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48 h
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degree of protonation .
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2D NOESY . 0
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VPH® / VPH' +

p4vp

pH VP VPH'
M, VP VPH'
Myx 1-a My, X a H*
VPH* M, M,
=Myxa+ H"
pH
- 1 "H-NMR spectra of PEG,y4-b-P4VP; in D,0 at different
2 degree of protonation
2.1 The degree of protonation of each spectrum is indicated on the left
1 PEG.. .- b-PAVP side Signal a is assigned to H, of PEG,4-b-PAVPyy; Signal b is
4 107 assigned to H,, of PEG,14-0-PAVP,g;  Signal at 8 = 4.8 is assigned 1o
1 HDO.
PEG
17 pH
H,0
2 PNIPAM;-b-PAVPy,
1 0.54 .
0.54 PNIPAM,; - 5-P4VPy
pH 4.6 PEG,,,-b-P4VP,, PAVP
p4vp 0.58
pH  4.56 0
P4VPp pP4vVp - T
0 T, T,
4VP 3
18 19 . pH Tl -
4.7  P4AVP
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degree of protonation

The degree of protonation of each spectrum is indicated on the left
side Signal a is assigned to H, of PNIPAMs;-b-P4VP,g, Signal b is
assigned to Hy of PNIPAMs;-b6-PAVPy, Signal at 6 = 4.8 is
assigned to HDO.
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- 3 The sketch map of spin-lattice relaxation time T versus

correlation time 7,
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> 2 "H-NMR spectra of PNIPAMs; - b-P4VPy in D, O at different 0.2 . , , , ,
0.0 0.2 0.4 0.6 0.8 1.0

' 4 Tyof H, a and H, b of the pyridyl and H, ¢ of the
methylene in PEG chain of the diblock copolymer PEG;4-b-P4VPy;

at different degree of protonation at 25°C

pH PEG
T,
P4VP 0.54
3.53 x
1072 mol/L.  DCI 49%
4.8 mg PEG,,-b-P4VP,, 1 mL pH
1.74 -1g 3.53x107> x0.51 =1.74
0.63
3.53 x 1077
mol/L  DCI 42 %
4.8 mg PEG,,-b-PAVP,, 1 mL pH 1.69

-lg 3.53x 1072 x0.58 =1.69

5 PNIPAMs;-b-P4VPy,
H, H,  PNIPAM
H, T . 4
0.69 T,

0.69 0.58 T,


Absent Image
File: 0

Absent Image
File: 0

Absent Image
File: 0


694

2008

T, 1/v, T,

1.7}
1.6F
1.5}
14}
13}

< 12f
1.1} o
Lo 0w o

0.9 N

i I Y SN S O

02 0.4 0.6 08 T.0

a

0——0——0—0

- 5 TiofH, a and H, b of the pyridyl and Hy of the methyl
of PNIPAM of the diblock copolymer PNIPAMs; - b-P4VPy, at different

degree of protonation at 25°C

pH PNIPAM
T,

P4AVP 0.58
PNIPAM,; - b-PAVP,,
3.53x107* mol/L.  DCI
38% 5.3 mg
PNIPAMS; - b-P4V P,
3.53%x1072x0.62 =1.66

0.69
3.53x107* mol/L.  DCl
26 % 5.3 mg
PNIPAMS; - b-P4V P, 1 mL pH 1.59 -1lg
3.53x1077x0.74 =1.59
2.2
6 a  PAVPg,-b-PEG,,
0.08 TEM 45 nm b
P4VPy, - b-PNIPAM;, 0.19 TEM

37 nm

2.3 PEG,-b-P4VP,;, PNIPAM;-b-P4VP,,
2D NMR
Overhauser NOE

1 mL pH 1.66 -lg

100 nm

|00 nm

et _

6  TEM images of PEG,14-b-PAVPy; micelles prepared with
about 92% 4VP units deprotonized a and PNIPAMs;-b-P4VPy,
micelles prepared with about 81% 4VP units deprotonized b
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7 a Contour plot of 2D 'H-'"H NOESY spectrum of the 1:1

! : V' mixture of PEG)14-b-P4VP; micelles with the degree of

protonation of 0.54 and PNIPAMs; - b-P4VP,g micelles with the degree
of protonation of 0.58 Circles indicate where cross peaks between
PEG and PNIPAM should occur in case of close proximity. b
Contour plot of 2D 'H-'"H NOESY spectrum of the 1:1 V:V
mixture of PEG;4-b-P4VP;5; micelles with the degree of protonation of
0.45 and PNIPAMs; - b-P4VPyg micelles with the degree of protonation
of 0.51
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0.5 nm : PEG,,-b-PAVP,,  PNIPAM-b-
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NMR
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0.54 0.58 NOE
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INVESTIGATION OF THE MICELLIZATION PROCESS OF DIBLOCK COPOLYMERS
CONTAINING pH SENSITIVE POLY 4-VINYLPYRIDINE BY NMR

HE Zhenping SUN Pingchuan XIONG De’an MA Rujiang LIN Hai SHI Lingi
Key Laboratory of Functional Polymer Materials ~ Ministry of Education
Institute of Polymer Chemistry ~ Nankai University —Tianjin 300071

Abstract The micellization process of poly ethylene glycol -b-poly 4-vinylpyridine — PEG,,,-b-PAVP,; and
poly N-isopropylacrylamide -b-poly 4-vinylpyridine =~ PNIPAMg;-6-P4VP,, in acidic aqueous solutions with
varying degree of protonation of PAVP was investigated by NMR. When the micelles began to form due to the
hydrophobicity of P4AVP was resulted from its deprotonated the NMR signal of pyridyl stayed unchanged. The signal
kept becoming weaker with the decrease of the degree of protonation until no NMR signal can be detected at the
point that all the 4VP unites were deprotonated. At the mean time the spin-lattice relaxation time 7, decreased
significantly when the P4VP blocks began to transfer to aggregation from their unimer state . The results indicated that
micelles of PEG,,-b-P4VP,;; were formed at the degree of protonation of 0.54 while the micelles of PNIPAM;-b-
P4VP,y, were achieved at the point of 0.58. The two-dimensional Nuclear Overhauser Effect 2D NOE  signal was
also detected when the micelle solutions made separately from PEG,,,-b-P4VP,;; at the degree of protonation of
0.54 and PNIPAMg;-b-PAVP,, at the point of 0.58 were mixed which indicated the exchanges of
macromolecules between micelles and the diblock copolymer in solution. However no corresponding 2D NOE signal
appeared while the micelle solutions were achieved at lower degree of protonation. This fact might imply the different

mobility of the P4VP blocks which formed the micelles core at different degree of protonation.
Keywords P4VP NMR Micelle





