510 #] r% ﬁ:}’ ,jr ?" Tﬁ No. 10
2013 4E 10 A

ACTA POLYMERICA SINICA

ZRBREIK ST W TR Z 0% TR K R R Y
RESHMEREITAH

Tk & & B-F LEEAT O 4 A BT

(BT RS IREMELTMENLRE LR TR S TSR BN 310027)

B OE W TR RO T EE B T R K M S AR SR £ ik (Fe-BPEL) |, 1T 8 2SO U | 15
B B0 MR e AR AT 5 T KB P R T R RAE S S5 M S AR T . B T W UIE T R L IR X R
RO T EA R 35 B R AR AT RO . DTS5 SRR WY, — sk ek A0 2R 03 S M 7 RT3 S 348 O, LB
3R DN LN P73 D a1 2 o 7 10 e o A s L N w5
P45 Fo-BPET ¥ W% B2 1 35 1 0 (HUR % 0K 2R 10 22 03 R0 ) 24 W00 30 A Re AE . X AR R AT 32 488 T -3 O 70 B 44
b BRI 25 T IR AL B 1 Fe-BPET & 2 26 B W1 4 K, HL 3% 08 Bl AR08 25 o B0 Jon i 52 i o /1. 3 A IR
ARG SRR XA R L T AL AR R T8R4 & 7 AR S R LN, RRZTHAFHT 20T
[ 45 5 AR ) PEL K Or T, 77 A T 28 B 2 8540 1 K 2> T RS54 . 2 Ab BB Fe-BPEL 7 i 2 9L 2 25 i 39 1)

Oct. , 2013

AR BRGR e vR JEE V B DT RE T B AR

KRR TR OIEWRE, GRS, WAETT R, ME1EN

B 7K A B P A o A e TR R T B
BN EE 51N 55 B 7K ik DA BRI AT 2P Y 5 i
Tt AL A 15 43 A B FL/N G5 R 5T R S 1Y
MU SE A RAE T, LK 25 DR i K A T R 2B R
Oy FRREE B ISy T W /B 53 T (8] 4 A, 5% i A4
RIREAEM GRS AT N R BF 5 45
FHT, JEAT B K P Y B R A T N 2L A R4
1) i Be 2 WP A v ) R 8 R 5 I I T v, AR T
A B S 1 R A P

R 4% W 1 ( polyethylene imine, PEI) j& — #f
TKIE PRI BE R 3 1, 43 14 vl A7 R 6 10 4 e A
iR B AT CAn i 1 iz ), 5 5 90 4B L S U i
SER RS T e S A R v B S AR 20
M (BPET) B 521k B8 5 MI% B 26 1 58 & 0 30 i
(LPED) , g B AL 5 AR IR FE S 12 - 20 C DLR
(T o= =35 3T, = —50 CTEIF)" 1)
PEI7E W T HA B S EEBIE S ). RO
P JH B 3X SRR A2 B T G T, H ot R AT AR
WAl BT R AR B TR W 4
B YR T A B Ak 5 e R

LIS 2 R A A Kim " 4 PR
] e D 1 DU e % PEL 3647 557K b, BF 58 T 7
W) () % Y 3 T AR WA 25 s Lee ' SR T B
PRWI RS 42 K B 2 4 W e (BCD-PEL) 5 %8 2 12
(NAA) (RO e, FBF5E T pHL {8 % 1808 1B B 25
543 6] #4101 FH 7 (9 52 0 5 Nomura 7 4R B 58 T
P Ik B K B B 2 0 30 i ( T-PEI) % 8 12 9
e AL 49 K UKL F 43 AT R B9 8% 1 5 Merchant™”
ST pH /NG T FLA TR RS I X e ik i K
B P 5 2, W i (Fe-BPEL) B FL T~ 4% 326 15 39 5
Y QA

NH N~ NH>
N N H
*%\/N\/\E/\/N\/\N/\/Nv\}**
HoN- NN NH,

Fig. 1 Structure of PEI

CA BT a R R, T ek (Fe) Bfy
F7 AR GRIE A RUREE R AR E AR R AR

*2013-04-07 W Hi, 2013-05-16 & i B &K AR B4 (45 S1173157) i de gy e AR AR 55 S T 0% & (B H 5

2013QNA4048) ¥ BhIi H .

wx 3l THIEK &2 A, E-mail ; shangguan@ zju. edu. cn; zhengqiang@ zju. edu. cn

doi:10.3724/SP. J. 1105. 2013. 13124



10 3] T U A - TR AR K SR S AR SR 2 S e K VR SR AR A 5 R AR AT 1351

fE S DA R A T BE R T ek
PR B T B9 S AR IR A AT S B S AT 1) SR K -
Bk AR Tsuchiya ™ 45 B AR 2L v R 4256
TSR L A B K R K R A RS T S Rk
I PR B K VRN L ok, T4 Y 5
TSR OIE RIS B IR R G, KL
3 2 AR AR AR IR A AT DA R R RS
B IRING 0 2 G, IE I 52 % AR R 0 T AR R E
T T R M A A ) A% SRR | 2 W R R B R I AR A R
1 BT 28 5 TH B A R A FE A E

LT A B 5 B 22 O T ) R ARk AR A A IR
AW, % T Fe-BPEL 4% Bf {22 4 38V it M 3k
AT R ERZ RGEH) T . B, A SCHil £ T Fe-
BPEL, i £ 2l & 6 #0053 28 M3, DA 5% HR i T
TEW W TR F 858 5B EAT, WK E R
BE B YR X R Ak ol SR W R R T
RS WA R R .

1 LIGER4

1.1 EM5iH

B 2B W (BPEL, M, ca. 10000, M ca.
25000, 1A B, f e . BURE LE SR 1 1.2 0.76,
Aldrich,99% ), — % % B ¥ ( Fc-CHO, Aldrich,
98% ), E k8N (NaBH, , [E 255 141 ,96% ) , oK
HBE (CH,OH, [ 25 % 1, 99.5% ), /A% & B
(CDCl, , Aldrich,99.99% ).
1.2 BZBIRNMESEMRIE

TE B IS 58 oKr 0. 8638 ¢ BPEIL # T 30 mL
B ), BEFE IR B A 3 mL &4 0.3742 ¢
(1.75 mmol) Fe-CHO [ H FEVEW. WA FE 2 h
Jei BRI HR TEAT VK T 28 TR A o 21 0 19 5 Y
{6 3 E A ARG A 0. 0663 g( 1. 75 mmol) §l &
FRahE £ 1 b, N 45 o5 28 ik bR KR R bk
W R, B COBEAEIBOR SN Y. N8R B ) s
TRV T RE 7oK 78 OG5 N AT 2 A
(BT , i Jm 2048 R T 1§43 51 Fe-BPEI =4

LI CDCl, AEF, K A Brock Advance DMX
500 Pt  H-NMR 3% (P& 2(b) ). 5 A fife o 1) 32 22
il 6=3.9~4.3(a),8=3.3~3.7(b,
€),8=2.5~2.9(d). SR b R
S35 5 0 W e BR 43 H R LU AR, W LATH AR
52 P J5 7 4 10 7K 3k T 0 B 2k 129% (%
H5RMERW) , 50 F s R —2.

A S ?

fe

J/©
(\N ~—b (\N/\/NH2

H
{/vN\/\N AN N/\/Nv\} "
f H
PN
H 1
Fe

<

B — Fc-BPEI

R

8 6 4 2 0

Fig. 2 Structure of BPEI modified with ferrocene ( ferrocene
carboxaldehyde) ( A) and its 'H-NMR ( CDCl; ) spectrum
(B)

1.3 BAEEmRGE

R R TR Fe-BPEL A L BN T L8 1
K, BERLHR S 20 wi%e T i A7 V. HG vk 32 1Y
KIEW R Z R AR 3. A W R &
FE R 7 B AL B [R] I 3 02 O B H Y.
48 h FRHEAT IR, OGO MR S i R 20
wt% FRRAF VR 2 M R A T A R it 2 A 0 3K
A LA 0. 45 pm GLALUE RS BEAT 3 Wi BB AL B, 2o U
S B R T ORI R ot v A 38 28 DY R
[ i e O 2 BV R O XU, B AR ) A 2 7R
DIREE T AT
1.4 SEESRA

% F BI200SM Y& 411% ( & E Brookhaven 2%
CIDRIV NGRSk 3E % SRl TRk WIS
L, WOE MK 636 nmHe-Ne 30OG, HUH M h
90°, MM 1T BE 20 °C. 3l 285 0 B £l ok F X 4%
H %7 B9 Biew32 24 F Y 9kdlsw Ak FH.
L5 @it

RN 3 45 i B e B it A2 A (AR-G2, & [H
TA AW]) %4 Fe-BPEL W 1) i 28 15 vk 18 H



1352 B

2 e 2013 4

M e H (4 2°, B A% 40 mm) ,7F 20 C FiEfrEa
AL

2 HR5IE

2.1 KBFHBTAH

B3 45 H T WS R 0. 005 wi% ) BPEI &5 Fe-
BPEI /K Wl i Koy F ik J1 2% A2 (2R,) . H
TR W, R R R 2 AR 3 2 g oy
A, FEEE X B B4 - AR S AR R AT
H,BPEL ) i fA J1 22 4229 4 6 nm, # 35" H-
NMR 45 (9 32 87 2 0] 3158t Fe-BPEIL K4+ 1
B FH T 4 7 0 249 R 15000, H 4 G AR 7 2%
HARZ K 30 nm.

1001 _ 1 BPEI-0.005 wt%
7 Fc-BPEI-0.005 wt%
7
7
80+ %
é
2z oo} g
g o
5 o
£ 40} é
o
20+ g
»
10° 10! 102 10°

Diameter (nm)

Fig. 3  Distribution of diameter ( histogram ) and fitting
curve ( solid line ) for BPEI and Fc-BPEI in solutions at
0. 005 wt%

B 4 450 T He R} 5 wi% i BPEI Fil Fe-BPEI
KWKo FIRAR T HRE . RS
wt% [f) BPEL {5 i -3 R 42 29 7 10 nm , 5 B
34, BT BPEL ¥ i ik B C 35 21 15 fioh v B IX 35
CRPfR Z 2 B Sl 4l i R 26 B WA Ak, 298 4% ~
5% Z.[8)) , KA+ % i IR ST 19 5068 ) £ 4 4
I ,BPEL 43 ¥ [8] j= A= sh 2 4% i, i DLS ] 3 25 S
HAELE R K T 3000 7 RSP B 40 45 2 4 T Fe-
BPEI ¥ W, HoRi 42 5 B 5 59 X 0& 43 45, 7€ 353 nm

b M ER I, X B 5 wi% [ Fe-BPEI /K ¥ i
T SR IR T 0 B KA R A T B A IR
g T BRI 4G o, F 3 DLS RLAE AN
ERTES: NS I ol

100} [—\ 1 BPEIL-5 wt%
sob [ ]
B 601
£ 40l
N
ol
l()o 10! 102 103
Diameter (nm)
100} b Fc-BPEI-5 wit%
///g
80+ %
%
%
2 60 Z
= 40 Z
o
20 Z
%

0
10° 10" 10° 10°
Diameter (nm)

Fig. 4 Distribution of diameter ( histogram) and fitting curve
(‘solid line) for BPEI (a) and Fc-BPEI in solution at
5 wt% (b)

K5 450 TR EE R Fe-BPEL % 1) TEM
KM%, w1 TRk BPEL /K %5 W0 R WLEE 21 (1
B PRI 1 TEM R v B IR (k5o — sk
FHA. S (a) ML, B S (b) H i ek R
B EHE R (29 50 nm) , £ TR ERSL A R B
N T e N TR I A Sl B ol 21 [ e o NI
R AL ZEAE A JE B Y BPET F2 B h 4 H
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Fig. 6 Sketch of hydrophobic association of Fc-BPEI in aqueous solution
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MICROSTRUCTURE AND RHEOLOGICAL BEHAVIOR OF
FERROCENE-MODIFIED BRANCHED
POLY(ETHYLENE IMINE) IN AQUEOUS SOLUTIONS

Shu-jing Luo, Lei Jin, Yi-xin Sun, Yong-gang Shangguan, Jian Ji, Qiang Zheng
(Key Laboratory of Macromolecular Synthesis and Functionalization, Ministry of Education

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract Microstructure and rheological properties of ferrocene modified branched poly ( ethylene imine ) ( Fe-
BPEI) in aqueous solutions were investigated through dynamic light scattering, transmission electron
microscopy (TEM) and rheometry. The influences of shear, concentration and temperature on microstructure
and rheological behavior of Fc-BPEI aqueous solutions were also explored. Compared with pure BPEI, the
molecule size of Fc-BPEI obviously increases. It is found that the dominate association in aqueous solutions
transfers from intramolecular to intermolecular association with the increase of concentration and intermolecular
associations are formed ,inducing a considerable increase in viscosity of Fe-BPEI aqueous solutions. However,
these Fe-BPEI aqueous solutions represent a typical rheological behavior of Newtonian fluid. After undergoing
continuous heating-cooling treatments, the viscosities of Fc-BPEI aqueous solutions increase significantly.
Furthermore, the increment of viscosity gradually decreases as the heating-cooling treatment repeats. The
dynamic rheological results indicate that heating-cooling treatment could lead to the changes in macromolecular
association and resulting microstructure of polymers. Some Fc-BPEI macromolecules could simultaneously
participate in multiple intermolecular association structures and consequently a large structure of macroscopic
network-like forms. Fc-BPEI aqueous solutions present obvious shear-thinning due to the occurrence of
associative network after thermal treatments and anti-shear ability of high concentration solutions of Fc-BPEI
remarkably improves.

Keywords Branched poly( ethylene imine) , Hydrophobic modification, Rheological behavior, Association



