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Fig. 1  Structures of PIPEMA, PPyPMA and PCI55
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[ RPN A R RPN E S N 3 Wil /AT B
1.2 KR AE

% Wi (NMR) 3% K ¢ Bruker /& & Avance 500
MHz #% i 3 i AL B3R A & 7 19 4y + & 1E
Waters 410 BEJ % 7 (4 1% (X (GPC) E il 15. %5 4
o] W 3% % 7E Perkin Elmer /3 %] Lambda 800 45 4 -
AL UG8 A b A B A BTG FE Agilent 1100 Y
4 ) A R (3% - B A SR A A e AR IARUCR
- (QCM) i 7E KSV QCM-Z500 ¢ 4% b #E47, 5
MR VEH T QCM YR LK (9 MHz) |, SR J5 K
HBA -5+ —WR W OB 24 h 1538
BEAB M 1 AR A R T X SF O HL T AE Thermo
ESCALAB250 |- 3k7%. J5i+ J1 58 (AFM) K&
TF Digital Instruments Dimension 3100 |- 3% % &
B AR AT W5 J5E B2 A Veeco 23 ] ) Dektak 150
£ B 1% (Surface Profiler) | il 45.

1.3 SSFHEN
L3.1 WP ENKRK 2-(4--2,3,5,6-0 Ji A&
S5 ) O TR (PIPEMA) #98 1

PL15.3 mmol fifk R 4 Sk 4 R ¥, s A 7.7
mmol il TL IR AR 10 mL 4 THE 18 18 3% i ) %
A 76.7 mmol Z, ) 30 mL 4 THF 0, 7% 0
56 525 013 24 h. SR G BB ER 22 TCALEL B BT AR
Ve 7 26 O ok 25 9 500 BT A 140 KL 7 ) T K RN S s
AP, W B SR 5 T2 T JC K B R B 1 R I e e 75
Wi R IR R I R 20: 1/ CH,CL, Fi i
Tt o e JT A 2 40 B, 45 B 2-(4-f-2,3,5,6-
UG AR A ) S WE (IR Y, 7= % 38% . 'H-
NMR ( CDCl,, 500 MHz, §): 4.35 (—CH,—
CH,—OH); 3.95 (—CH,—CH,—OH).

AR T R B AT ) A Y R DY AR TR S Y
THF ¥ W 2% 18 0 i 20 & A 2-(4-8-2,3,5,6-74 41
HEEAL) CBEFN = L () THF | 9K J5 i 4 e 3
12 he 3 U BR 2 8 EE R % 78 R R 20, 1 K
FNGAT A I, WS S8 05 J2 F T K A BB 1 6, i e
RS J5 LR R 7 13 2 B 1 2 R & T
R TF AL 2 BT 43 2, A5 3 P N M R 2-(4--
2,3,5,6-DU G0 K A HE) S BE, %R 73% . ' H-
NMR ( CDCL;, 500 MHz, §): 6.09 (CH, = C
(CH;)—, trans); 5.59 (CH, = C (CH;)—,
cis) ; 4.48 (—0—CH,—CH,—0—); 1.93 (CH,
= C(CH,)—). BUi% it 5 R m/z = 403.95;i
®IEHN m/z = 404.9.

# 2 mg AIBN F12.00 g H KL I R 2-(4-fit-

2,3,5,6-PUF KA K) SlEIMA S 10 mL +
THF ', Freeze-pump-thaw 3 K Bk &, 78 A AR P
TR B N 48 h. SRS I COBEUTTE 40 B, &
TS TR A5 2 Gk AR PIPEMA , 7= 382y 3
50% B34 5 F ik 2.16 x 10 (GPC). "H-NMR
(CDCl,, 500 MHz, §): 4.41 (—COO—CH,—
CH,); 4.24 (—COO—CH,—CH,); 1.85 (—
CH,—, main chain) ; 1.03, 0.88 (—C(CH,)—,
main chain) .
1.3.2 R W By Ja R 3-(3-nb BE KL ) N R
(PPYPMA) i 5 i

U TR A 1 RS P IE S THF 35
G2 B S A 3-(3-n g KL ) YRR = & Y
THF o inFAml i 52z 10 h. 3o g bR 2s 8k | e i 7%
K BRFIEA KRG 5 20, AR L o 8 1HY
WL LR LW eI RIRE JZ AT 23 85, 15 21 F 5k
P R 3-(3-mt nE 3t ) T iR, 7= A 65% . H-
NMR ( CDClL,, 500 MHz, 5):8.41, 7.47, 7.18
(pyridyl) ; 6.05 (CH, = C(CH,)—, trans); 5.52
(CH, = C (CHy )—, cs); 4.13 (—COO0—
CH,—); 2.67 (—CH,— ,pyridyl) ; 1.96 (—CH,—
CH,—CH,—); 1.90 (CH, = C(CH,)—).

# 13. 6 mg AIBN F12.79 ¢ FHE N4 R 3-(3-
ML WE B ) N I VA 7 10 mL oK THFE f, Freeze-
pump-thaw 3 YR %, 78 20O T A ER IR] 3 s b
36 h. WA B MIR A Y IE O e DiiE /0 8, =i
23 TR IR B A [ fA PPyPMA, 7= 52y 72% ,
B4y 78294 3.13 x 10°. "H-NMR ( CDCl,,
500 MHz, §):8.41, 7.45, 7.16 (pyridyl); 3.96
(—CO00—CH,—); 2.64 (—CH,—pyridyl );
1.91 (—CH,—CH,—CH,—); 1.85 (—C(CH,)

—CH,—, main chain); 1.06, 0.90 (—C (CH,)
—CH,—, main chain).
1.3.3 F:EH(PCI5S5) B A

T [ B8 i 1ok B BE TN 9 TR 2-(4-At-2,3,5,
6- U A AU ) T RN M IR 2R Bk £ TR 44 FE UK
F 1: 13 F JosKk THF, Jit A AIBN, Freeze-pump-
thaw 3 YCER A, 76 BRI F AR 137 S 48 h.
RIFHIEC R TiE D BIR G Y, =i A T8
FH OB ARILRY), 7= R ANy 54% .

FEATT T2 5 W R R L X5 R ) ) A 1 AR
SMETEHET LR Y h 2 Fh a5 H BT Y & L 15 3
L 0 R 2-(4-l-2,3,5,6-DU 9 4 4 ) Z 1K
EILRY PR SRR 55% , F L3 R Yic R
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. A LRI ER RSN T WG AR
WmERGEATZZEAE L )E B (PIPEMA/
PPYyPMA) , ,n Ny 22 J2 5 1) BUZ %L

2 #RMie

ASCH B ILRN & T RS i an i1
71N, DO AR B R B 5 AR I R R i A R
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HEZ R HJE Y DL THF 55005 o 425 175 7 i 38
IR REARAS 2 )2 B FRATTH 42 40 AT DL St 3 W 1
2 REAE TR ) e A AR & 2 R AE TR
# (1) PIPEMA/PPyPMA 22 J22 fI5¢ 14 55 A0 W WO 33
£ 233 nm {9 AT 2 PIPEMA (9 ¢ AE W2 I, 7E
263 nm {0 A PPyPMA f4 itk i 2R 4 12 0. A
1 B AT LUF B A 22 )2 502 B 5, #E 263
nm [ B (R 3% 8 R, 2R B RB S A T v S T
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AT Z A B A3 R T 2 Bl oy TR £
R X 4O Tl R 2 2N 1, BT 45
SHETFRET 0.25 eV'®.
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Fig. 2 UV-Vis absorption spectra of the ( PIPEMA/

PPyPMA) , films assembled in MEK

Dashed lines are the spectra of the films with PIPEMA as the

outmost layer, and solid lines, with PPyPMA as the outmost

layer; Inset: growth of absorbance at 263 nm as a function of

bilayer number
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Fig. 3 AFM image (10 pm x 10 pm) of a
(PIPEMA/PPyPMA ), film on a silicon slide
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Fig. 4  Desorption kinetics of a ( PIPEMA/PPyPMA ) |,
film in THF
The calculation of film loss was based on the change in the

absorbance at 263 nm.
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BT WO, 0 B A T V-8 JE i e . 2 2 R
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PIPEMA/PPyPMA Z 2 JAE THF v (1) 5 K B 232
L5 2R W R] A 56 R B, FE 2 B 20 min B AR
THF Hv iy 5 0 B 32 35 B I 22 30% , 7 32 Bk 120
min s 55 KM R R FR AR Z 6% , LI A A 1,3- 78
P LE 28 LA Hk PIPEMA/PPYPMA £ 2 AT 24 b 4
TR 1 R

2007 4F, 3K AT H PIPBA | & 4-& J 5 ik i
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Fig. 5 FTIR spectra of PIPEMA cast film (a), PPyPMA
cast film (b), PPyPMA cast film that reacted with 1,3-
dibromopropane for 120 min (c¢), ( PIPEMA/PPyPMA ),
film (d), and (PIPEMA/PPyPMA ), film that reacted with

1,3-dibromopropane for 120 min (e)
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Fig. 6 Maximum film loss of (PIPEMA/PPyPMA ), films
in THF as a function of cross-link time ( cross-link reagent:
1,3-dibromopropane )

The line through the data points serves as a guide of the

eye.
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Fig. 7 Growth of absorbance of (PCI55/PPyPMA), films as a

function of bilayer number
One film was assembled in MEK (left axis) , and the other was

assembled in THF (right axis).
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Fig. 8 Desorption kinetics of a ( PCIS5/PPyPMA ), film
in THF
The calculation of film loss was based on the change in the

absorbance at 263 nm.
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LAYER-BY-LAYER ASSEMBLY OF A HALOGEN-BONDED POLYMER
MULTILAYER FILM AND IMPROVEMENT OF ITS STABILITY

LIU Huihui, CHEN Qiuxia, ZHAO Zan, WANG Liyan

( State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012)

Abstract  Poly (2-(4-iodo-2,3,5, 6-tetrafluorophenoxy ) ethyl methacrylate) ( PIPEMA) and poly (3-(3-
pyridyl) propyl methacrylate) (PPyPMA) were designed and synthesized with iodotetrafluorophenoxy group as
halogen-bonding donor and pyridyl group as halogen-bonding acceptor. After layer-by-layer assembly and
verification with UV-Vis absorption spectroscopy, a halogen-bonded PIPEMA/PPyPMA multilayer film was
successfully assembled in acetone and methyl ethyl ketone ( MEK) , while PIPEMA and PPyPMA were not
assembled into a multilayer film in tetrahydrofuran ( THF) or chloroform. The PIPEMA/PPyPMA multilayer
film was further characterized with quartz crystal microbalance, atomic force microscope and surface profiler.
The PIPEMA/PPyPMA multilayer film assembled in MEK is stable in water with pH values between 3 and 13
because the two polymers can not be dissolved in water. In contrast, the polymer film was desorbed in THF,
chloroform and pyridine with maximum film loss greater than 97% . In order to improve the stability of a
multilayer film in organic solvents,two approaches were applied. (1) A PIPEMA/PPyPMA muliilayer film was
cross-linked with 1,3-dibromopropane. As for the cross-linked film,the maximum film loss in THF is less than
6% .(2) A copolymer bearing both hydrogen-bonding donor and halogen-bonding donor was designed and
synthesized. As for a multilayer film of the copolymer and PPyPMA |the film loss in THF decreased to 46% .

Keywords Halogen-bonding, Layer-by-layer assembly, Organic solvents, Desorption, Cross-link, Stability





