR, TEARFSEIR R T, GMS 228 H5 | A A T PEG RIS SATR, GMS & i
K, FEIL AN HURES T GMS & iU, B AL BR
() R A :

10 um
(B)

lﬂl_'pm
©)

10, um
(D)

! g0t o °| Spapiaed :
s N, $ w’&aﬁ’hs @g\ 4 3

10 um 3
linear PEG4000(B) , GMS-(SA-PEG2000),(C)

: s
Fig.4 Crystallization process ir situ of GMS(A) ,

and GMS-( SA-PEG4000), (D)

The crystal morphology at different crystallization time(s): (A) 15, 17, 19, 21, 23; (B) 240, 243, 249,
255, 265; (C) 212, 222, 227, 232, 237; (D) 21, 56, 105, 133, 158.
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Synthesis of AB, Star-shaped Miktoarms Copolymers and
Their Crystallization Behavior

WANG Kang-Cheng' , HUANG Wei** , ZHOU Yong-Feng”, YAN De-Yue’”
(1. Department of Chemistry, Huzhou Teacher College, Huzhou 313000, China;
2. College of Chemistry and Chemical Technology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract A small molecule (GMS-SA,) with one alkyl chain and two terminal carboxyl groups was synthe-
sized successfully via the reaction of glyceryl monostearate with excessive succinic anhydride. Then, the small
molecule was used as a coupling agent to condensate with polyethylene glycols (PEG) with different molecular
weights or polyethylene glycol monomethyl ether (PEGm) in the presence of stannous octoate as the catalyst
and diphenyl ether the as azeotropic agent to remove water. Thus, the AB, star-shaped miktoarms copolymers
were obtained successfully, and were characterized via '"H NMR, DSC, GPC, XRD, FTIR and micropolari-
scope, etc. DSC and XRD measurements indicate that the crystallizing temperature and the melting tempera-
ture of the AB, star-shaped miktoarms copolymers were different from those of the corresponding linear PEGs
because the existing of GMS-SA, altered its crystallizing velocity and the perfect degree of crystal. It is very
important to control the crystal shape of the star-shaped copolymers through introducing the miktoarms into the
copolymers and changing its content in copolymers.

Keywords Star-shaped copolymer; Miktoarms; Glyceryl monostearate; PEG; Crystallization
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