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Abstract Thermo-responsive graft copolymers, ethyl cellulose grafting poly(N-isopropylacrylamide) (EC-g-PNIPAm),
were synthesized by single-electron transfer living radical polymerization (SET-LRP) in THF/methanol mixed solvent. Ethyl
cellulose macro-initiators (EC-Br) for SET-LRP were synthesized by the esterification between the hydroxyl groups on EC
backbones and 2-bromoisobutyryl bromides. The degree of substitution of the EC-Br macro-initiator was tailored by varying
the feeding mole ratio of 2-bromoisobutyryl bromide to the hydroxyl group on ethyl cellulose. Three EC-Br macro-initiators
with different Br substitutions were used as the macro-initiators and it was found that the converting degree of the initiator
sites was efficient and the graft density of graft copolymer was controllable. The SET-LRP of NIPAm was efficient that the
monomer conversion was above 60% within 25 h. The linear plot of In([M]y/[M],) versus the conversion indicated that the
reaction was living and controllable. The graft copolymers were characterized by means of gel permeation chromatography
(GPC), '"H NMR and FTIR spectroscopy. GPC peak of the graft copolymer became narrower and shifted to the low elution
time with the increase of reactive time. The molecular weight of the side-chain linearly increased with the reaction time.
EC-g-PNIPAm copolymers were typical amphiphilic graft copolymers, having the hydrophobic EC backbone and the hydro-
philic PNIPAm side chains. They could be self-assembled and form stable micelles in a selective solvent, water. The micelles
were in spherical shape with typical diameter around 100 nm. Rod-like and flower shaped particles were also observed,
which was probably due to the fusion of the spherical shaped micelles. The structure of the spherical shaped micelles was that
the EC backbone collapsed to form the core of the micelles and the hydrophilic PNIPAm chains stayed in the outside of the
micelles to stabilize the micelles. Due to the thermoresponsive branch chains of PNIPAm, the micelles could shrink with
rising temperature due to the collapses of the PNIPAm side chains.

Keywords ethyl cellulose; poly(N-isopropylacrylamide); single-electron transfer living radical polymerization (SET-LRP),

graft polymerization; thermoresponsive
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Table 1 Preparation of EC-Br macro-initiators

Mole ratio” Reaction time/d DSg?
1:1 2 0.04
2:1 2 0.09
301 2 0.28
451 2 0.30
5:1 2 0.37

“ The mole ratio of 2-bromoisobutyryl bromides/hydroxyl group on the ethyl
cellulose; ? Degree of substitution of bromoisobutyryl groups, bromoisobutyryl

groups per glucose ring of cellulose.
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Figure 2 Monomer conversion vs. reaction time (a) and In([M]y/[M],)
vs. monomer conversion in THF/methanol

Reaction parameters, [M] : [Br] . [CuCl] : [Mec-TREN]=60 : 1 I 1 2;
reaction temperature of 50 C

F 2 DUEIRM/HRE(35/2, VIV SET-LRP R S8 A Ko N4 AR T il 4 1] EC-g-PNIPAm A IL R Y)
Table 2 Details of SET-LRP reaction in THF/methanol (35/2, V'/V) and the resultant EC-g-PNIPAm copolymers

DS, [M] : [1] : [Cu'] : [Mes-TREN] Time/h Conversion/% M,“/(gemol ") MM,
0.06 30:01:1:2 17 48 3.22x10° 1.7
0.28 30:1:1:1 12 15 1.60x10° 2.6
0.37 60:1:1:2 15 8.4 1.7x10° 2.4

“ GPC results of EC-g-PNIPAm copolymers.
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Figure 4 UV-Vis spectra of THF/CH;OH solutions containing
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Figure 5 GPC traces of EC-g-PNIPAm copolymer
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HATSRKMER SR N-S B IR BRI AL R, AEi FE kv
XA B R PE R L IR M Re g kA A 4 ke B
%, AT LU % EEACRSE I OR. 7K SHEET Y 3R T HE)
AN, MR T SRR N-Se RN IR IR T, 7R
(] LCST LA, nl LARAF (s fig /e K opio Rk,
K IRKAE Ay 3 5 A s ) o 46 B L SR I IR MR S
HRI O E  ECo37-g-PNIPAmys Bl LR M I I S R
WREN 1.59%10* mg/mL.

118  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

I K BCoa7-g-PNIPAm, AR W) i/ DMF
WA, ARG E K AT E TR B e RO, I
R R SR B 0.37, RN SCEEM R ST
o4 28. Kl 8 2l ML R YR IE SR E. K
AL, Z2HECHERERIIRA, FRAFRATE 100 nm; [\t
AW 5 B B IR AR 2 TR R TR o, 00 Jit R 7 7 %
TEM Ff i K 73 28R R, BRI IR AR A2 T il
S, RS KRS F T g, BB RO DL
BE R A MR IMAY %, K PEMR N-SR N
Pk e g 5 (R &5 41050 SR N S R 35 T 6 T i A LA i
FEPERIZR G W, 192 X RhERTE R L IR I O iR
P AU ). I DLS SRERAEME R ¥ ) Bl A5 L B 1)
AT A, WK 9 Fror. B 9 vI%n, 1817 CHRR )
WAR Sy 2242 (<R, >0 0 130 nm, B IRE T,
<Ry > WA . R B T B 35 C I,
<R,> FFEFIZ K 100 nm, HH <R, > 40 A%
EC-g-PNIPAm $B LI ROST Bl i A2 A A
HE T RME N-SE RN BRI R N-S N LA
975 WL Rt Jpe T B I R AR Ak (0 I SR, R T LR A
WS T AR, Sk A AR AR AR AL

it
7 & y Fa®

& :‘

5 3
. .- e
< Sy

B 8 EC,37-g-PNIPAmyg [) DMF 3 28 /KB 414 (1K A ¥ TEM

Figure 8 Typical TEM image of the micelles prepared from
ECy37-g-PNIPAmyg dialyzed against distilled water from DMF solution
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Figure 9 Typical hydrodynamic radius and its distribution of micelles
prepared from EC, 37-g-PNIPAmyg copolymers at different temperature in
aqueous solution

Data were collected at the scattering angle of 90°
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(10 mL) 78735 o, K I AS 20 s (e 28 18K h i
Hr(B R 4 754 3.5 kDa), 3% EC-g-PNIPAm IR
4.4 S5

B e A S R B R e . HERRAR I — 2
AW, N THF Fake, 1 & A A 12T AE,
PR B (P e e 28 R A — 3B /), ARG RN 7 1
4 3.5 kDa [MIENTEE, FHZEM/KENT 3 d, R )5 AR
AR, FRE, TR AR

AN 5 7 s M LA Waters B3
BOAEACNE, % Waters HPLC 515 pump; Kl
25%: Waters 2410 Refractive Index Detector; {0 % £ :
WATO044231, WAT044234, WAT044222, WAT044210;
MRS 30 °C; WishAl: THF; #iiE: 1.0 mL/min; /i
R CIRRRFER TG IE T IR L.

"H NMR & % ] Bruker 400 MHz 3L HR4%, %
#l: CDCls, PUFH LA A I Fr.

37 I FE M 2T 461 (FT-IR) ZE Brucker-Equinox 55
CEAN G FIA. B IR TS, 1E NaCl
R AR, ZUAMT T BEHE JBR 5 fE

%5 F T A (TEM) WML 4 7F Hitachi H-800 AT,
T 100 kV. #5145 FF S ul 1] EC-g- PNIPAm
FERL IR DI A W I B B LR 9, =T
155 T TEM W%,

AU (DLS) S AE ALV/SP-150 #06)
B EHEAT, BOA ALV-5000 multi-t 207 I [A]AH 5S4
ADLAS DPY 425 II [E 206 # A CUs, it D24 400
mV (A=632.8 nm). DLS SZH A1k 90°, #h% A 25
“C. K CONTIN J7¥2:45 HT o FEE AH G B 501 2 S IR R
AR T3 22248 (< Ry >) S L0 A

L UM GRS A% ] Shimadzu 1601PC 2848356 J
THIE .

(R eI BB by awan = Sl DI 1= S = 0r
JEIHHELE Cary Eclipse 266 vt . A F] EEAE A
BRSO EERER. 96 % EC-g-PNIPAm %/ pH 6.9
R4 K 433 0.15 mg/mL VAW, SR 5 Hi R 45 5
1.5x107"°~1.5x10"" mg/mL [ RIIEEW, 1. Wi+
TEREF IR A K 6,510 mol/L. M A& i K4 334 nm,
W — AR = AN I TR L S R A IR
FISCR, TGS AR % 8L Boltzmann #8145 )i 159 2.
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