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Conclusion
Poly(N-vinylcaprolactam) with lower and hi
: ! S ac! igh molar mass has b thesized by free-
‘ dical solution pfolgmenlzanon. In aqueous solutions these water-soluble e;;‘l;Qrse:;ﬁbit )l,‘(‘lse'f
An ﬂsso?l‘ﬂﬂ()n of the polymers wnth‘PAA via hydrogen bonding results in the formation of either
_‘hydwphlllC or hydrophobic IPCs, which have pH-dependent nature.
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P'oIy(N—vin.ylcaprolaclam) (PVCL) with lower and high molar mass has been synthesized by
free-radical solution polymerization. The solution behaviour of PVCL and interpolymer complexes
with poly(acrylic acid) have been studied.

1 Introduction

The most studied synthetic responsive polymer is poly(N-isopropylacrylamide) (PNIPAm), which
indergoes a sharp coil-globule transition in water at 32°C, changing from a hydrophilic state below
ihis temperature to a hydrophobic state above it [1]. The phase transition, as shown schematically in
Fig 1, and hence the origin of the ‘smart’ behaviour, arises from the entropic gain as water
molecules associated with the side-chain isopropyl moieties are released into the bulk aqueous
phase as the temperature increases past a critical point. The temperature at which this occurs (the
Lower Critical Solution Temperature or LCST) corresponds to the region in the phase diagram at
which the enthalpic contribution of water hydrogen-bonded to the polymer chain becomes less tl}an
the entropic gain of the system as a whole and thus is llargely dependent on t}'le hydrogen-bonding
apabilities of the constituent monomer units. Accordingly, thelLCST of a given polymer can be
“tned”” as desired by variation in hydrophilic or hdeOphOblC co-monomer content: materials
based on copolymers of N-isopropylacrylamide with a wide range of phase transition temperatures

lave now been reported.
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Figure 1. Schematic of ‘smart’ polymer response with temperature.

The fact that the LCST of PNIPAm homopolymer lies close to body temperature and can be

B8 ced. bove and below 37°C by incorporation of co-monomer units renders PNIPAm-based

Materials particularly suitable for biomedical applications [2-6]. The LCST phenomenon itself is
449
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Figure 2. Structures of commonly used responsive polymer systems

PVCL is hydrophilic and water soluble at room temperature, gradually becoming
hydrophobic and insoluble from 25°C to 35°C [7].

2 Experimental Part

Materials

NVCL, HEA, poly(acrylic acid) (PAA) with weight-average molecular weight of 2, 250,
450, 750, and 1,079 kDa purchased from Aldrich Chemical Co. (Germany) and used without further
purification. 2,2’-azoisobutyronitrile (AIBN, Acros 98%). Ethanol was distilled, then refluxed over
CaO before use.

Synthesis of Linear Poly(N-vinylcaprolactam)

In order to obtain PVCL samples with different molar masses, NVCL was polymerized in
ethanol (PVCL1 and PVCL2) or in benzene (PVCL3), both using AIBN as radical initiator.
Polymerizations were conducted at 60°C, in 250 cm’® three-neck round-bottom flask in a constant
temperature bath, with a mechanical stirring rate of 300 rpm. The use of ethanol leads to transfer
reactions, which cause lower molar masses [8-9]. The reaction conditions are summarized in Table
1. After the reaction, the solution was cooled to room temperature and PVCL was precipitated in
diethyl ether (1:10). The polymer was dissolved in a mixture of acetone and water (3:7) and
precipitated again by heating the solution to 80°C. This purification was repeated twice, then the
precipitate was dried under vacuum.

Molar Mass Determination
The viscosity average molar masses (Mv), shown in Table 1, are determined from the
intrinsic viscosity employing the Mark-Houwink relation [r]]=KM" with K-0.0105 mL/g and

a—0.69. The intrinsic viscosity of the samples was measured with an Ubbelohde-Type viscosity
meter at ambient temperature using water as solvent.
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Reaction conditions for the solution pol

o Ymerizat; . Table 1.
azobls|sobulymnitrileo(rxlgﬁ-)vmy}capmlacmm B
Mass of monomer
Volum
(g) S0 of Mass of

Sample | 20 l(s)ﬁ“cm () AIBN(y TCO Time(h) My
Sample 2 20 100 0.02 70 3 40,000
Sample 3 30 0.02 70 1 64,000

100
0.02 60 8 115,000

Turbidimetric Measurements

The turbidity of polymer solutions was ;
as nvestigated wi i is -
granrophotometer (Japan) at the wavelength of 400 n "lY\llll:ahtS:x]madtzu s s vlv)acs
m,,imamed constant at 20+0.2 °C with the hel - perature of solution:

positiOHed CPS-240A (Shimadzu, Japan). p of thermo-eletrically temperature-controlled cell

Preparation of_‘ Solutions and Potentiometric Measurements
Aque\(/;EsL S(')Iu(;"or!il were prepgred by _direct dissolution of known amounts of PAA and
polymers (P ) in distilled water with overnight stirring. The pH of the solutions was adjusted by

4ddition of small amounts of 0.1 M HCl or 0.1 M NaOH and i -
Jon Meter 3345 (Jenway Ltd., UK). e e e belp ofpiEes

3 Result and Discussion

Temperature-Responsive Properties of the Synthesized poly(N-vinylcaprolactam)

The temperature-responsive behavior of water-soluble PVCL has been studied in aqueous
solution of different concentrations by measuring solution turbidity at different temperatures. Figure
3 shows the dependence of solution turbidity (D) on temperature for PVCL at different
woncentrations. At relatively low temperatures the solutions remain transparent but heating until
certain temperatures results in a phase separation and appearance of turbidity, which can be
monitored even by the naked eye.

¢ % A 4 TC

5 2
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pH of solution e of turbidity of PVCL aqueous solutions on temperature.

Figure 3. Depende
g ized PVCL with PAA :
Complex Formation of the 5 ftielz£g as a criterion for the evaluation of complexation

o iderati he critical pH values : :
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Figure 4. Turbidimetric titration of PAA solutions by PVCL solutions.

The complexation between poly(carboxylic acids) and non-ionic polymers in aqueous solutions is
significantly affected by a solution pH because only unionized bonds. Insoluble complexes are formed
under acidic conditions, when pH is below the so-called critical pH of complexation (pHeri). In the
present work, we have determined the pHerit values for PAA/PVCL complexes by measuring the
solution turbidity at different pH values and polymer concentrations (Figure 5).
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) 53 = : .
Figure 5. Dependence of turbidity of PVCL/PAA aqueous solutions on pH at different concentrations.
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