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1.0 mL/min, 3% 4} Styragel® HR3, HR4 F
HR1 (8¢ HRS5) , DAZE 5045 ROR LG HE I bnkt: ; i
e T WA ( TEM) | JEOL, JSM-100X ; )62 4% fiih

F IR, KRUSS-DSA20.
1.2 AWHEUELEW4-(3-THEE-FE)XE
Z 1% (BEOMSt) Byl &

£ 250 mL BB ANA 29.33 ¢ 19 3-T
I5-1-B 38 N, BR%0.5 h J5 THEZE 40 °C , 18
A2.19 g Na, 3R 0.5 hy Z )5, B R I T+
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Fig. 1 '"H-NMR spectrum of 4-( ( but-3-en-1-yloxy ) methyl )
styrene ( BEOMSt)

"H-NMR (400 MHz, CDCL, ) Z5 4N /E 1, a 1§
(8=2.38) 4 CH, = CH—CH,—5% W H 3% I A&
Tl b (5 =3.52) N—CH,—CH,—0—4f 5%
Jir A AT R B U0 e 1B (8=4.50)
Ar—CH,—O—4# . H1 H | S5 ¥ 06, d 1% (6 =
5.07) M CH, = CH—CH,—5E A 3 0. H1 5 I U R
T e 1 (6 =5.24) A trans-CH, = CH—Ar H5 .
HJE [ & I, f 18 (8 =5.74) 4 cis-CH, =
CH—Ar 85 B E S 7 U, g (8 =5.84) N
CH, = CH—CH,—# ) F 5 I &0 F 0%, h 1§ (S
=6.71) K CH, — CH—Ar BEVK F 3 | S0 1%,
1 06(8=7.32) WA LA T
1.3 SHBNENTELEHKSF RAFT (macro-
RAFT) ik 7 B9l &

4 DCSPA (1.497 ¢) V501 (0.117 g) . AA
(9.221 @) IMAZE 25 ¢ SN, PGB RIS
A 250 mL = H B, N, BRE 30 min, KiB
JN#E 80 C, N, ST [ 2 h. fil A BEOMSt
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Fig. 2 Chemical structure (A) and'H-NMR spectum (B) of macro-RAFT agent

"H-NMR (400 MHz, DMSO) 45 5 [& 2, a 1§
(8=0.86) Ky A s FH F—CH, &% T0%,6 =
2.50 &bk DMSO #5516, 8 = 3. 30 &b Rk, 5 =
3.57 b AN IE b I (8 =4.44) S Ar—
CH,—O—H5 . H 3 |- &0 5T 05, ¢ 15 (8 =5.03)
4 CH, = CH—CH, —#E A Ui W FH Ak | S0 70,
d 1§ (8=5.82) K CH, = CH—CH,—4# K H 3 -
AT e W (85=6.45 ~7.41) WAER 4T
I £ 1% (8 = 12.23) A PAA $—COOH L& i F
I8 =1.21 ~2. 34 4b N5 macro-RAFT 5 ik i
ZRAH T Y AT I
1.4 RAFT B&ES

3 1 Expl BIBCTT, B St Al macro-RAFT
R EOSIRIF B A 100 mL R BEE
afi N, AU Y =080 . 38 N, 30 min )5 K

RN ER T 75 C LS PEm b, LG 7 B+
15 min J&, A AIBN B9 S HEW, 51 & R
A TN 3 AR R B R
1.5 RAFT A %ERE

FF 1 T exp2 WEC B HD 5 SLIRBFR
A macro-RAFT {7 5 SDS ) /K % W, # 7 4ik
FEFZLAL 10 min, 8285875 40140 (JY92-1IN 7 )%
R REAL, 50% By #2540 1) 20 min, 15 3 B ZH
FLUR. B A5 A 2 LB A V2 BE 2% IR I
FEC AN 2l N, 21049 250 mL PUSH 38 N, B
%030 min J5 , B RNV E IR T 70 CKIE, IMAG]
K KPS, 51 & B A . [ 3 2 i i BURE 43
Wr. AW T8 GPC IE. BAEYWIRILE
45 CAliZK A TEYE 3 ~5 W, M5 LI NMR 58
I BV B . AP IREEL B IE S DL TEM WL%E.

Table 1 The experimental recipes

RAFT SDS HD Initiator Solvent Reaction Conversion

Exp St(g)
agent (g) (g) () (g) (g) time (min) (%)
1® 30 2.37 — — 0.025 40 290 22.1
730 44.6
1860 68.6
2b 30 2.09 1.5 1.5 0.04 120 45 24.6
70 52.3
170 100
3¢ — 2.09 — — 0.04 120 — —
4¢ 1.1 2.09 — — 0.04 120 — —

*Solution polymerization condition: Initiator; AIBN; Solvent: Dioxane; Temperature: 75°C ; b Mini-emulsion polymerization condition; Initiator:

KPS; Solvent: H,0; Temperature; 70°C ; ¢ Initiator: KPS; Solvent: H,O; Temperature: 70°C
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M;: 4-methyl-styrene (MSt)

i M,: 1-butene (BE)

Fig. 3 Structure of asymmetric divinyl monomer 4-( (‘but-3-

en-1-yloxy ) methyl) styrene ( BEOMSt)

Table 2 Calculated reactivity ratios for BEOMSt and St

, M, (01, ) Qs )1 " r r/n,
MSt BE (1.10, -0.63) (0.007, -0.06) 109.7 0. 007 16664
St BE (1.0, -0.8) (0.007, -0.06) 70 0. 007 10780
8 M BUEEE B T 22 25 44 macro-RAFT 5] 40k
SYPRBEAT. 45— Bt AA BB A IR AL 99% T Eamenal 18
5 Bt BEOMSt IR G AL R IR 51% . 45 LA 30kL @ PDI
53, i BEOMSt g XUsHE 2 PR EA |, H S i 1.6
07254 T B S %5 AL 3 5743 5 macro-RAFT S 20kp A
WG (F 2(a) ), FF LA NMR 43875 E. F 2 1.4
(b) 42 macro-RAFT i 5] f' H-NMR %4 ,6 = 0. 8 10k
Kb RAH T HE—CH, b S5 706, IR LAY TH . | | | 12
FUSRIEL—COOH (8 =12.2) LUK WA (8 =5.0 0 20 40 60 80
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B AR AN IR, OB L WL 1. A N
RO R TR, TC B A EL R A I TR AR
i%,31 h BF, St AL RAUiA % 68. 6% . Kl 4 i85k T
Exp 1 MBI (M,) Koy 825 itk a 5k
(PDI) B AR G AL, B e 2 F it M, ., U
) THEDY . B, B R, M 2tk
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Fig. 4 Evolution of M, s and PDIs with St conversion in Exp 1
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Fig. 5 "H-NMR specira collected as a function of St conversion during Exp 1
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Fig. 6 GPC traces of macro-RAFT and polymers collected

as a function of St conversion during Exp 1
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LR PR BN, TR N SRR R B A R AE 3
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Exp 2 6012 £ T 85 4 T Ak, JEA7 0182 i 1 T — —
e FULITAE , Exp 2 P M, SIS R LR 5 sl ~- Bl Conv =%
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1gM,,

Fig. 9 Collection of GPC traces for macro-RAFT agent and

samples in Exp 1 and Exp 2 with similar theoretical

molecular weight

Fig. 7 TEM image of the final latex in Exp 2
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Fig. 10 '"H-NMR spectra collected as a function of St conversion during Exp 2
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Fig. 11 "H-NMR spectra collected as a function of reaction time during Exp 3
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Fig. 12 "H-NMR spectra collected as a function of reaction time during Exp 4
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68. 6% I i WU AR H U L-PAAE.
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7 W B A A i e 1 . R R SR K
55 R B ) B s XSUBEE B BIR 7 7 VR i/ 7K St T
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Fig. 13 Comparison of GPC traces between macro-RAFT

agent and final products in Exp 3 and Exp 4
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JZ. 2 IR R LRI T, 2R SO W 444 XU
55 St WAL ERA BN R R AL, LAE) T4 ]
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J5  BER A RN B FEAT , FUTH JZ A U R
%, [, SRE 1 PR B A 36 1 34 s {15 08
SRR R FEIA FH BT 1 g 2 T A2 2 L SR
ST PR B S S s U T D &
ILIEE OV, B H WA D (18110)
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6 nm; fiIA St J&5, St ¥ HKIEARCH , IR B AR 2
9 nm. QUKFIE IR IE SROAAEAR /DN () SR AT YR , DA
P L3RBT o] AL Jd SUERE 5 St AE i AR/ K AL T
Wb R A S B A B, B I AR R H i b (]
12) 4 FEERRIEC, R EY o0 F it B m (A
13).

3 &g
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FIRY 2. 45 3R] R RO 18 31 h
i St AR 68. 6% ;771150 S IR (HY)
5, PDI N 1.2 7t s U1 e 4 s OB B 1 1
NEFMAL, &7 ) oy 155 H A 5 macro-RAFT
TR AR A A U A5 H . 40 3L SR B B0 s AR
Pe,3 h P St AR EL I 100% 5 1 1 5 UL ) wfi
DUIBIRE B AHAFLR RS0, B S kR gt
KA, TEREG YR, LAIBO™Y) o5k I 25
FRBAE, PDI &3k 2. 5. WL HED S BEANFLIRR &
R P LB B 49 K 2 I 52 3 ik A A HT Y i
S PSR ZEAE RAFT 2500 W52 B o 1A 240 Vi 6 1o
5 R K SR Z N B b R LA R U
St #e LA .
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Styrene Solution Polymerization and Mini-emulsion Polymerization Mediated
by Amphiphilic RAFT Agent Containing Inert Alkenyl Vinylic Bonds
Lei Yang''>" | Peng Sun', Dong-ming Qi'*, Yi-feng Shen'~
(" Key Laboratory of Advanced Textile Materials and Manufacturing Technology, Ministry of Education ,

School of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018)
(* Ecological Engineering Research Center of Dyeing and Finishing Technology, Zhejiang Sci-Tech University, Hangzhou 310018)

Abstract An ampbhiphilic reversible addition-fragmentation chain transfer (RAFT) agent containing alkenyl
vinylic bonds was synthesized by the sequential RAFT polymerization of acrylic acid and asymmetric divinyl
monomer 4-( ( but-3-en-1-yloxy ) methyl ) styrene, where the pendent inert alkene bonds were embedded
between hydrophilic and hydrophobic block. Styrene ( St) solution polymerization and mini-emulsion
polymerization mediated by the amphiphilic RAFT agent were implemented , aiming at investigating the effects
of polymerization methods on the reactivity of the pendent alkene groups. During solution polymerization, the
alkene groups show extremely low reactivity and remained intact in the studied St conversion range
( <68.6% ). The resulting polymers retained quantitative alkenyl groups and had predictable molecular
weights together with narrowed molecular weight distributions. These findings proved the living characters of the
solution polymerization. A different case was found for RAFT mini-emulsion polymerization that
copolymerization of alkenyl group with St occurred since the early stage of reaction, leading to the coupling
between polymer chains or RAFT agents. As a result, experimental molecular weights positively deviated from
theoretical values, and polymers had rather high polydispersity index. It was speculated that the reaction of
alkenyl groups was enhanced as a result of the adsorption of amphiphilic RAFT agent onto the surface of
monomer mini-droplets , since it could cause an increase in either the concentration of propagation radicals or
the concentration ratio of alkene group to St in the oil-water interface layer of droplets.

Keywords Reversible addition-fragmentation chain transfer, Solution polymerization, Mini-emulsion

polymerization, Asymmetric divinyl monomer
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