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ABSTRACT: The aqueous solution properties of poly(N-vinyl-2-pyrrolidone) (PVP)-
denaturing agents ( i.e., thiourea, guanidinium chloride, and carbonate) were studied
by viscosity measurements. The polymer dimensions were calculated at 257C and at
previously determined theta temperatures. The unperturbed dimension parameter,
K0 , hydrodynamic expansion factor, ah , and unperturbed root-mean-square end-to-
end distance, »r 2 … 1/2

0 , have been evaluated. Viscosimetrically determined characteris-
tics (e.g., intrinsic viscosity, Huggins constants ) and the high values of ah and
»r 2 … 1/2

0 can be explained by the interaction between the polymer and denaturing
agents. q 1998 John Wiley & Sons, Inc. J Appl Polym Sci 67: 1615–1618, 1998
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INTRODUCTION the hydrodynamic characteristics (e.g., intrinsic
viscosity, unperturbed dimensions, hydrodynamic
expansion, and root-mean-square end-to-end dis-Denaturing agents are the source of potential hydro-
tance) of PVP in a dilute solution at 257C and atgen-bonding substances. The effects of denaturing
theta temperatures.agents on the molecular association of poly(eth-

ylene oxide),1 dextran,2 periodate-oxidized dex-
tran,3 PVP,4 and cloud point and theta temperatures
of PVP5 in aqueous solutions were studied pre- EXPERIMENTAL
viously. Poly(N-vinyl-2-pyrrolidone) has polar lac-
tam groups, capable of forming hydrogen-bond6,7 and The polymer sample used in this study was com-
hydrophobic methylene groups; hence, it should ex- mercial BDH PVP and has a nominal molecular
hibit different unperturbed states if the solution me- weight of 700,000. The weight-average molecular
dia are changed suitably.8 weight of the PVP sample was determined by a

In previous studies, the effect of inorganic salts light-scattering photometer in chloroform at 307C.
on the cloud points and theta temperatures,9 poly- In this study, the Brice-Phoenix light scattering
mer dimensions and thermodynamic quantities,10

photometer, 2000 Series, was used for measuring
and viscosity characteristics11 of aqueous PVP so- the Rayleigh ratios of the polymer solutions. The
lutions were reported. The aim of the present interpretation of the light-scattering data was
work was to study the denaturing agent effects on based on the Zimm method. It has a weight-aver-

age molecular weight of Mw Å 548,000 g mol01 .
The denaturing agents used, thiourea (TU)
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q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/091615-04 and guanidinium carbonate (GCO3), were ob-
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Table I Viscosity Characteristics of Poly(N-vinyl-2-pyrrolidone) Aqueous Solutions
in the Presence of Denaturing Agents

Solutions T (K) [h]H [h]K kH kK kH 0 kK

2.00M TÜ 298 0.53 0.52 1.27 0.39 0.88
320a 0.32 0.33 3.05 1.79 1.26

0.50M GCl 298 0.71 0.73 1.26 0.34 0.92
328a 0.45 0.46 1.69 0.74 0.95

0.75M GCl 298 0.69 0.70 1.47 0.47 1.00
330a 0.41 0.42 2.33 1.18 1.15

0.50M GCO3 298 0.68 0.69 1.12 0.28 0.84
336a 0.48 0.50 1.16 0.46 0.70

0.75M GCO3 298 0.65 0.67 1.27 0.39 0.88
341a 0.44 0.45 1.69 0.73 0.96

Correlation coefficients are 0.997 { 0.002, except in 0.75M GCO3, Q.
a Theta temperatures, from ref. 5.

tained from BDH, and guanidinium chloride tures5 which were evaluated as average values of
(GCl) was obtained from Riedel-de Haen AG. All the intercepts of the plots of hsp /c versus c and
the chemicals and the polymer sample were used ln hr /c versus c . Straight lines were obtained
without further purification. when the results of the specific viscosity and loga-

Viscosity measurements were made by using rithmic viscosity on polymer concentration (c ) at
an Ubbelohde capillary viscosimeter at 298 K and a particular denaturing agent concentration were
at the theta temperatures.5 Temperatures were plotted according to the Huggins and Kraemer
controlled within a range of {0.027C and flow equations. The dimension of [h] is a measure of
times were measured with an accuracy of {0.1 s. the effective hydrodynamic volume of the polmer
Deionized and twice-distilled water was used for in solution. The constants kH and kK are the Hug-
the preparation of PVP-denaturing agent solu- gins and Kraemer slope coefficients. Table I gives
tions. The concentration dependence of the viscos- the kH and kK obtained from slopes and intrinsic
ity of dilute polymer solutions (0.40–0.25 g dL01) viscosities [h] from intercepts where c Å 0. As can
is described by the well-known Huggins equation: be seen from Table I, an agreement is observed

between the [h] values calculated from the Hug-
hsp /c Å [h] / kH[h]2c gins and Kraemer equations.

The Huggins constant is a measure of the poly-
and the Kraemer equation: mer–solvent interaction and it is about 0.35 in

good solvents. However, in some polymer–solvent
ln hr /c Å [h] 0 kK[h]2c systems, higher values have been observed and

this was interpreted to be due to molecular associ-
ation.2,12,13 The molecular association of PVP in

RESULTS AND DISCUSSION aqueous solutions and the effects of some denatur-
ing agents were discussed previously.4 The high

Viscosity Characteristics kH values found for aqueous solutions of PVP may
be a result of the interactions of lactam groups of[h]Q Å K0M1/2 (1)
the polymer with water molecules/ionic species11

or hydrogen-bond acceptor–donor denaturingis the form of the Kuhn–Mark–Houwink–Sakur-
agents in solution by hydrogen bonding.ada equation

The value of kH 0 kK Å 0.94 { 0.6 is higher
than the expected value of 0.5. Sakai14 reported[h] Å KMa (2)
that since nonpolar polymer–solvent combina-
tions should lie between 0.5–0.7 under theta con-where [h] and [h]Q are the intrinsic viscosities

determined at 257C and at the theta tempera- ditions kH may also be influenced by the aggrega-
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Table II Hydrodynamic Characteristics oftion of the polymer segments in a solution. Most
Poly(N-vinyl-2-pyrrolidone) Aqueous Solutionsof the kH values found in this study were higher
in the Presence of Denaturing Agentsthan the predicted range of 0.5–0.7, and kH 0 kK

values were found to be 1.00 { 0.3 (Table I) . The
KU 1 104 »r2…1/2

o 1 106

high values of kH for some polymer–solvent sys-
Solution (dL g mol g) ah (cm)tems (under theta conditions) were discussed in

a previous study.11 If the [h] and kH values are 2.00M TU 4.30 1.19 4.12
reconsidered, in contrast to this increase of kH 0.50M GCl 6.07 1.16 4.62
0 kK in the presence of denaturing agents in aque- 0.75M GCl 5.50 1.20 4.47
ous solutions, the value of [h] is decreased. This 0.50M GCO3 6.32 1.13 4.68

0.75M GCO3 5.93 1.15 4.58point shows mainly that, with an increasing de-
gree of hydrophobic interactions of polymer seg-
ments, the contraction of the polymer coil occurs
in solution. in 0.55M Na2SO4 (U Å 303 K), K0 Å 5.8 1 1004

dL g01 8 PVP/aqueous salt solutions (at theta
temperatures), K0 Å 5.1 1 1004 dL g01 ({0.5

Polymer Dimensions 1 1004) ,10 and PVP in a urea–hydroquinone sys-
tem, K0 Å 5.2 1 1004 dL g01 .20

In eq. (1), K0 is the unperturbed dimension pa- The hydrodynamic expansion factor, ah , mea-
rameter, independent of solvent, temperature, sures the intensity of the thermodynamic interac-
and molecular weight and can be calculated by tion and it has been calculated by using the defi-
extrapolation methods.15 In the theory of Flory nition
and Fox16 and Kurata et al.,17,18 the intrinsic vis-
cosity [h] is related to K0 , the molecular weight

a3
h Å [h] / [h]Q (7)M , and the hydrodynamic expansion factor ah by

There is a slight variation in the ah values (1.17
[h] Å K0M1/2ah (3) { 0.3) in PVP aqueous denaturing agent solu-

tions. However, the ah values for the system ofand
PVP–denaturing agent aqueous solutions are

[h] Å F( »r2 …0 /M )3/2M1/2a3
h (4) rather high compared to those in a PVP–aqueous

salt solution system (1.03 { 0.03).10 Similarly,
the calculated values of the root-mean-squarewhere F is a universal constant, which was taken
end-to-end distances (Table II) of the PVP–dena-as 2.51 1021, and »r2 …1/2

0 denotes the unperturbed
turing agent system, »r2 …1/2

0 Å 4.41 1006 cm ({0.3root-mean-square end-to-end distance. 1 1006) , are higher than those of the PVP–saltThe information on unperturbed dimensions,
solution system, »r2 …1/2

0 Å 1.65 1 1006 cm ({0.4starting from the viscosity results, was also given 1 1006) .10

by the Stockmayer–Fixman equation19

As mentioned previously, denaturing agents
are the source of potential hydrogen bonding
where amino groups interact with the lactam[h]M01/2 Å K0 / 0.51BFM1/2 (5)
group of the polymer for hydrogen bonding. On
the other hand, at the theta point or unperturbed

where state, segmental interactions become attractive,
leading to the contraction of the polymer coil. If
these two types of interactions are compared, theK0 Å [h]QM1/2 (6)
long-range interactions prohibit the predomi-
nancy of the short-range interactions, thus caus-
ing the ah and »r2 …1/2

0 increment for the system ofThe unperturbed dimension parameter values
for PVP in a water/denaturing agent system (at aqueous PVP solutions in the presence of denatur-

ing agents.theta temperature) are given in Table II. The de-
termined values, K0Å 5.31 1 1004 dL g01 ({1.031 Actually, this result is expected, especially

when an PVP–inorganic salt solution and a PVP–1 1004) , are in agreement with the values of PVP
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