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Scheme 1 Reversible hydrophobic/hydrophilic transition of PMMA-b-HPG modified Au surface under UV-Vis irradiation
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fE. WOREE 1 R, RATF R EY o i =5
KBS RS Y BT &R, A WL T, 4

P HPG B 5, 228K B fE 5 /MG T, PMMA-

b-HPG 71 5 Wy i 5, 2 3R 1 9 PMMA B 5
JEE7R B K . i R R w0 R PR, AT
75 B WG4 W] 8 A A B, ST X
<G 2 THI 2 L /K P 9 3 252 m] 003 7Y

1 KBS

1.1 ER5RA

4 K H i (Aldrich, 96% ) , fdf F i 28 73 1 i
T 5 W 75 R B-FF M KE (B-CD, TCI, >
95% ) Al HET K 45 & 2 K5 T 1% 18-7-6
(Acros, 99% ); & fb # ( KH, Acros, 25 ~ 35
W% ), 7% VU SR PR T S B A TR 4R
B AR (Acros, 97% ) ;4-5H-4-( (+ Zhe i
bt 5L W Bk ) B ke L) I R ( Sigma-Aldrich,
97% ) ;3--1-5 i (Acros, 97% ) ; N,N'-— 3
ek — W e (DCC, Acros, 99% ) ;4-— 53 H: iy ug
(DMAP, Acros, 99% ); i & — % T I§ ( AIBN,
Acros, 98% ) ; H1 KL TN 46 B2 H T (MMA, [5] 24 4%

KH/18-C-6

A ~on

VL, Al ) A e s 28 18 5 v, V- F i
iz (DMF, Acros, 99.8% , Extra Dry) ; FH & ([E 24
W, el fdf A A 22 8 el s S e
(DCM, 2541, srHraf) , i a7 1085 1 1
J& Il 3 s A A R 24 M B 24 4 AT O R
il H.
1.2 CD-g-HPG HI& R

ZRALR EZARE A% BB
IR o &I, K F T 45 ) 8 5 J1 38 2 304k
AW Tk (ROMBP) & A (n &l 1 iR ). HoAk
BTTEGR TRy 100 mL g AR, B G
JIiHE B0 ZEH O AERHEE B B A
T8 U TR I T KO  , DUJ R BR 23 P Y 4
SRR G ARG B T A T B4 L R A 50
mL T4 DMF ,8-CD(0.4 g,0.35 mmol) ,18-7&-
6(0.66 g,2.5 mmol). FF5E &Mt )a, Il A KH
(0. 11g,2. 8 mmol) , Jf-5& ZUEFE 1 h. Fifi J=5 K5 I &2
Th2 80 C, HI i 13 5 A2 212 0 i (0. 3 mL/h)
A5 K H M AR (3.2 g, 41 mmol) i AN 58 J5 4k LE7E
80 °C [ i 24 h. S 45 oI5, B it i N F-E 46
B FR e A 2 =R G RN Y B A
BT AT (G 7018 2000) 78 L8 1K P iE
Br 3 K, LABR 25 2R SO i SR, BRRRS A el k. A
J& , 375 A 42 v 1 0 RIE T A5 B 9R €0 A A
(2.5 g,/ %K 63% ).
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Fig. 1  Synthesis of CD-g-HPG

1.3 PMMA-AZO Y&
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WARA-MERN AN (2) 5 A MEKEBE

() RAFT BE 54 8257 (CTA-AZO) (945 b5 (3) CTA-
AZO P W NG TR TR 9 RAFT R4
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Fig. 2 Synthesis of PMMA-AZO
L3 1 3-BNEEA-ME RN G Je B 25 SR 9 v i) s R 22 8 DCU. S J 4 ¥ 511 e

1 250 mL (& JiE B P im A 100 mL N, N-—
FY PR Bt iz ( DMIF) |, B J5 AU 4528 i A 208
(4 ¢,20 mmol ) 3-JR-1-FJ ¥ (3. 34 g,24 mmol ) ,
TooK i W 41 (4. 14 ¢, 30 mmol) , B £ T ¥ i,
75 CRNE8 h. ¥ XA FE R, B K, AT #
WOR A HURKKH] 1 mol/L R 12 A6 A2 #1 /K
V. o3 WS A HLAR I JC K B IR B T 4 L 3 OE L e T
JE A5 3 [ A 3 fE A (V(CHLCL) s V(EA)
=6:1, R =0.27) fali , 4R 7 W) iV W, Jie 115
B EE K45 ¢, KA 0% ).
1.3.2 S A MAKRE RN 0 RAFT 8 5 %
(CTA-AZO) & 1

B 250 mLL A S R b B, A g ) 1
LB A ZEE O MR E R E MRS —E A
L IF BT ORE RS | LUBR 2508 4 19 7K 23 78 IR

SUE RN OLR, ST T 802, A 4T FE 4

(8 ik B o 6 At o R ) o 6 6 ) TR (5. 43
g, 14 mmol ), 3-32 N & 4 & 2K (1.79 ¢g,7
mmol ) ,DCC (2. 88 g, 14 mmol) , DMAP (0.35 ¢,
2.8 mmol) ARG B HEH O HZ=—H AR
3 WA, HTES AR A 120 mL S ke, EIR T
SR 12 he SR S5 IR, 3o IR 25 B A i B
CHER (DCU) 4R 5 i 75 e 4, 53 8, &2 3 Ik

Z5 T, A5 2 B0 [ A N B 6 A O e M AT 4R A
(V(CH,CL,) : V(hexane) =1:2) IS5 7 ) 5 W ke
TR B AWK (3.5 g, 77HRL80% ).
1.3.3 CTA-AZO &7 B L7545 8 B BE i) RAFT
e

B4 10 mL Schlenk Jfi, 1) Hpoin AR 77
PPEF, U KRB S, m A AIBN(11. 2 mg,0. 07
mmol ) , 5 5% # #| CTA-AZO (77.4 mg, 0.123
mmol) , HI# A ZE & O F i H 2 -@ A3 KBS
JHYE 3t &% 75 A WA MMA {4k (617 mg, 6. 16
mmol ) Y JE7K 4 (0. 7 mL) |, IR HIV& VR -4l
FLA—il BRI G 0 I ik i — L B LR R
A R E T E 70 °C, JW AR 2R3 A B
B, 2918 h J5 FRCAE K 3T i G , 78 Sl 22
PV i B WV R e T, /D B D A R A
J&  7E 20 fE IR TR ¥ B OUE 3 WK, BR ik I
N AR BE AL ) KN o - R A5 B0 AR
FLzs HEAR R 50 °C T4 24 b, Fe 277 )k B0 [ AR
PMMA-AZO (460 mg, ;=344 63% ).
1.4 SREER"EE-BIU"EFTREEY
PMMA-b-HPG

BREE SRR (DRSS R ) BT R
2 cm x2 em W, SR 5 16 TR R UE W (V (98%
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BRfR): V(30 wi% A /K) =70:30) iz i 30
min. K 6 1 2 BE RN B 7K 20 Bk, DA IR
KM B, b5, w2 A0 & R mm T+,
PRAF7E 05 9 35 57 1L A 45 . L PMMA-AZO
(49.4 mg,0.01 mmol) FI CD-g-HPG (54.1 mg,
0.01 mmol) & F4ii A THHHEF 135 H A 10 mL
FE S B S A 5 mL DMF. £ 52 2 v 5, 1)
HAffinA 0.5 mL f#B2lK , 5% ZU46EFF 30 min J5,
PV A 450 nm A HLAHDE Sk 23 38, DLBR LW
O TN ) N ) s o U < B <l L I M
PMMA-AZO Fl CD-g-HPG {J ¥ # & (V (DMF) :
V(H,0) =10: 1) (RT3 88 75 (o & R 7% ) 15
min J5, 4K 222012 h. SR 54 4 R B, ] gl
KR e, LABR LB e R T R A Y. i
Je PR 40 UK 4 32 0 B K R, B A B #E 4> 1
4% PMMA-b-HPG 2i P 1 4 3R 1A

1.5 ZN-AKXBTEREFRKETHAR

KBRS FREYWSEN S & TR,
I i K (W 4 R W), BT AT (365
nm,8 W) £3L T BUR 12 h J5 , I 4ligk S 52 ik
AT . AR S e A AR R T K AR TR T
g R AT

W EREE S ER WO T ENRE THA
CD-g-HPG Wy B W H (50 mg/mL) (V(DMF): V
(H,0) =10: 1), # & 12 h, ¥ & F B, g
KBS e I e A AR T TR TR h R AE
1.6 HWERE
1.6.1 #ridLyR (NMR)

"H-NMR 1% 3§ i Varian Mercury Plus 400
(400 MHz) 7€ 25 CF #4700, B F AR50 o
#FK(D,0, 6§ =4.70) AR AL & 5 (CDCL,, & =
7.26) , 04 WL RE (TMS) Jy N bR, — 4 ¥ 1 (2D
NOESY i) J& % 55 B /K Lt ) PMMA-AZO 5 CD-g-
HPG %7€ DMSO-d,/D,0 iR & F v (10: 1, V/
V) ,7F Bruker AVANCEIIT 400 MHz # #EAY I ic 5
(), 52 56 3 300 K.

1.6.2  EEREE IS (GPC)

WA PMMA-AZO % Waters 1515 %R {0,
AN, LA DY A Wk g A 3 S AH Ui 3% 1.0 mL/min B}
A5 R [ 6 8 it 2. P 2 1k SR PR R 9 44 2 1Y T
PrRifEth 2 1B J5 15 B Hr 7 & Mooy F oA
4% CD-g-HPG J& i i TSK HLC-8320GPC il 15
Hoor 8 Koy ¥ o A IR O 40 °C L LU
A LiBr iy N, N'-Z H 5L Wk e o 3 3l A, O

0.6 mL/min, 5255 45 5 1] 2k 1 58 WP 2 9 4 12 HY iR
b il 2 b 5 -
1.6.3 X G 7 RETE (XPS)

3@ it Kratos Axis Ulra”™ 8 ( H A& 15 #-
Kratos ) 3t 1% 1 >R £, 70 #7 &% 8 50 hybrid
magnification, §F £& Ji & B {0 fk Al Ka (1486.6
eV) . DN, A5 00 45 55 4 7 2R TS 90° £y TR
LRI AE N 160 eV, FFPER PR 75 Wi A 3% %
LTI AE N 40 eV, BFL PRI F R 150 W. il i 4
B Au 4f 16 (84.1 eV F188.1 eV) X JL K RE & L
AT IE.

1.6.4 4Zfilfs (CA)

i# 37 Contact Angle System OCA 20 ( f& [#
DataPhysics ) 75 % iff T P45 . 4 Ul &2 Fir 1 7K i 24
M3 plL.

2 BR5UE

2.1 CD-g-HPG Hy&1E
& 3 & CD-g-HPG ) #% fik &35 Al GPC 2%
M CD-g-HPG iy #% G A 3% b ol LUE ), fk 2= 60 7%
4.9 ~5.1 KK L1 S0 F 15 51%,8 =
3.0 ~4.0 AFMINE 2 ~6 551 L it 71 HPG -3
R R R F R b BT A5 5 . AR FE ARy T AR, O
SR 2w A 387 A U CD-g-HPG
R G BE
(B -6A)/5
A/7

Hrp A B 4y SRR G R 1 5 00 T 15
BT ALR 6 =3. 0 ~4. 0 [X [f] Py {5 B il FL 4y
mAR. &bt &, & W CD-g-HPG 1) R & & DP
=58, 4y it H5410. \NGPCZE R v LLFE
GPC bk iy £ J2 AR 4 1) SR 6 136 W] 7 49y AR 40 4
GPC 45 5 I £k 1 PMMA #5 5%€ , CD-g-HPG () 4 %}
g3 JBiE ok 3300, 53 F 434N 1. 3. GPC 45 1A
Wit 25 A AT, X BB W AT A B CD-
g-HPG J& 8 AL 25 4 1, FL A T 24 2 4% LU [ 43
TR AW E /N, B DL AR B e ) b 2
REWEK. ARG Wit Zebr g 45 R 5
Fe sz B /. T LA, CD-g-HPG (143 1 LA 1 45
TN
2.2 PMMA-AZO B R1E

[l 4 J& PMMA-AZO £ Jilt i v ] 7 4y o 2%
FEMIAZ R LA K PMMA-AZO [y GPC Z5 5. W& 4
TRl DU L AZ REWE XA VAR BOJC 22 0 , Ui b

Dp
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Fig. 3 (a)'H-NMR spectrum (D,0, 298 K) and (b) GPC trace (THF) of CD-g-HPG

b e f OH
cpcl; ., <:> /_{_ @ _@_O/\/\O \H/S\/\H’

d N
b e b
C a
f g

CDCl;
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JLJLJ J'vdl\,
D
C —@— @J
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S Retention time (min)

Fig. 4 'H-NMR spectra of 4-(3-hydroxypropyloxy ) -azobenzene (A), CTA-AZO (B) and PMMA-AZO (C) at 300 K; (D) GPC

curve of PMMA-AZO

L 7 0 4. AR (1 204 1 8 F 0 TG AR 5 F O pp - B3

PN TR P TS B0 G PP A4 4 AIE 8 T AR, i PMIMAA-AZO A/4

(% B 0 T L R LR R R s AT AL B A BIRER PMMA-AZO Bl S0 AL i
BE B ARE LR AR B T PMMA-AZO BB =T.8 A& =3.5 ~3. 8 2 [A] B I A e i B

(B ARk 41,40 T 5k 4700 Bt HBERE 535 (03 (GPC) X Ho g 15 F oy 1 i
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I IEAT T FAHE. PMMA-AZO B B fa] 4 9k 26 1 N
A ) A0 UL RA W) Al A IR R Y. GPC 45
HZM: PMMA bR J5 , FLAHXT 43 3 & 4700,
GrF8 4534 (PDI) 2 1.09. GPC 45 3 5 w45 W)
LB T REA Y PMMA-AZO 1 RLII5 AL
2.3 BHFEAY PMMA-b-HPG HIR1E
#5124 % PMMA-b-HPG Xt 4 3% 1 if
M, B 57 EiE W CD-g-HPG 5 PMMA-AZO
A DA 2 TR /UK 22 8] Y 3 R AR

S 5 5 R G ¥ PMMA-b-HPG. [KIH , 4 55 8 /R
i) CD-g-HPG il PMMA-AZO ¥ F 5 A& — 1 3L
AT E K IR & %50 b (V(DMSO-dg) : V(D,0)
=10: 1) ,JF A H 2D-NOESY {55 WKl 5 1 a]
VLE B, PRMIRS B 7K N 1 1 B (H3&HS ) 515 A
I BT 22 (8] B A O AE S 0 (I oy
HEARVE) ,UE] T MIA S A R Z R A4 T £
FRE G W LU T SR E Y PMMA-
b-HPG Y IE HY..

5 4 3 2
0

Fig. 5 2D-NOESY spectrum of PMMA-AZO and CD-g-HPG in mixed solvents ( V(DMSO-dg): V(D,0) =10:1) at 300 K

2.4 £REESEEBS FREY PMMA-b-HPG
HIRAE
XFTE#R 4> T B &% PMMA-b-HPG ¥ W =

i B B R AT O T RERE (XPS) 20 #r, A IA

6 AT LAE Y, K H C .0 NS Au LR 4L,
WHEROES ARG i TAEBDTRE
P W IR n G R R i R Lk e
It LAy B S 1) 3% 1 4 3R 5 4 T LA 22 W AN 3 T

Ols

a

—

400

405 395
, , , 170 165 160 155
1200 1000 800 600 400 200 0
Binding energy (eV)

Fig. 6 XPS spectrum of Au surface modified by supramolecular PMMA-6-HPG (90°) (Insets (a) and
(b) are the magnified signals of N1s and S2p, respectively. )
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XPS 452 Wos A AR B iR AR5, DLV 2
TERAEVE LRI EAE T &R0 2 Rt R
M5 H B S, 2 W T & B R T A R T A
PMMA-AZO & ¥+, & B AR D I 9 CD-g-HPG
R B AR R LAY S AR AT T
L6800 R K5 5 0 L BLAE 162 eV BT, X 2
S— AufH Y RRAE i 20 HE— B E S T R AR
i 1 A S B B A B R AT Y.

P 7 2 MR AGE 7 T R A W E B K%

2 ' 6=73°

il A . ML T Fpoal DL o i 3R T A K 3 Ml
Fioh T30, ROR B W I A 3R R K fik AR A
63° , B Ml i B <5 2 11 5% 2% K P BB Wi i 2 K 1R
A BT R TR T RS YR & R
Ja & = a AR S M B9 B K B9 PMMA B B HE A
TENZ KB HPG i B 23 HE A 76 4 1w i b
JZ AR MR K MRS 5. X Bt — DR T a3k
LR T #5rT RA Y PMMA-b-HPG.

' 0=63°

Fig. 7 Water-contact angle images of Au surface before (a) and after (b) modification

2.5 ZN-ARAXBTESREERKERNEST

AT L A8 SRR I — ol LA T i S5 A AR 1Y)
HBE ST, STEEINCR T kA S, iR
A A R M=, 76 AT UL RETR , SCAT R pig =k &
2 R 2 T RSO, B AR T DL S
R & EHRIBNIE B A, i A R A
RRET P, A0l IR £ 5 R ORRG 18 2
Z 8] 32 5 PRI 4 FH B 3R, 3T 51 R 4 1
A Y PMMA-b-HPG (R 5. [ 8 &AM IS
SR FWM X G FRERE. WNE 8 AT LIEH,
JeIJE & £ WA EH C 0 N S Au T E 4K
(), UL 4 RIEADR A R AW HE 5 &l 524G IR
Je TR it i 8 4l K wh ko, BT LB T R B
B AR 4 6T, 1 HL S MR 5 0 BLAE 162 eV
BT, W E B T R A el T S—Au BEHE R AE 4
T 28 LTk RIDCIRA SRR A Y S5 &
T AR S—Au 8, RE W0 LI =
B A% g i o 2 A 4 G T

Ivi) B Xof 28 47 6 R 114 4 3 1 0 A 7 422 ko 00
K. AnE 9 (a) FIrs , 28 40 6 MRS 4 2% 1 1Y 422 il £
i 63°748 2 91°, W 4 3R 1 1 S5 /K AR T BiK. i
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Fig. 8 XPS spectrum of Au surface after UV irradiation (90°)
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An Amphiphilic Linear-hyperbranched Supramolecular Block Copolymer
and Its Application in Rendering Phototuning Wettability to Gold Surface

Wen-feng Jiang, Jian-xin Chen, Song-tui Yu, Yong-feng Zhou" , De-yue Yan
( College of Chemistry and Chemical Engineering , Shanghai Jiao Tong University , Shanghai 200240 )

Abstract  Herein, the synthesis of an a-w, “linear-hyperbranched” supramolecular block copolymer was
reported. First, a linear polymer PMMA-AZO composed of poly ( methyl methacrylate) with an azobenzene
group at the end was synthesized via reversible addition-fragmentation chain transfer ( RAFT) polymerization.
Secondly, a hyperbranched polymer CD-g-HPG composed of hyperbranched polyglycerol with a B-cyclodextrin
group at the focal point was synthesized by ring-opening multibranching polymerization ( ROMBP). Then, the
linear PMMA-AZO and hyperbranched CD-g-HPG were conjugated together through the specific CD/AZO
host-guest interactions, leading to the formation of amphiphilic linear-hyperbranched supramolecular block
copolymer PMMA-b-HPG. The supramolecular polymer of PMMA-b-HPG can be grafted onto gold surface to
form self-assembled monolayer through S—Au bond generated from the a end of trithiocarbonate group,which
is introduced into PMMA-AZO by chain transfer agent used in RAFT polymerization. As a result, the modified
surface exhibits a hydrophilic feature. When exposed to UV light , however, the hydrophilic CD-g-HPG polymers
are dropped off from the surface because of the dissociation of AZO/CD complex ,and then the surface turns
into hydrophobic. Further immersing the gold surface into CD-g-HPG solution, a hydrophilic surface can be
restored. In this way, a modified gold surface which can be tuned reversibly between hydrophilic and
hydrophobic under light stimuli was prepared.

Keywords  Supramolecular block copolymers, Linear-hyperbranched, Host-guest interactions, Surface

modification, Hydrophilic-hydrophobic transition
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