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Abstract : A series of pH/temperature sensitive polymers were synthesized by copolymerizing N-isopro-
pyl acrylamide(NIPAAm) and acrylic acid(AAc). The influence of polyelectrolyte between poly(allyl
amine)(PAA) and poly(L-lysine}(PLL) on the lower critical solution temperature(LCST) of pH/temperature
sensitive polymer was compared in the range of pH 2~12. The LCST of PNIPAAm/water in aqueous
poly(NIPAAm-co-AAc) solution was determined by cloud point measurements. A polyelectrolyte complex
was prepared by mixing poly(NIPAAm-co-AAc) with poly(allyl amine)(PAA) or poly(L-lysine)(PLL) solu-
tions as anionic and cationic polyelectrolytes, respectively. The effect of polyelectrolyte complex formation
on the conformation of PLL was studied as a function of temperature by means of circular dichroism{CD).
The cloud points of PNIPAAm in the aqueous copolymers solutions were strongly affected by pH, the
presence of polyelectrolyte solute, AAc content, and charge density. The polyelectrolyte complex was
formed at neutral condition. The influence of more hydrophobic PLL as a polyelectrolyte on the cloud
point of PNIPAAm in the aqueous copolymer solution was stronger than that of poly(allyl amine)(PAA).
Although polymer-polymer complex was formed between poly(NIPAAmeo-AAc) and PLL, the conforma-
tional change of PLL did not occur due to steric hinderance of bulky N-isopropyl groups of PNIPAAm.

Introduction

Most of the intelligent polymers studied previ-
ously are responsive to only one kind of stimulus™*
But for some applications, independent response
to several factors, such as temperature and pH,
may be required.’ These temperature and pH-sen-
sitive polymers which contain both temperature
and pH-sensitive components undergo marked
solubility changes in water in response to tempera-
ture and pH changes.®’

Poly(N-isopropy! acrylamide)(PNIPAAm) is the
most popular polymer among the temperature
sensitive polymers since it exhibits a sharp lower
critical solution temperature(LCST) close to 32 °C
in water.®® Poly(acrylic acid)(PAAc) is one of the
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pH-sensitive polymers that contains ionizable
groups. PAAc can lead to pH-dependent phase
transition.

Poly(N-isopropyl acrylamide-co-acrylic acid)[poly
(NIPAAm-co-AAc)] bearing weakly acidic pendent
groups is an anionic polyelectrolyte. When this
copolymer is mixed with a cationic polyelectrolyte
solution, a polyelectrolyte complex is formed
through ionic interaction between two oppositely
charged polyelectrolytes. Therefore, the LCST of
PNIPAAm incorporated with acrylic acid is
affected by polyelectrolyte complex according to
the various pH values.

In a previous study,”® we reported the influence
of polyelectrolyte complex formation between poly-
(acrylic acid)(PAAc) and poly(allyl amine)(PAA)
on the LCST of PNIPAAm/water in poly(NIPAAm-
co-AAc). From the results of this study, the LCST
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of PNIPAAm in poly{NIPAAm-co-AAc) solution
with PAA increased with pH value and appeared
above the pK, value of PAAc, which was not
observed in the absence of PAA. But, it was lower
than that of PNIPAAm in the absence of PAA due
to the polyelectrolyte complex formation. Also, it
decreased with an increase of AAc content in the
copolymer below the pK, value of PAAc whereas
it increased with AAc content in the copolymer
above the pK, value of PAAc.

As another cationic polyelectrolyte solute, poly-
(L-lysine)(PLL) is a polypeptide with basic side
groups and takes random coil and a-helical con-
formations at pHs below and above 9.5 related its
pKs value, respectively." The length of alkyl side
chain of PLL is much longer than that of PAA.
Therefore, it is interesting to study the effect of
hydrophobicity of alkyl groups of PLL on the
phase transition temperature of PNIPAAm in
poly(NIPAAm-co-AAc) compared with PAA. The
objective of this work was to study the influence
of poly(L-lysine)(PLL) on the LCST of PNIPAAmM
in aqueous poly(NIPAAm-co-AAc) solution and
the effect of more hydrophobic side chain of PLL
upon the polyelectrolyte complex formation in
comparison with the case of PAA. Furthermore,
circular dichroic studies have been made on the
conformational change of PLL by the formation
of polyelectrolyte complex with poly(NIPAAm-co-
AAc).

Experimental

Materials. N-isopropyl acrylamide(NIPAAm,
Polysciences Inc.} was recrystallized in n-hexane.
Acrylic acid(AAc, Junsei Chem. Co.) was purified
by distillation at 40 °C/26 mmHg. N,N'-azobis-
isobutyronitrile(AIBN, Tokyo Kasei Koygo Co.)
was purified in methanol. 1,4-Dioxane(Duksan
Co.) was purified by distillation.

Poly(L-lysine)(PLL, Aldrich, M.W. 65,000), so-
dium hydroxide standard solution(Katayama
Chem.), hydrochloric acid standard solution
(Katayama Chem.) and poly(acrylic acid)(PAAc
Aldrich, M.W. ca. 250000) were used as recieved.

Synthesis of Poly(NIPAAm-co-AAc). Syn-
thesis of linear poly(NIPAAm-co-AAc), containing
0, 10, 20, 30, 40, 50 mol% of AAc, was carried
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Table I. The Feed Composition of Poly(NIPAAm- co-

AAc)
a NIPAAm AAc AIBN® Dioxane
Code
(@ (mL) (@ (mL)
Poly(NIPAAm) 1.00 0.00 4.30x10° 2.90
Poly -3
(NIPAAm-co-AAc 10) 090 0.06 4.40x10° 2.80
Poly 3
NPAAmcoac2p) 080 012 450x10° 270
Poly 3
INIPAAm o AAc30) 070 018 450x10° 2.58
Poly 3
(NIPAAm-co-AAc 40) 0.60 0.24 440x10° 247
Poly 3
NPAAT coancsp) 050 030 430x10° 237
“mol% of AAc aganist NIPAAm.

® AIBN as an initiator(0.3 mol%. of monomers).
‘Dioxane as a solvent(25 wt% of monomers).

out in 1,4-dioxane(25 wt%) with AIBN as an
initiator(0.3 mol% of monomers). Feed composi-
tion is listed in Table I. Dried nitrogen was bub-
bled through the solution for 20 min prior to
polymerization. After polymerization at 70°C for
5 hr, the mixtures were dissolved in methanol and
precipitated in diethy! ether. The precipitates were
filtered and washed with acetone and deionized
water to remove the unreacted monomers and
homopolymer, respectively. Then, the precipitates
were washed again with acetone to substitute
water and dried in vacuum desiccator for 2 days.

Preparation of Polyelectrolyte Complex.
1.7x10" unit mol/L of poly(NIPAAm-co-AAc)
solution, containing 0, 10, 20, 30, 40, 50 mol%
of AAc, and 4.2x10" unit mol/L of PLL solution
were prepared by dissolving polymers in distilled
water, respectively. Before mixing two solutions,
the pH of each solution was adjusted identically
with HCI or NaOH standard solution in the range
of 2~12. To each copolymer solution, PLL solu-
tion was added with stirring. Each concentration
of poly(NIPAAm-co-AAc) and PLL was 4.2x10?
unit mol/L and 1.1x10™ unit mol/L, respectively,
after mixing.

Cloud Point Temperature Determination.
The turbidity of solutions was determined by
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measuring the absorbance at 450 nm of each of
the solutions prepared above using Hewlett-Pack-
ard 8452A Diode Array UV/VIS spectrophotome-
ter with HP89090A Peltier Temperature Control
Accessory. The temperature of the solutions was
raised from 15 to 70 °C in 2 °C increments every
10 min. The absorbance was normalized against
the absorbance of the polymer solution at temper-
ature where precipitation started to take place.
The cloud point temperature was defined as the
temperature at the inflection point in the absorb-
ance versus temperature curve and the cloud
point of solution which dose not exhibit inflection
point was determined at 10% absorbance in the
curve.”

Titrations. Titrations of the poly(NIPAAm-co-
AAc) were performed as follows. 100 mg of each
linear copolymer was dissolved in 25 mL of 0.1 M
NaCl. In order to increase the solubility of the
polymers during the titrations, back titrations were
performed on ionized polymers. The polymers
were fully ionized by adding 2~6 mL of 0.1 N
NaOH. Titrations were performed at 20°C by
adding 0.1 N HCl in small quantities and measur-
ing the pH after a stable value has been reached.
The temperature was kept constant{+ 0.3 °C) for
30 min before and during each titration using a
waterbath.”

Circular Dichroism Measurement. Aque-
ous solutions of 8.0x10* unit mol/L of PLL and
8.0x10™ .unit mol/L of poly(NIPAAm-co-AAc)
solution, which had been adjusted by HCl and
NaOH standard solution to have the same pH,
were mixed by dropwise addition of the poly-
(NIPAAm-co-AAc) solution into the PLL solution
with stirring. Each concentration of poly(NIPAAm
-co-AAc) and PLL was 4.0x10* unit mol/L after
mixing. The mixed solutions of PLL and PAAc
were prepared by the same method.

Circular dichroism(CD) spectra of the mixed
solutions in thermostated quartz cell were
recorded at a path length of 1.0 cm using JASCO
J-500A Circular Dichroism Spectropolarimater
with JEIO TECH RBC-31 REEF. Bath Circulator.

Results and Discussion

Effect of Polyelectrolyte. Poly(NIPAAm-co-
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Table 1I. Monomer Ratios in Linear Poly(NIPAAm-
co-AAc) Compared to Monomer Feed Ratios

Comonomer AAC Feed Copolymer AAC Feed

Molar Composition Molar Composition %

Conversion

(mol%) (mol%)
0 0 84.5
10 13.8 29.6
20 218 585
30 329 89.7
40 358 819
50 45.8 79.9
1.2
DH =20
.__AE‘O
=41
= 5.0
% 6.3
e

Absorbance at 450 nm

10 20 30 40 50 60 70
Temperature (°C)

Figure 1. The absorbance of aqueous poly{NIPAAm-co-
AAc-30) solution against pH as a function of tempera-
ture.

AAc)s were prepared from comonomer feed com-
positions ranging from 0 to 50 mol%. The copoly-
mer compositions determined from back titration
method are given in Table II. The differences
between the AAc content in the copolymers and
the feed compositions were less than 6 mol%.
Figure 1 illustrates absorbance at 450 nm ver-
sus temperature for 4.2x10? unit mol/L of poly-
(NIPAAm-co-AAc-30) solution according to the
various pH wvalues. Distinct cloud points were
observed at pH 2.0~4.1 and change of absorb-
ance against temperature became small with an
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Interaction between Poly(L-lysine) and Poly(N-isopropy| acrylamide-co-acrylic acid) in Aqueous Solution

12
] =
PH 5 20
14 pH_i_4.1
€ pH_§_4.9
S o8 Prias!
o U H = 12.2
s P
0 o>
-
© m
© 064
[$]
[
©
0
]
2 041
Ke]
<
0.2
o——.—M ——

0 20 30 40 50 60 70
Temperature ("C)

Figure 2. The absorbance of aqueous poly(NIPAAm-co-
AAc-30) solution with PLL against pH as a function of
temperature.

increase of pH. Particularly, drastic change of
absorbance of the solution versus temperature
was observed around pH 4.3~4.7, which is
related to the pK, value of PAAc."* Cloud points
of PNIPAAm in poly(NIPAAm-co-AAc-30), which
are defined as the transition point of absorbance
versus temperature, were 26.5, 27.5 and 39.0°C
for the pH value of 2.0, 3.0 and 4.1, respectively.
From these results, it was found that the cloud
point of PNIPAAm in the poly(NIPAAm-co-AAc-
30) solution decreased in the nonionized state of
PAAc whereas it increased in the partially ionized
state of PAAc in comparison with the cloud point
of PNIPAAm itself, 31~33°C.*° It is thought that
the cloud point of PNIPAAm decreases owing to
inter- or intra-hydrogen bonding between amide
group of PNIPAAm and carboxylic acid group of
PAAc below pK, value of PAAc. Above the pK.
value of PAAc, the cloud point of PNIPAAm in
the poly(NIPAAm-co-AAc-30} solution was not
observed up to 70 °C, since carboxylic acid group
of PAAc was completely ionized and resulted in
electrostatic repulsion of ionized groups of PAAc.
Figure 2 illustrates absorbance at 450 nm ver-
sus temperature for 4.2x10? unit mol/L of aque-
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ous poly(NIPAAm-co-AAc-30) solution according
to the various pH values in the presence of PLL
as a polyelectrolyte solute. Distinct cloud points
were observed at all pHs studied. Drastic change
of absorbance of the solution against temperature
was observed even above the pK, value of PAAc
in the presence of PLL. The cloud point of
PNIPAAm in poly(NIPAAm-co-AAc-30) solution
in the presence of PLL was 25.0, 31.0, 37.5 and
39.0 °C for the pH value of 2.0, 4.1, 4.9 and 6.1,
respectively. From these results, it was found that
the cloud point increased with pH value because
the degree of ionization of carboxylic acid groups
increased with pH. Also, it was found that the
¢loud point of PNIPAAm in the solution appeared
above the pK, value of PAAc, which was not
observed in the absence of PLL. The cloud point
of PNIPAAm in the copolymer solution in the
presence of PLL decreased due to the polyelec-
trolyte complex formation between carboxylic
acid group of PAAc and amine group of PLL, in-
dicating that dehydration occurred around
PNIPAAm. At pH value of 7.0, the cloud point of
PNIPAAm in the solution was not observed due
to the insoluble polyelectrolyte complex forma-
tion between them, indicating compact form of
the complex structure. Also, drastic change of
absorbance of the solution against temperature
was observed at the pH value of 12.2, which is
above the pK, value of PLL. This phenomenon is
not a result by polyelectrolyte complex formation
but the conformational transition of PLL itself by
heating. It was already reported that PLL under-
goes a conformational transition from the a-helix
to both the random coil and B-form by heating
above pH 11, the latter partly giving rise to pre-
cipitation.15

Effect of AAc Content in Poly(NIPAAm-co
-AAc). Figure 3 exhibits the cloud point temper-
atures of PNIPAAm against AAc mol% in the
poly(NIPAAm-co-AAc) copolymer solutions accord-
ing to the pH values. It was found that the cloud
point temperatures of PNIPAAm in the copoly-
mers were affected by pH and AAc content in the
copolymer. The cloud point temperatures of
PNIPAAmM in the solution decreased with an
increase of AAc content in the copolymer around
pH value of 2.0~3.0 because more hydrogen
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Figure 3. The plot of cloud point of aqueous poly-

(NIPAAm-co-AAc) solution against content of AAc as a
function of pH.

| »,...m]ill!ﬂ!l\llIIIIlNli!!!3}FiilHHll7I!Hflllli!ﬂ"!?ﬁlm

Cloud point

20

30 40

50

AAc content( mol%)
Figure 4. The plot of cloud point of aqueous poly-

(NIPAAm-co-AAc) solution with PLL against content of
AAc as a function of pH.

bonding between amide group of PNIPAAm and
carboxylic acid one of PAAc occurrs with an
increase of AAc content in the copolymer. The
hydrogen bonding interferes with the access of
water molecules to the NIPAAm amide groups.?
On the other hand, the cloud point temperatures
of PNIPAAm in the solution increased with AAc
content in the copolymer around pH value of 4.0
because of increased hydrophilicity with an
increase of ionized AAc components.

In Figure 4, the cloud point temperatures of

30

PNIPAAm in the presence of PLL according to the
various pH values are plotted against AAc mol%
in the poly(NIPAAm-co-AAc) copolymer solution.
Not much differences in cloud point temperatures
of PNIPAAm between the copolymer solutions
without PLL and those with PLL was found
around pH value of 2.0 due to the hydrogen
bonding between PNIPAAm and PAAc. However,
at arround pH value of 4.0, the cloud point tem-
perature of PNIPAAm in the poly(NIPAAm-<co-
AAc) with PLL decreased with an increasing AAc
content in the copolymer whereas those of
PNIPAAm in the solution without PLL. increased
with AAc content in the copolymer. This phenom-
enon can be explained as follows: When the
copolymer of NIPAAm containing partially ion-
ized AAc is intermacromolecularly complexed
with an oppositely ionized PLL, the cloud point
temperature of PNIPAAm is affected by the den-
sity of complexing points.'® The density of com-
plexing points on poly(NIPAAm-co-AAc) increases
with AAc content in the copolymer because the
complexing points are a carboxylic acid group of
AAc in the copolymer and amine group of PLL.
An increase of the density of complexing points
make form more polyelectrolyte complex between
partially ionized PAAc and PLL. This may lead to
a decreased cloud point temperature due to the

" reduced accessibility and mobility of water sur-

rounding the copolymer and dehydra‘ion of the
copolymer chain by polyelectrolyte complex for-
mation. Therfore, the cloud point temperature of
PNIPAAm in the poly(NIPAAm-co-AAc) with PLL
decreased with an increasing AAc content in the
copolymer. On the other hand, the cloud points
of PNIPAAm in the copolymer solutions with PLL
did not show obvious tendency against AAc con-
tent around pH value of 5.0~6.0. This is sup-
posed as follows: With increasing pH or AAc
content, the -COO™ groups in the copolymer chain
increase. The presence of -COO groups in the
polymer chain increases its rigidity because of
electrostatic interchain repulsions and makes diffi-
cult the efficient polyelectrolyte complex forma-
tion between the -COQO™ group of copolymer and
-NH;"* one of PLL." But, the formation of poly-
electrolyte complex is not hindered completely
because a long side chain of PLL makes easily the

Korea Polym. J., Vol. 8, No. 1, 2000
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Table II1. The Cloud Points of Aqueous Poly(NIPAAm- c¢-AAc) Solutions with PAA or PLL Against Content of

AAc as a Function of pH
AAc Content (mol%)
pH Solute
10 30 40 50
none 31.5°C 29.5°C 26.5°C 23.5°C 20.5°C
2 PAA 30.5°C 29.0°C 24.5°C 225°C 185°C
PLL 31.5°C 28.5'C 25.0°C 215°C 18.5°C
none 345°C 355°C 39.0°C 51.5°C *
4 PAA 31.0°C 30.0°C 29.5°C 31.0°C 35.0°C
PLL 33.0°C 31.5°C 31.0°C 26.5°C 245°C
none 445°C * * *
5 PAA 33.0°C 345°C 37.0°C 50.0 °C 54.0°C
PLL 35.0°C 370°C 375°C 365°C 345°C
none * * * *
6 PAA *E 375°C 46.0°C 56.5°C *
PLL 38.5°C 385°C 39.0°C 38.0°C .
none * * % *
12 PAA * * % *
PLL * £ * £ 3

* The CP was not observed up to 70 °C.

** The CP was not measured due to the occurrence of precipitate.

approach of -NH;* group to the -COO™ one.
Hence, we guess that a clear tendency on the
cloud points of PNIPAAm according to AAc con-
tent is not appeared due to the balance of hydro-
philicity of -COO™ groups not participated in the
polymer complex formation and hydrophobicity
of alky! side chain of PLL participated in the poly-
mer complex formation.

Effect of Hydrophobicity. Table [l summa-
rizes the effect of hydrophobic side chain of PLL
on -the cloud point of PNIPAAm in the poly-
{NIPAAm-co-AAc) as compared with PAA in the
range of pH 2~12. The influence of PLL on the
cloud point of PNIPAAm in the poly(NIPAAm-co-
AAc) was much stronger than that of PAA above
20~30 mol% of AAc content. It is thought that as
the side chain length increases from G, for PAA to
C, for PLL, the hydrophobicity of polyelectrolyte
complex increases, indicating that much stronger
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dehydration occurs around PNIPAAm. That is,
the -(CHg)s group for PLL is more hydrophobic
than -CH; for PAA, contributing to an increased
hydrophobicity of copolymer chain and subse-
quently to the stabilization of the formed inter-
polymer aggregate by a synergistic hydrophobic
effect.

Effect of Polymer Complex on Conforma-
tion of PLL. As is well known, PLL takes a-heli-
cal conformation at pHs above 9.5 but exits in an
irregular random coil form at pHs below 9.5, in
which the flexible backbone undergoes continu-
ous change as a result of thermal motion. This is
because at pHs below pK, the all amine groups of
PLL have a positive charge and repel each other
so strongly that they overcome the tendency for
intrachain hydrogen bonds to form. Ellipticity [6]
at 222 nm is frequently used to estimate the a-
helical content, because [6]222 wm in deg.cm’ - dmol™
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Figure 5. The circular dichroim spectra of aqueous PLL/
PAAc solution against temperature as a function of wave-
length at pH 6.

is nearly zero for the random coil and -4x 10" for
the a-helical conformation, respectively. It is also
known that PLL undergoes a conformational
transition from the a-helical to B-form above
50 °C in aqueous solution.”® It is worthy to exam-
ine the temperature dependence of the conforma-
tion of PLL in the polyelectrolyte complex with
poly(NIPAAm-co-AAc) as a function of pH.

Figure 5 exhibits the CD spectra of the PLL/
PAAc mixture with equimolar amounts of the L-
lysyl group(LL) and the carboxyl group(AAc) in
aqueous solutions of various temperatures at pH
6. It was found that ellipticities at 222 nm were
large negative values at all temperatures, indicat-
ing the conformational change of PLL from ran-
dom-coil to a-helix. It is thought that the positive
charges on PLL are blocked by negative charges
on PAAc through the polymer-polymer complex
and then the intrachain hydrogen bonds are
formed. It was also found that [0]x: increased
from -2.20x 10" to -1.36x 10" deg.cm” - dmol” with
increasing temperature, the apparent helicity being
calculated as 55 and 34%, respectively. This
decrease in the helicity may be due to possible
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Figure 6. The circular dichroim spectra of aqueous PLL/
poly(NIPAAmM-co-AAc-50) solution against temperature
as a function of wavelength at pH 6.

dissociation of the complex.

Figure 6 shows the CD spectra of the PLL/
poly(NIPAAm-co-AAc-50) mixture with equimolar
amounts of the L-lysyl group(LL) and the car-
boxyl group(AAc) in aqueous solutions of various
temperatures at pH 6. In the case of PLL/poly-
(NIPAAm-co-AAc-50), the random-coil conforma-
tion of PLL did not essentially change at all tem-
peratures. It is thought that bulky N-isopropyl
groups of PNIPAAm bound in PLL through ionic
polymer-polymer interaction inhibit the intrachain
hydrogen bonding due to steric hinderance. Ellip-
ticity at 222 nm changed from a small positive
value(ca. 750) to a negative one(ca. -750) with
increasing temperature, probably due to the for-
mation of a trace of the B-structure.'

In conclusion, the cloud points of PNIPAAm in
aqueous poly(NIPAAm-co-AAc) solution were
strongly influenced by the pH, AAc content and
the type of polyelectrolyte solute. Polyelectrolyte
complex in the poly(NIPAAm-co-AAc) system
with PLL was formed in neutral condition. The
influence of PLL on the LCST of PNIPAAm in the
poly(NIPAAm-co-AAc) was much stronger than

Korea Polym. J., Vol. 8, No. 1, 2000
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that of PAA above 20~ 30 mol% of AAc content
due to hydrophobicity of side alkyl chain of PLL.
Although polymer-polymer complex was formed
between poly(NIPAAm-co-AAc) and PLL, the
conformational change of PLL did not occur due
to steric hinderance of bulky N-isopropyl groups
of PNIPAAm.

Acknowledgements. This work was sup-
ported by Dongguk University.

References

(1) Y. H. Bae, T. Okano, and S. W. Kim, J. Polym. Sci.,
Polym. Phys., 28, 923 (1990).

(2) 1. C. Kwon, Y. H. Bae, T. Okano, and S. W. Kim,].
Controlled Release, 17, 149 (1991).

(3) J. Ricka and T. Tanaka, Macromolecules, 17, 2916
(1984).

(4) H. Feil, Y. H. Bae, J. Feijen, and S. W. Kim, Makro-
mol. Chem., Rapid Commun., 14, 243 (1988).

(5) L. C. Dong and A. S. Hoffman, J. Controlled
Release, 15, 141 (1991).

(6) T. K. Park and A. S. Hoffman, J. Appl. Polym. Sci.,
46, 659 (1992).

Korea Polym. J., Vol. 8, No. 1, 2000

(7) C. S. Brazel and N. A. Peppas, J. Controlled
Release, 39, 57 (1996).
(8) H. G. Schild, Prog. Polym. Sci., Pergamon Press,
1992, Vol. 17, pp 163.
(9) Y. H. Bae, T. Okano, Y. Sakurai, and S. W. Kim.
Pharam. Res., 8, 624 (1991).
(10} M. K. Yoo, C. S. Cho, Y. M. Lee, and Y. K. Sung
Polymer, 38, 2759 (1997).
(11) G. Holzworth and P. Doty, J. Am. Chem. Soc., 87,
218 (1965).
(12) G. Chen and A. S. Hoffman, Nature, 373- 5, 49
(1995).
(13) H. Feil, Y. H. Bae, J. Feijen, and S. W. Kim, Macro-
molecule, 26, 2496 (1993).
(14) A. B. Zezin and V. A. Kargin, Vysokomol. Soyed.,
Al4, 772(1972).
(15) C. S. Cho, T. Komoto, A. Nakagami, and T. Kawai,
Makromol. Chem., 180, 1951 (1979).
(16) H. Feil, Y. H. Bae, J. Feijen, and S. W. Kim,Makro-
mol. Chem., Rapid Commun., 14, 465 (1993).
(17) G. Bokias, G. Stakikos, I. lliopoulos, and R. Aude-
bert, Macromolecule, 27, 427 (1994).
(18) B. Davidson and G. D. Fasman, Biochemistry, 6,
1616 (1967).

33



