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The enhancement of drug dissolution through 
dispersing it in a water-soluble polymer matrix 
such as polyvinylpyrrolidone (PVP) is well estab- 
lished, (Chiou and Riegelman, 1971; Shefter and 
Bates, 1979; Goldberg et al., 1965; 0th and Moes, 
1985). This enhancement in release however has 
been attributed to different mechanisms. Simonelli 
et al. (1969, 1976) and Corrigan et al. (1980), have 
suggested that the formation of a high-energy 
complex between sulphathiazole and PVP is re- 
sponsible for the increase of the drug dissolution. 
Chiou and Riegelman (1971) have suggested that 
the molecular dispersion of the drug in the poly- 
mer matrix results in an increase in drug release. 
Shefter and Cheng (1980) have studied the interac- 
tion of a number of drugs with PVP and suggested 
that the increase in release is related to the ability 
of the drug to form hydrogen bonding with the 
pyrrolidone moiety of the polymer. Sekikawa et al. 
(1979) attributed the increase in release to 
coacervate formation with the polymer. In order 
to probe the nature of the interaction between the 
ibuprofen and PVP, the ibuprofen-PVP system 
was studied using proton nuclear magnetic reso- 
nance (‘H-NMR) and infrared (IR) spectroscopy. 
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PVP-drug dispersions (1 : 1 w/w) were pre- 
pared by dissolving the required amounts of the 
drug and the polymer which was dried under 
vacuum in a minimum volume of chloroform pre- 
viously dried over P,O,. The solvent was then 
removed under vacuum. The resulted mass was 
left under vacuum for 3 days and then removed, 
size-reduced and kept under nitrogen. The ‘H- 

NMR spectra were recorded on Bruker WP 80 SY 
spectrometer with TMS as internal standard. 
About 0.15 g of the solid dispersion was dissolved 
in CDCl, in an NMR tube under nitrogen. Solu- 
tion of the dry polymer or the drug were also 
prepared in the same way. The IR spectra were 
recorded on a Pye-Unicam SP3-100 spectrometer 
using KBr disks. 

The ‘H-NMR spectrum of ibuprofen is shown 
in Fig. 1A. All resonance peaks are assigned to 
their protons. The carboxylic proton appears at 
chemical shift 6 = 11.34 ppm, which is a typical 
shift for free carboxylic acid. Fig. 1B shows the 
‘H-NMR spectrum of the polymer. Two complex 
multiplets appear in the spectrum in the range 
S = l-2.5 ppm and 2.8-4.0 ppm which are attri- 
buted to the polymer chain protons (- CH,-CH, 
-) and the pyrrolidone ring proton respectively. 
The spectrum of the. solid dispersion is shown in 
Fig. 1C. The important feature in the spectrum is 
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Fig. 1. Proton NMRs of A: ibuprofen; B: PVP; C: solid 
dispersion. *, CDCl, peak. 

that the carboxylic proton peak appeared in the 
free acid at S = 11.34 ppm has disappeared in the 
dispersion and a new peak at 6 = 5.71 ppm is 
observed. These results very likely suggest that the 
carboxylic group of the drug has interacted with 
the polymer through hydrogen bonding according 
to the following possible equilibrium: 
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The broadening of the new peak at 6 = 5.71 ppm 

might also indicate that the nitrogen of pyrroli- 
done ring is involved in the hydrogen bonding. 

The IR spectra of the drug, the polymer, the 

drug -PVP (1: 1 w/w) physical mixture and the 
solid dispersion (1: 1 w/w drug: polymer) are 
shown in Fig. 2. In the region 4000-2000 cm-’ 
the drug exhibits a broad band at about 2800-3200 
cm-’ due to the stretching of the carboxylic O-H 
group which is subjected to intermolecular hydro- 
gen bonding. The aromatic C-H stretch is inter- 
ferred in the O-H range. A broad multiplet at 
about 2600-2800 cm-’ which is attributed to the 
aliphatic C-H stretch is observed. In the same 
region (4000-2000 cm-‘), the polymer shows a 
broad band centered at 3500 cm-’ due to the 
O-H stretch from the absorbed moisture. The 
other broad band at about 2800 cm-’ is attri- 
buted to the aliphatic C-H stretch. In the disper- 
sion, the bands due to moisture O-H, carboxylic 
O-H and C-H stretches are well defined. It was 
found that the solid dispersion was very sensitive 
to moisture. Although the KBr pellet was pre- 
pared using dry dispersion, but the O-H stretch- 
ing band due to moisture appeared in the spec- 
trum. In the carbonyl frequency region, the drug 
shows a strong band at 1740 cm-’ due to the CO 

stretch in the carboxylic group. The polymer gives 
a broad strong band at about 1660 cm-’ due to 
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Fig. 2. IR spectra of A: ibuprofen; B: PVP; C: physical 
mixture; D: solid dispersion. 
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the CO stretch in the cyclic amide. The dispersion 
shows a broad band at about 1660 cm-’ and 
another broad shoulder at about 1735 cm-‘. In 
the physical mixture, Figure 2C, the CO stretch of 
the drug appears as narrow and separated band 
from the broad CO stretch of the polymer. The 
broadening of the CO band of the drug in the 
dispersion might be due to the presence of hydro- 
gen bonding which does not exist in the physical 
mixture. In the low frequency region 600-1600 
cm-’ the bands observed in the dispersion are 
both for the polymer and the drug, but some 
bands for the drug have either disappeared or are 
significantly reduced in intensity. For example, 
the strong band at 780 cm-’ in the pure drug has 
disappeared in the dispersion. The spectrum of the 
physical mixture shows identical spectra of both 
polymer and pure drug. These results might indi- 
cate that in the solid dispersion a significant change 
in the total symmetry of the drug molecule in the 
solid polymer matrix has occurred. 

From the above spectroscopic studies it can be 
concluded that ibuprofen interacts with PVP 
mainly through hydrogen bonding between the 
carboxylic acid group and the nitrogen of the 
pyrrolidone ring of the polymer. This interaction 
exists in the solid dispersion system and in solu- 
tion of inert solvent matrix. 
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