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Synthesis and Photo-responsive Self-Assembly of
Azobenzene-Containing Molecular Brushes
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Abstract Molecular brushes (MBs) are a unique type of branched macromolecules which graft polymeric chains onto a
linear polymeric backbone densely. Crowded tethered side chains generate strong steric repulsion and force the backbone to
stretch out, resulting in a persistent cylindrical shape and low density of entanglements of brushes. Owing to the unique
rheological and mechanical properties and self-assembly behaviors, MBs show a great potential in nanotechnology and surface
science. Herein, the synthesis of novel MBs of polyacrylate-g-poly(6-(4-butyl-4'-oxyazobenzene)hexylacrylate)/barbituric acid
(PA-g-PAzo/Bar) was reported, in which PAzo brushes and hydrogen-bonding barbituric acid were grafted using the combina-
tion of concurrent atom transfer radical polymerization (ATRP) and click reaction. MBs-based aggregates change from cylin-
der to compound micelle by increasing the concentration. It is interesting that morphology transitions of cylinder-to-porous
nanosheet and compound micelle-to-pearl-necklace were observed upon UV irradiation, that was ascribed to the frans-to-cis
isomerization of PAzo brushes.

Keywords azobenzene; molecular brushes; photo-responsiveness; supramolecular self-assembly
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IR .
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[poly(Br-acrylate-alkyne) (1), Scheme 1A]?4, 5| K fH%
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BN L Z B ATAY) 3 B il RN, ARk T Y
AR ECRONEE (1 701 i) 5 -G W0 R T IR IR R -g- 2R (6-(4- T
-4 FARE R IE O A IR R )/ (L b Z R [PA-g-PAzo/
Bar (4), Scheme 1B]. H i ZCR M HE B A 6 R DA
SRR m-m FEPEAE R, T DA T 2H 2 AR R ) oM HE
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Scheme 1 (A) Syntheses of poly(Br-acrylate-alkyne) (1), and (B) PA-g-PAzo/Bar (4)
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FJE — W 2.3 = i (PMDETA) A4, 1R 4L IF 4 (CuBr)
AT, BIR A ER A M FR e #2442 1) ATRP 5 &%
IR L Z R AT AW 3 (s IS, il 545 25 T
Fill 5& &) PAs-g-PAzo7/Bar( T #5 A M 'H NMR 11515 Hi
FIEA ). Hrp, K47k 7 poly(Br-acrylate-alkyne)
I SR T 075 TR T B A AR i R A DA (R T B
BRPY. SR IR B L Z B AT AE M AR 4 SOk iRE &
FRPT28) 6 FR I 2-ZE IS 1,4- IR T B OB ) 19 3
&Y S1, a5 &5 R NS B S E I RE L1k
G 82, AW S2 5ELZIR N A AR B &R I 6
PRI B L Z BR AT A4 S3.
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Figure 1 (A) 'H NMR spectrum and (B) GPC trace of
PA-g-PAzo/Bar (4) of PA-g-PAzo/Bar (4)
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1) FL GG TR NI B VA 7 R A R (MCH), il 4% 1K
FE24 0.2 mgemL ! RSP AR, BRI FE
SEEG I . W R A0 W(UV-vis) R IROE T 5T PA-g-
PAzo/Bar R HIER I ECRAAT A, 2A RPEK
365 nm 4R ANE IR AN [E I ] J5, PA-g-PAzo/Bar i
TSR b =] DL e 1, % AR R AR €8 [ T 1)
¥ ERIE 1) S N F RS A7 T 350 nm &b 448 I
£ 365 nm [P AMERUTES, 350 nm Ab & AAEER )
VAT O ot ' HER B T) ) BB I 55, 445 nm AR AR R
A W A U I ' R T ) PR B KB I 5. R 30 s SRR R
IBEIFREIRES, BB ECR trans-F1 cis- PR AR IR 3|
Pl B 2B MR R TLE 450 nm W ERES TR RIR T
FEM UV-vis i, 23820 s RIS, cis- MR E B ml 2o
JRICHONFEE B trans-F4 24, FEREZE 350 nm &b e B &
R MSC U ()3 T 1A 558, 445 nm A0 AR Z8 A TR i U 32 T
J859. PA-g-PAzo/Bar 7E 365 nm £ #6450 nm 6
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Figure 2 UV-Vis absorption spectra of PA-g-PAzo/Bar micelle
solution (0.2 mgemL !, CHCIz/MCH, V' : V=1 :0.2)

(A) Upon irradiation of 365 nm light; (B) upon irradiation of 450 nm light
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[, N T FRIRAR R B B AE e e BER, BEMASRAE
TEFR A, TR T SRR TE SR b e SV, Wil 4
Fias, FEERAMGHIIRRT, HOARR AR E AT B 2 LR
REME 4A). HEDSZEORMIBE R A A4k, 30
YIA TR AE IR I AR AL F W ARIRAS, (H2 T B L 2 iR 5
S EAE R, R IR, T2l & . HERR,
TERZ FLAKIR 4540, WKl 4C Fios. Z LIRSS #11)
TR TEM EBUR WA 4B iR, #E— 20Uk B R SR Ak
& FH VR 22 R AR R A 2 .
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HakR

B3 4 TRIESY PA-g-PAzo/Bar JRIVATE(A, B) 0.2 mge
mL T FEf L (C) 0.2 mgemL B S 7% 7 d J5FI(D) 1 mgemL ™!
FEk 1 TEM BUR; ()il & BT RRDIR R R 2 4 B R ) s 2
2

Figure 3 TEM images of PA-g-PAzo/Bar micelle solution: (A,
B) 0.2 mgemL ' micelle solution, (C) 0.2 mgemL ! micelle solu-
tion after storing 7 d, and (D) 1 mgemL ' micelle solution; (E)
Schematic illustration of the obtained cylinder and compound
micelles
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Figure 4 (A), (B) TEM images of PA-g-PAzo/Bar cylinder

micelles after UV irradiation. (C) Simplified schematic illustra-
tion of the obtained porous nanosheet after UV irradiation
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Es5 5 ThIERAEY PA-g-PAzo/Bar H & RA T EAM(A,
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Figure 5 TEM images of PA-g-PAzo/Bar compound micelles
after UV irradiation (A, B) 1 h,and (C,D)3 h
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Y PA-g-PAzo/Bar. 25 )t M ()48 208 I A0 s
BAEHM 2R, 7T R R SRR R
e N B AT . B RS YRR
4, PA-g-PAzo/Bar SREEEVR B AR IR R 7] 52 & s R %
B AERIDCBE T, REREABIRAE rans-cis 7
AR AR (R AT AR B TR Rl & T i 22 FL IR SR AR A
[FI BRE E A R RA TE 32 BRIV TR SR, 2 il
RAEY) PA-g-PAzo/Bar IRIIE L, MUEE THRER
REVMR G S5IRY, o] 42 R B 1 K D Re 44K
PORMR A 1507 L.

3 LIRS
3.1 UE5EFA

6-F2 I 2-Z5 FE (98%, TCI). 1,.4- T 5E(98%,
TCI). ELEEZFR(98%, TCI) {RILIEAH(99%, Aldrich); Fo
F 3L — 2 0% = i (PMDETA, 99%, Aldrich); PY4 Mg
(THF, AR, Adamas); N,N- . I 5 H [ i (DMF, AR, Ada-
mas); 1E 2 %E(AR, Adamas); 4 L HE(EA, AR, Ada-
mas); 7 S FBE A b BB ER AR A R A
T10024 By RFIE, iEMTAS: #H 4> T2 3500 Da, Lifg
YRR AR AR, Sei H/KChEaiK, B,

W RE 3R 53 M (Advance 400, % [E Bruker /A ).
ST AR 2T A6 18 A (Nicolet-170X, 5 [F Hy A 7).
AN TH(UV-2550, SHIMADZU A &) iB 5 Hy
T BAEL(TEM, JEM-1400 %Y, JEOL A #]). %4t LED
JT(UP114 &Y, Uvata 7)), HER EIE{(Waters 1515,
Waters A7), K Waters 2410 7 Z= 3 Y6400 28 F1
Waters 2487 £4Mall2%, H THF K REASVIRE 1
mgemL ' [RAWE, WPETROA THF, J5E 1 mLemin !,
K 26 1% 5 2R T A IR FR IR (PMIMAA) bR B X 3 =
HATRLIE.

3.2 ZWHE
32,1 6-(4-38 T AH)-2-Z F B (S1) 896 m%

FAURET, FMTER T 100 mL T =30+
I KoCOs (2.7 g, 19.5 mmol), 1,4- ¥ T k4.2 g, 19.5
mmol) I T4/ DMF (20 mL). ¥ 6-¥23E-2-Z5 FIfE(2.2
g, 13.0 mmol)¥# T 10 mL DMF, 2218 i Il 2| = A il
o, SIRBEEE 2 h, THE 70 C4kS:E 2.5 he BRSO
HEJE, PRI E/KEE 3 k(50 mLX3), 4R HAE*
(50 mLX3), RGN IECki/ 4R LBk,
Vi V=20 DEH 2.6 g 6-(4-1R T HK)-2- 25 Hfix
(S1)126301 P23 65%. m.p. 85~86 ‘C; 'H NMR (400
MHz, CD,Cly) 6: 10.09 (s, 1H), 8.29 (s, 1H), 7.90 (m, 3H),
7.25 (dt, J=5.6, 2.4 Hz, 2H), 4.18 (t, J=6.0 Hz, 2H), 3.56
(t, J=6.5 Hz, 2H), 2.02~2.20 (m, 4H).
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322 6-(4-F AT AIK)-2-A FBA(S2) 896 %

] FUE L 71 250 mL T =H0R, MA NaNs
(3.3 g, 50 mmol), L&Y S1 (2.5 g, 8.2 mmol)FIT-H )
DMF (120 mL), JHEZ 50 C, 25 48 h. 51t
AHRER, SEREITEMSEND. I SR
B 2E7K(300 mL), LR EEAH 5 (100 mL X 5), &6
/K NapSOs T4, et 133 1.6 g 6-4-BH T HIH)-2-
ZEHIEE  (S2)*BY, PR 72%. FAEA. 'TH NMR (400
MHz, CD,Cl,) : 10.10 (s, 1H), 8.29 (s, 1H), 7.90 (m, 3H),
7.26 (dt, J=5.6, 2.4 Hz, 2H), 4.17 (t, J=6.1 Hz, 2H), 3.42
(t, J=6.7 Hz, 2H), 1.76~2.03 (m, 4H)(*7E/N & Tl
KT EE2EEWNIE S, BT7E 90 CLLER Rk, &
HATHE— BRI, R ).

323 & RACLEBATA Y S3 496K

) FUELfE1-11) 250 mL 1 =H0H T, IMALED
S2 (0.8 g, 3.0 mmol), ELELZR(1.2 g, 9.3 mmol)FlT-I5:
(1) ZlE(60 mL), THEZ 80 °C, [H M 10 h. 51kmn
PIFRH R IR, SIS 2 E OUTEY), S RHR
LWEZ RS, 155 450 mg BEALE L ZBRATAED
S3*126:271 FEAL 40%. B[ A, 'H NMR (400 MHz,
ds-DMSO0) d: 11.38 (s, 1H), 11.25 (s, 1H), 8.70 (s, 1H),
8.41 (s, 1H), 8.30 (dd, J=8.9, 1.6 Hz, 1H), 7.93 (d, J=9.1
Hz, 1H), 7.83 (d, J=8.8 Hz, 1H), 7.41 (d, J=2.3 Hz, 1H),
7.24 (dd, J=8.9, 2.4 Hz, 2H), 4.18 (t, J=6.3 Hz, 2H), 3.46
(d, J=6.8 Hz, 2H), 1.76~2.03 (m, 4H); HRMS calcd for
CioH17N504 [M+H]": 380.1314, found 380.1327.

324 o FRIFA4 PA-g-PAzo/Bar #9465,

% CuBr (9 mg, 0.058 mmol)fl k4> T 5| & 7l
poly(Br-acrylate-alkyne) (8 mg, 0.029 mmol ATRP 5| /& %
(15 B 5 AT I N 318 1 T B 36 4 T Schlenk i
(SE AT =2 KBTI T, DURR B 288 1. 405 = I
HABEAREMAEER 24419 g, 436 mmol), th&
¥ S3 (56 mg, 0.15 mmol), THF (15 mL)f! DMF (3 mL).
28— IRIA VR — b 3l A e 20U A DA B 25 s R
IS, DAL/ PMDETA (15 pL, 0.058 mmol) 4T
— IRV R E - R A E B SE . KON BT R
) 80 CIMIBH INF M. 6.5 h, HH FHR R KN
=9I THF #kE, o rh LB AERR 2 CuBr, 38
WA JEAE UK ER A JN R IE S e/ BV - V=2 )it
W, RE S K, AT EHESH S TRIEEY
PA-g-PAzo/Bar (4). 'H NMR (400 MHz, CD,Cl,) J: 0.90
(CH,CH,CH,CH;, CH5CHCOy), 1.28, 1.37, 1.62 (CH»-
CH,CH,CHs, CH,CHCO,, CH,CCO,, OCH,CH,CH,CH>-
CH,CH,0), 2.30 (CH,CHCO,), 2.61 (CH,CH,CH,CH3),
3.96, 4.05 (OCH,CH,CH,CH,CH,CH,0, CH,CCO,CH,,
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CH,CCH,0CO), 6.92, 7.27, 7.76 (CeHiN2CeHs), 8.27,
8.43, 10.08 (C3sNoH,CH, CioHe); FT-IR (KBr) v: 2933,
2855, 1731, 1595, 1570, 1501, 1458, 1253 cm '; GPC:
M,=30100, b=1.27.

3.2.5 o FRIBRAMIR RIS E N &L R F AL
Az

K A R A SR B TR S
PA-g-PAzo/Bar & fARTE RIEHIE T, M E e
SR 3 mL SREYNEWE, =R NI DL
PG 1 mLeh ! ) oI BT T F R IR e, IR
HPBLEE. RN SE, FEE 2 h, (RERAYIEIRS
BRI H 2. Rl R LK E N 02 F1 1 mge
mL ' R AV R, AT R A DLE S
.

KHTREE A 129 mWeem 2 ] 365 nm AR A
450 nm FIRTIEIR, S E R 2 Il SR A 1 R I R i
T, T AV R R R B S AR B, R AR VK
KR, CREFEE SR, SRR R 8] J5, 4390 BORE il
SR FES, R TEM WER RIS, @il %
Ab=0] WGBS AT e SRV PR Y U A AT NI
BT AR i L RS AS [RI N (8], S 1 A2 A6
FE il SR AR Ak

4 BI#1 kL (Supporting Information) H[H]{A& S1~83 [
WG LR G U5 1. X 8 kL T DL A 9 A T IR il
(http://sioc-journal.cn/) I N #k.
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