
Polymer Bulletin 5, 413-416 (1981) Polymer Bulletin 
�9 Springer-Verlag 1981 

Physico-Chemical Studies of Polymedc Carders 
1. Hydrolysis and Fractionation of Copolymer of N-Vinylpyrrolidone 
and Maleic Anhydride 

Ir:va Cs~kv~d, M6da Azori and Ferenc T0d~s 1 

Central Research Institute for Chemistry of the Hungarian Academy of Sciences, 
P.O.Box 17, 1525 Budapest, Hungary 

1 EOtvOs Lbr~nd University, Department of Chemical Technology, Muzeum krt. 6-8, 
1088 Budapest, Hungary and 

Central Research Institute for Chemistry of the Hungarian Academy of Sciences, 
P.O. Box 17, 1525 Budapest, Budapest, Hungary 

SUI~ARY 

Fractionation procedure on copolymer of N-vinylpyrrolidone 
and maleic anhydride has been elaborated using water/acetone 
solvent/nonsolvent system. Viscosity and molecular weight meas-- 
urements of the fractions were carried out in acidic aqueous 
medium at 25 ~ The relationship between the intrinsic visco- 
sity and the molecular mass [~]c = K'Ma was obtained at pH =2.1. 

INTRODUCTION 

The aim of our present work was to prepare and characterize 
a polymeric carrier for drugs and other biologically active com- 
pounds. As a model system an alternating copolymer of N-vinyl- 
pyrrolidone (NVP) and maleic anhydride (HA) was chosen. It was 
prepared by heterogeneous copolymerization initiated by AIBN. 
Reaction conditions and kinetical measurements will be published 
elsewhere. 

Copolymers of NVP are usually characterized by viscometry 
and apparent molecular mass values estimated adopting the 
Mark-Houwink equation determined only for the homopolymer (KO- 
TENKO et al. 1972, GEORGIEV et al. 1979). However there is a 
considerable demand for the expression of real molecular mass 
figures particularly from the pharmacological profession. In ad- 
dition fractionation of the polymer is for itself very important 
since there are serious contradictions for the very large as 
well as for very small molecules in medical applications. The 
molecular mass determination of polymeric acids encounters nu- 
merous experimental difficulties (KATCHALSKY and EISENBERG, 1951; 
OTH and DOTY 1952; NAGASAWA and TAKAHASHI 1972; KITANO et al. 
1979). In this paper we wish to report our experimental results 
obtained in this field. 

HYDROLYSIS 
Prior to fractionation samples of P(NVP-co-MA) were purified 

by extraction (in a Soxhlet for 24 hrs) in dry benzene to re- 
move monomers and oligomers. IR spectra of the copolymer evi- 
denced that partial hydrolysis of anhydride groups by air mois- 
ture is unavoidable. In order to bring the sample to definite 
and homogeneous chemical composition it was converted to poly- 
-acid by hydrolysis. For complete conversion of anhydride groups 
but to prevent the opening of lactam rings alkaline medium under 
mild conditions was applied. An example of hydrolysis procedure 
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was as follows. Equimolar amounts of copolymer (17.1 g) and 
NaHCO% (13.9 g) were mixed in 240 cm 3 water at room temperature. 
After-stirring for 3 hrs the clear solution was poured into 12OO 
cm 3 acetone. The precipitate was redissolved and the excess of 
NaHCO 3 was eliminated by diluted acetic acid (10%). The resulted 
sodium salt P(NVP-co-MA Na2) was ion-exchanged on an Amberlite 
IR 120 column, then freeze dried. 

FRACTIONATION 

Fractionation of the polymer was performed in water/acetone 
solvent/nonsolvent system. The course of fractionation was the 
following. 18.5 g ion-exchanged poly-acid was dissolved in 250 
cm 3 water. The first fraction (Fr.I) was obtained by slow addi- 
tion of the solution into 870 cm 3 acetone. The second fraction 
(Fr. II) was precipitated by the addition of further 380 cm 3 ace- 
tone. The residue was the third fraction (Fr. III), recovered by 
rotary evaporation. Fr.I and Fr. III were subjected to further 
fractionation steps (Fig.l, Fig.2) . The initial concentrations 
of the solutions were 7.5% in each case. 

Characterization of the fractions has been carried out by 
molecular light scattering and viscometry, both in dilute solu- 
tions at pH = 2.1, at 25 ~ 

DETERMINATION OF MOLECULAR WEIGHT 

Detailes of light scattering measurements will be described 
in the next paper of the series. The measurements were performed 
on a Brice-Phoenix Series 2000 instrument. The optical clarifi- 
cation of solvent and solutions was accomplished by pressure 
filtration through ultrafine glass-sinters G5 and G4 respective- 
ly. The intensities of scattered light were measured at k = 
= 546 nm. The numerical value of the refractive index increment 
was 0.146, determined on a Phoenix Precision Instrument 60 Type 
Differential Refractometer. Results obtained are summarized in 
Table I together with ~iscometric data. 

DETE~4INATION OF INTRINSIC VISCOSITY (limiting viscosity number) 

The intrinsic viscosities of the polymer solutions were de- 
termined in an Ubelhode viscometer which had a flow time for 
the solvent of 26 s at 25 + O.O1 ~ The values of relative vis- 
cosities were between 1.l--and 1.5. The starting concentrations 
of the solutions were of about 0.02 g.cm -3. In all cases the 
solutions were dilute enough to show no curvature on graphs of 
nrel vs. c. Plotting nsp/C vs. c straight lines were obtained 
(from 5 -7 points). Valhes dete?mined are listed in Table I. 

MARK-HOUWING EQUATION AND DISCUSSION 

From the data above the relation between limiting viscosity 
number and molecular mass was calculated using the least-squares 
method: 

[n]c = 3.25.10-4.M O-62 
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Fr. I 
8.00 g 
dissolved in 

i 

original Fr. I. 
1.90 g 

10 cm 3 water I 

3.5 x by Vol. 3.8 x by Vol. 4 x by Vol. 
acetone acetone acetone 

IFrI1 I pFrI2 1 IFrI3 
1.68 g 3.00 g 1.42 g 

Figure I. Sch~ne of repeated fractionation of Fr. I 

Ft. III 
8.OO g 
dissolved in 110 cm 3 water 

500 cm 3 acetone I 
f 

Fr. III. I. evaporation 
5.25 g 

! 

[ 3 
dissolved in 70 water 

I 
300 cm 3 acetone 

I 

Fr. III. I. I. .I 
evaporation 

3.59 g 

Fr. III. 2. 
2.64 g 

Fr.III.1.2. 
1.20 g 

Figure 2. Scheme of repeated fractionation of Fr.III 
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Table I 

Sample [q]c cm 3 -I �9 g IO-3.Mw 

I. O.2O 3O.8 

I.I . 0.22 35.0 
1.2. O.18 29.0 
1.3. 0.17 25.0 

II. O.10 10.2 

III.1.1. O.11 10.5 
III.1.2. 0.09 10.0 

On the basis of the data above it can be concluded, that the 
copolymer prepared, relieved from low molecular mass compounds 
by extraction, consists of two main fractions of about 50 -50 
per cent. The second fractionation of Fr.I resulted in three 
distinct fractions (see Table I) while Fr. II and Fr. III are of 
the same molecular mass. Consequently the molecular mass distri- 
bution of the copolymer studied is quite narrow. 
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