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AIAHTE 25 B 52 Wi 7 TG A 0T 90 6 A7 4 18 7R L, S50
PIZLERE T PBA-b-PMMA BRMRi B3R & W 895
Lo FCE kg Xt 3l 7 2 R A ROU AR T 25 (4 52 i

1 ZBES

L1 ER5H

WAL N M B2 W OBE (MMA ), n-IN M B2 T e
(BA) N, N-— FF 3 Y e ( DMF) | G046 37 46 (
Cl) st AL s (Cu""Br, ) , (AR, [ 25 95 JR Ak 2% 1 7
A FRAF) s MMA Al BA FH 6l 74 4801k 47 B3 BH 2% 51
FF98 2818, DMF T /K it iR 8% 4 4 4o 11 9 T
RN B (99% , VG WA 7)) , 2-0R 5= T Mk IR
(98% , Aldrich) , Z & fkL 4% (NaN, , Aldrich) ,N, N,
N',N",N"-H P 5~V & 3 = i (PMDETA ,98% ,
TCT) , HoAth 3 50) 24 4 9 #r 4.
1.2 &8
1.2.1  ATRP 5| & 5 (R AU R T MR H N B
(PBiB))

S ESCHR G T7 454 IR PBIB 51 & 51T B
fi (7.0 g, 130 mmol ), = Z % (17.5 mL, 130
mmol) , Z 5 H ¢ (100 mL) il A% 250 mL [ &5
L, B 3908k T 00 5 TR VK A T oS T
Pt 7R (28. 8 g, 130 mmol) Z21& i A Jif il 5¢ 5 ) &
T A HE 24 b 2 JBER 2908 0y EE , U8B S AL Bl
VTS U 22 0 A BILAR TS 7K B TR B T MR S A D
JEA AT 2800, 7338 14.4 ¢ T4 PBB, = R
55.8% . 'H-NMR ( CDCl,, 8): 4.8 (—CH,—,
2H),2.5 (—C=CH, 1H),1.96(—CH,,3H).
1.2.2 a-f Z-PBA-Br K4 T 5| & 7 ( linear-
PBA-Br)

1ii] 58] JFE B2 0 7 i A PBiB (60 mg,0. 3 mmol) ,
BA(7.68 g,60 mmol), Cu"Br, (3.5 mg, 0.015
mmol) ,PMDETA (5.2 mg, 0.03 mmol) Ll J DMF
(1 mL) B 5 AR EE A 10 em (4 22, 1R & 14
RANBARFE—AEERE 3 RFEHO, R
A 70 °Cyh i 5 v 52 . 3038 & i) 1) s, b
PEE AL AR 25 bR A £, 78 B R UTTE 40 C B AT
1 75 3] 5.3 g linear-PBA-Br, 7= % 68.5%. "H-
NMR ( CDCl,, 6): 4.7 (—CH,—, 2H ), 4.0
(—(OCH,),—,2nH); PDI_,, = L. 14, M . =
19540.
1.2.3  PBA-b-PMMA 2§ ¥ itk Bt B & ¥ (linear-
PBA-b-PMMA-Br)

[ B4 JEE B A -k B -PBA-Br (2. 86 g,

0. 146 mmol) , MMA (7.3 ¢,73 mmol) , bpy (45.5
mg,0. 292 mmol) ,Cu'Cl(14. 6 mg,0. 146 mmol) Fl
DMF (5 mL). A& th—Hh B 25 S B ¥ 3 s
LA 70 C il f By 2 e i ). H] A
PESEALSE L BRI L, B DTTE ,40 CH = T, 15
# 6.7 g linear-PBA-b-PMMA-Br, ;=% 65. 9% .
1.2.4 a4k F-PBA-b-PMMA-N, ( linear-PBA-b-
PMMA-N,)

] 25 mL B S B2 P A -kt BE-PBA-b-
PMMA-Br (1.1 g,0.02 mmol),DMF (7.5 mL),
NaN, (26 mg,0.4 mmol) ,60 °C T 44t £1:24 h.
S 25 O JE HI W B/ K DT TE ,40 C B T4, 15 2
#5 0.9 g linear-PBA-b-PMMA-N, , ;=3 81. 8% .
1.2.5 PBA-b-PMMA 4R & ¥ ( cyclic-PBA-b-
PMMA)

] 500 mL = 140 o im A PMDETA (17.3
mg,0.1 mmol) XA & 350 mL JG7K DMF. Jx & ¥
IR—h B2 5 e 2l R T IA CuBr(14. 4
mg,0.1 mmol); 0.1 g a-HtI-PBA-b-PMMA-N,
(1.85 x 10" mmol) # fi#t 7€ 75 mL DMF J5 fin A
FE T3 WG =F b, FR SR S AU T b T 22 A8 R
#| CuBr/PMDETA [ DMF 4% % o, )& W 7F 65
CHEAT, BE W WAE 24 h NTH 58 52, 98 )5 4k
ZE N 24 he g A v A BR AT BR 2o A R T
ZEWRGR 5 AE WP BE R IOVE , 7 W 7 DU S K g v i
Je PR A O P T, 40 C HoaE AR, 155 0. 06
g cyclic-PBA-b-PMMA , 7= 3 60% .

1.3 S5

ZLAN 61 (FTIR) , Jd 3 R AL 8 IR %,
Bruker Tensor 27 & {i§ B i 21 4} 5 3% A I 7 7 )
254 H-R 3R AR (TH-NMR) |, £ 5 TR A
{5, Bruker AVANCE 400 AU 4% i L R 354 #6
5 BEIE B 3 OTE AL, B BB R O bR ke
JH O SR R A 3 B Y, U B <O 1 mL/min; $4
HOPHT,S mg AR gL, RF AT (TGA) HI Q5000IR
VA P T T 10 K/min 9 T 3 28 A 28 3R T
£ 600 C ;72 H i A% (DSC) ,5 mg KE 5,
TA Q2000 7 2% /x4 Hiff & AL T = I FH il 2
200 C LRI S min, FHREH A 10 K/min, 54 J5 R
R 2 - 80 C, ik 5 L 10 K/min (9 38 B T i
2200 C ;35 3 L WG (TEM) B 5 T HE R
TErE R U 28 5% 1Y SUR PRI, FF e 25
B K WA R T 1% W Y RuO, 4
4 h; A JEOL /A &) JEM-1011 %135 5} By 1 2 13
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Ja il ATRP (19 /53 4 il linear-PBA-Br #11 linear-
PBA-b-PMMA-Br, f- 6 i 2 5 1 5% # 5B-N, ﬂ% 0
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Fig. 2 'H-NMR spectrum of linear-PBA-b-PMMA-Br

P linear-PBA-b-PMMA-N, & B 3K {4 , — 4/ 4

R TE R A B 2 R A B eyclic-PBA-
b-PMMA , & 4 ZH'H-NMR £ &, B+ 6§ =5.5 4k

Synthetic route for the preparation of well-defined cyclic-PBA-b-PMMA copolymers

)

a) Linear-PBA-b-PMMA-Br
b) Linear-PBA-5-PMMA-N;
¢) Cyclic-PBA-b-PMMA
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Fig. 3 FTIR spectra of (a) linear-PBA-b-PMMA-Br, (b)

linear-PBA-b-PMMA-N; and (¢) cyclic-PBA-b-PMMA

XfNHY & PBiB 7y 7R —CH,— (8 =4.7) th T
T2 31 58 1Y A8 A0 BT 7 AR AL RS 5 5 b 2k e TR
2100 em ' Ab By Mz e 0 3 2%, € B linear-PBA-b-
PMMA-N, » FH M B HAEFA S 5 K4 T click
S
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cyclic-PBA ;,-b-PMMA,,,, i) GPC ph 2, IR Fra] LA
B AR Y0 U I R A S, BT e R
FHER S, A BN 12k R &
B/ BRIE B B R AS o B A B T AR L A A A
BER B B g a5 R, FOR BB W0 7 8 o0 A 1
58 T HEIL MR G Y, J& b T 5O b A w] o 4
AR TR KA T N ER B IR AL BB B A
AT 4RI RN DL B AR SE SR BT, B R A
cyclic-PBA-b-PMMA.



7 3 VPS5 . sl L2 5B 1 PBA-D-PMMA FRfR ik B R 4 (0 A 52 925

aH,C N CH
\
L
o i, H 0 1]
bH;C—C‘ C—‘CHC—(‘
X 0:? n =? I
. 9 D
cHz(“, CH;
CHy ¢ LS
‘CHzg
CH; h
e |k
a
WWM
6.0 5.5\ 5.0 4.5
a L
8 7 6 5 4 3 2 1

Fig. 4 'H-NMR spectrum of cyclic-PBA-b-PMMA

—— Linear-PBA-b-PMMA-Br
- - Cyclic-PBA-b-PMMA

Retention time (min)

Fig. 5 GPC traces obtained from linear-PBA ;, -b-

PMMA,,,-Br and cyclic-PBA 5, -b-PMMA ;,, copolymers

2.2 MR

2 W% g B P I T 345 %)) linear-PBA-Br H1 PBA
M E A FROT 151, XN GPC B Em) & . IRtk
K4rF 5| &K A 75 A linear-PBA 5, -Br. Linear-
PBA-b-PMMA-Br 1 BA fil MMA & & B oC 50 & H
AL3E kR ARG R AR

[BAT,,ome’/ [ MMA] =38,/28,

Hr [BA] [ MMA ] 4351403 BA MMA 2544 5150
¥, S, 17 MMA h—OCH,(6=3.4 ~3.8,3H) (¥
g fE B EE 5 S, {832 BA F1—OCH, (6§ =3.8 ~4.2,
2H) [ W% {4 38 BF. Linear-PBA,, -b-PMMA,,-Br,
linear-PBA ;,-b-PMMA,,,-Br  #1  linear-PBA ;, -b-
PMMA,,,-Br Bz X5 I (4 350k 58 5 90 19 43 + 2 Ml
P AR RS TR 1.

MR 1 B B B RS 5 X N Y 2
PE BOR G W) 00 53 1 43 A 48 BOM i, U W] 2R vk
itk B R A W T g 1A 22 8] 14 B R 5E A R 43 1 N Y
N 38k LMk Be R G W AR Rk BE R G W A
A2 AP AR IR B K RS Y
W20 53 Z 1) i AR 0 2 58 4 A 43 15 T 3% 358 Ak 5 78
T 5 RA W S50 BT A OC, AR TR 1 45 48 5ot
3B B 3K G SRS B3 Ak e 7 R R R A £
FEARAE.
2.2. 1 $E o4

REWEEN AN R EYWREE WA —E
B 5 mi . & 6 4 linear-PBA j,-b-PMMA,,,-Br Fl

copolymer

Table 1 Characterization data of the synthesized polymers

Sample M,*x107? M,/M,*" Sopa " (vol% ) T, ppa“(C) T, puma (C)
Linear-PBA 5, -b-PMMA ¢ -Br 28.0 1.26 0.71 -44 116
Cyclic-PBA 5, -b-PMMA 5 23.3 1.29 0.71 _43 117
Linear-PBA 5, -b-PMMA, ,;-Br 41. 4 1.25 0. 49 -43 118
Cyclic-PBA 5, -b-PMMA ,,, 36.2 1.31 0.49 -43 119
Linear-PBA 5, -b-PMMA,,, -Br 53.9 1.29 0. 36 -44 118
Cyclic-PBA 5, -b-PMMA,, 49.6 1.32 0.36 _44 119

* Determined by GPC measurement ;" Determined by ' H-NMR and calculated based on mass densities at 25 °C of 1. 08 and 1. 19 g/cm® for PBA

and PMMA , respectively;“ Measured by DSC

cyclic-PBA 5, -b-PMMA ,,-Br f) TGA fth £ , 4 & 2
AL AT o i 2R L. IR 6 Ahrn] DA, e PE R

I AS MRS E (R T THEBR K BE B A

W 1) e A AR R Ry 377 °C AR I ) BRI SR 1 1 I
i IELBE Ry 385 °C. TN TR TR 2K ) AR e ik B T L 40
R A, A IR 5 W00 114 e i O i A SR R A AR L T
AYERGY  IRR G TR L TR, i 5
ok 1 B BE-IROR Ui B L T 45 R ARE 1 =R B A Y
IREMA TS S —Tr i, BRI E Y TR

AIIRAETR , DRI B S P o AT 80K B g T B 1 4

[

2.3 MESEBSH
BR8]t T HA AR R R R L

AR AT L R i R 25 1F (IR ), e

2 Bl Z A P B 45 4. R IB K linear-

PBA ;,-b-PMMA,,-Br W& 7 (a) Fron, 58 H ik
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Fig. 6 TGA curves for linear-PBA 5, -b-PMMA,,,-Br and

cyclic-PBA 5, -b-PMMA,,,

B AL R iy i 2R 450, W IX OR8] 7 (b)
ATLUA A S RFAE 30 nm Ze Ay, Hop PBA £
RuO, B, F 1 P v 568 B R 1 3 0, 3
X% PMMA . KRG WIHE L2 140 CIR K 24 h
Ja W 7 Ce) B, RAa W HESE TR AL R
(9 AL T 48 SOR A9 45 4, RO I 7 () L 31
Wi JF 78 25 nm 7247 BORGB JCRIT I AT /0N X
HT T AR 23 B A R L 5 AN A AR R B PRGR K Bl iR
FERA 5% B IR AE IR G W A BiE A0 e AL iR
DAL 31 o Be U s v e O T A 2 B
AL 2 BN R 03 (9 ik BER G, BT AN R A A 0
FE DL RO AR A B E , BE A TR M BRAR L R b
PR A B RUBR T — - I A S5 AR 5 3 o 51

Fig. 7 TEM images of (a) non-annealed linear-PBA 5, -b-PMMA,,,-Br, (c¢) annealed linear-PBA 5, -b-PMMA,,, -Br,

(e) an non-annealed cyclic-PBA 5, -b-PMMA,,,, (g) annealed cyclic-PBA 5, -b-PMMA,,, and (b),(d), (), (h) the

amplified pictures of the black rectangle regions in (a),(c¢),(e),(g) respectively

H 2 B B3 T IR 1 1 0 R A A2 T AR X
(1 i 2 =2 161 B P A e

K 7(e) & cyclic-PBA ,,-b-PMMA,,, /) TEM
PR BT 7 () 2 8 6 2 A2 1 s K BT, IO [
7(e) Rl DLW AS B A, X 5 H L MR TEM
PG AT AR K D)« PR bR i BB & ) i o ) i -
Ir TR S5, 3 B 7R HAH SRR HUIR BB S,
B2 50 W S, AR s RO 7E LA g K 2L+ A
PR B IT, WA T (g) Frow, A R
B 14 00, AR 3 s A R S B L 18 7 (h) S A
7 (g) BYBCRIET, AT LR BT 8 00 00 1) 25 BL T I He R
AIE S, 31X AT R A K Ol 23 74 Ok KoK i, 73 1 ILER
Je s AR B A o Z (A0 AH B HE e, A B 20 4 B
MR AR DT 2 AL B HUER BB 25

3 #ig

5% 38 5 il FH & Ak 2% SR AT ATRP, 4 ik
th PBA-b-PMMA Ffobk i BE R & 1. 5L 45 R 3k
B, PBA-b-PMMA Rk Bt R G W h T I 2%
AR i, WU AR 22 014 2 5 M B e 1) — e IR, (i A5
Y AR fope 2 7 KL XF S DA AT, AT EL AT A v ) AR
fift IR s PBA-b-PMMA 3MR i BE 3R A ) J 9 i
S-Ar WO A IE 2, 43 BORH S22 AR 1) 25 AL 1 i ol
RIEA . YR KRB & T PBA/PMMA AR G
VB S AL AR IR 2 B PBA-b-PMMA 30K
MEBREGY T T2 B S S5 R S, 5w
S IR R I WA 1 AU R 19 TR S A 85 RS
B &
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Synthesis of PBA-b-PMMA Cyclic Block Copolymers Using Click Reaction

Peng Xu, Kang-ming Nie ", Li Wang, Li-ming Tian, Song Wang
(School of Chemistry and Chemical Engineering , Key Laboratory of Environment-friendly Polymer Materials of Anhui Province ,

Anhui University, Hefei 230039)

Abstract Cyclic poly ( n-butyl acrylate ) -block-poly ( methyl methacrylate) ( cyclic-PBA-6-PMMA ) can be
synthesized successfully by the combination of ATRP and click reactions. The cyclic copolymers were obtained
by the intramolecular cyclization reactions between the linear precussors at high dilution. The chemical
structures , molecular weights and molecular weight distributions of the cyclic block copolymers obtained were
well characterized by Fourier transform infrared spectroscopy ,nuclear magnetic resonance spectroscopy and gel
permeation chromatography. The thermal properties of these cyclic block copolymers and their linear
counterparts were characterized by differential scanning alorimetry and thermogravimetric analysis. It is
interesting that the cyclic block copolymers have similar glass transition temperatures but higher degradation
temperatures compared to their linear counterparts. The morphologies of the prepared samples were investigated
via transmission electron microscopy. Unlike the linear block polymers,the cyclic block copolymers exhibited
unique morphologies. Obviously , the cyclic block copolymers displayed a continuous dispersed morphology , and
the dispersed phase had a worm-like structure. Meanwhile , nano-scaled phase separation was also observed
between PBA and PMMA phasees. By means of annealing above the glass transition temperatures of the two
blocks,PBA and PMMA , both linear and cyclic copolymers possessed well ordered nano-structures ,and the size
of these separated domains increased after annealing.

Keywords Click chemistry, ATRP, Cyclic polymer, Azide/Alkyne, Phase separation
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