international
journal of
pharmaceutics

www.elsevier.com/locate/ijjpharm

ELSEVIER International Journal of Pharmaceutics 244 (2002) 81-86

Effect of plasticizer on the dynamic surface tension and the
free volume of Eudragit systems

Romana Zelkoé *, A. Orban®, K. Stivegh ©, Z. Riedl 9, 1. Racz ¢

& Institute of Pharmacy Administration, University Pharmacy, Semmelweis University, Hogyes E. Street 7-9,
H-1092 Budapest, Hungary
® Gedeon Richter Ltd., Gyémrdi Street 19-21, H-1103 Budapest, Hungary
¢ Department of Nuclear Chemistry, Eétvos Lorand University, P.O. Box 32, H-1518 Budapest 112, Hungary
4 Pharmaceutical Institute, Semmelweis University, Hégyes E. Str. 7, H-1092 Budapest, Hungary

Received 20 February 2002; received in revised form 31 May 2002; accepted 5 June 2002

Abstract

The purpose of the present study was to determine the changes of dynamic surface tension of aqueous Eudragit
dispersions quantitatively and compare these data with the free volume of the free films formed from several
dispersions of different dibutyl sebacate (DBS) concentrations. Eudragit L 30D and Eudragit RL 30D aqueous
colloidal polymer dispersions and their cast free films were examined. The concentration of DBS varied in the
dispersions from 0 to 20%. The dynamic surface tension of the dispersions were measured by the Du Nouy ring
method while the free volume of cast films were determined by positron annihilation spectroscopy. The obtained
results show that dynamic surface tension measurements indicate the white point (WP) of Eudragit dispersions by a
significant standard deviation increase. This may suggest the applicability of dynamic surface tension measurements
for the determination of the WP of polymeric dispersions. A decrease in the WP temperature of Eudragit dispersions
with an increasing plasticizer concentration was observed up to the DBS concentration of 10% w/w. Above this
concentration neither the WP of the polymer dispersion nor the free volume of the free films of the polymer were
changed remarkably. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Acrylate polymers and their derivatives, collec-
tively known as Eudragit polymers, were the first
synthetic polymers used in pharmaceutical coat-
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ings. To form films on the surfaces of pharmaceu-
tic materials they are usually applied as aqueous
polymeric dispersions. The physical properties of
film-forming dispersions can potentially exert an
influence at many stages during the coating pro-
cess (Lehmann and Dreher, 1973; Ghebre-Sell-
assie et al., 1997). These stages include delivery to
and droplet production at the atomizing device,

0378-5173/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.

PII: S0378-5173(02)00317-4


mailto:zelrom@hogyes.sote.hu

82 R. Zelko et al. / International Journal of Pharmaceutics 244 (2002) 81-86

travel to the tablet surface or multiparticulate
core, and the wetting, spreading, penetration,
evaporation, and adhesion of the atomized for-
mulation at the substrate surface (Racz, 1989;
Aulton et al., 1997). Among the additives that
are incorporated into the film-forming aqueous
polymeric dispersions, the plasticizer is the most
critical component. It governs the film forma-
tion and the quality of the resulting film. Incor-
poration of a plasticizer is recommended for
polymer coating formulations due to the high
glass transition temperatures of polymers (Fuku-
mori et al., 1988). Eudragit L 30D, a relatively
soft polymer, can be applied in the form of a
latex under mild working conditions, with the
addition of 10-20% plasticizer even at room
temperature and usually good film formation
can be expected (Lehmann, 1997). The plasti-
cizer effect could generally be described using
simplified forms of the Gordon-Taylor/Kelley-
Bueche relationships derived from the free vol-
ume theory of polymers (Gordon and Taylor,
1952; Kelley and Bueche, 1961). The role of the
free volume is explained by an increasing need
for space caused by chain segment mobility
which develops above the 7, (Lippold and
Pagés, 2001). To study the effects of the plasti-
cizer on the free volume positron lifetime spec-
troscopy might support a great benefit. It is
frequently used to determine the size distribu-
tion of free volume holes in polymers. The mea-
surements are based on the interaction of the
free volume holes and the so called ortho-
positronium atom. This ‘atom’ is a bound state
of an electron and a positron and reacts to the
changes of the free volume very sensitively. For
a recent review on ortho-positronium in molecu-
lar materials see (Stivegh et al., 1999).

The aim of the present study has been the
determination of the white point (WP) of differ-
ent Eudragit colloidal polymer dispersions by
dynamic surface tension measurements in the
presence of various dibutyl sebacate plasticizer
concentrations. Also the effects of the plasticizer
on the free volume of free films formed from
the dispersions has been in the scope of the
work.

2. Materials and methods

2.1. Materials

Eudragit L 30 D, Eudragit RL 30 D (R6hm
Pharma) aqueous colloidal polymer dispersions
and sebacic acid dibutyl ester (dibutyl sebacate,
Sigma) plasticizer were selected for the study.
All materials were used as received, without any
further purification.

2.2. Preparation of aqueous Eudragit dispersions

Eudragit L 30 D and Eudragit RL 30 D
aqueous dispersions were applied as we received
from the Rohm Pharma. Different dibutyl seba-
cate (DBS) was added to the dispersions in 5,
10 and 20% w/w concentrations under constant
stirring at 100 rpm for 2 h. After 2-h stirring
the obtained dispersions were homogeneous and
their were used for further experiments.

2.3. Dynamic surface tension measurements

The dynamic surface tension of different Eu-
dragit dispersions was determined by the Du
Nouy ring method using a computer-controlled
and programmable tensiometer (KSV Sigma 70,
RBM-R. Braumann GmbH, Germany) after an
equilibration at 25-40 °C for 1 h. The tempera-
ture was continuously increased in the course of
measurements to determine the WP temperature.
Measuring parameters were as follows; minimum
number of cycles, 5; minimum measuring time,
10 min; speed up, 1 mm/min.

2.4. The white point

According to the ISO definition (ISO 2115,
1996) the WP is the temperature limit below
which an opaque mass, and above which a
transparent film, is formed. The WP is normally
some degrees below the minimum film-forming
temperature (MFT), between these temperatures
film formation is more or less questionable.

In the present work, the appearance of an
exceptionally high standard deviation of the sur-
face tension is referred to as the WP. For explana-
tory details see the discussion section below.
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2.5. Film preparation

Approximately 10 g from each dispersion were
poured on a glass Petri dish (diameter = 10 cm)
and dried in a sealed container above copper
sulfate and stored at room temperature for 1
week. The obtained cast films were used for
positron lifetime measurements.

2.6. The basics of positron lifetime spectroscopy

The positron is the antiparticle of the electron
and, thus, all of its characteristic physical parame-
ters (e.g. its mass, the absolute value of its charge
and spin) are equal with those of the electron. It is
as stable a particle in a vacuum, as an electron
but the two particles annihilate each other, form-
ing gamma photons, when they meet. When
positrons are injected into a material, the annihi-
lation is inevitable and quite fast. Its actual rate, 4
depends on, roughly speaking, the electron and
positron densities:

/1=Cfp+ﬂdV, ()

where C is a constant, p, and p_ are the
positron and electron densities, respectively. In
positron lifetime spectroscopy, lone positrons are
injected into the samples separately, so, the anni-
hilation rate is determined by the electron density
at the place of the positron. The mean lifetime of
positrons (7= 1/4) varies from 100 ps to 100 ns
depending on the material and the positron state.

In the case of polymers the most important
positron state is the so called ortho-positronium
atom. It is a bound state of an electron and a
positron, i.e. a light hydrogen atom in which the
proton is replaced by a positron. Although this
exotic atom lives relatively long in a vacuum (141
ns), in materials the surrounding electrons moder-
ate this lifetime significantly. The measurable life-
time is determined by equations similar to Eq. (1)
and usually it is only 1-3 ns.

The most fortunate thing with positron lifetime
spectroscopy is that both positrons and positron-
ium atoms tend to be localized in free volumes.
Moreover, they scan the local electron density, i.e.
when localized, the electron density at the free

volume holes. The actual positronium lifetime is
proportional with the free volume size (Deng and
Jean, 1993):
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where 7 is the positronium lifetime, R is the radius
of the free volume hole, and AR is a constant.

The calibration of Eq. (2) is a really hard task
to do because the original free volume model
contains serious simplifications (Domjan et al.,
1997) sometimes providing erraneous void sizes
(Siivegh et al., 2000). Consequently, the free vol-
ume sizes obtained from Eq. (2) must be handled
with special care. On the other hand, the qualita-
tive suggestions of Eq. (2) are quite reliable, i.e. a
longer lifetime always means larger free volume
holes in the material.

Having a proper equipment, one can measure
the decay curve of positrons. This lifetime spec-
trum, S(¢) is most similar to radioactive decay
curves and usually assumed to be a single sum of
several exponentials:

S(t)= Y. A exp(— 4;1) A3)
i=1

where A, is the intensity of the ith positron state
and the number of states, n is usually not more
than four. For polymers n =3 is the normal as-
sumption and the longest one of them is associ-
ated with the annihilation of ortho-positronium
atoms.

The medium long lifetime component of life-
time spectra is associated with positrons that are
not able to form positronium atoms in the poly-
mer but, instead, annihilate directly with the elec-
trons of the polymeric chains. The lifetime of
these positrons is determined, roughly speaking,
by the average electron density in the material.
Consequently, in a material without serious chem-
ical reactions taking place, the changes of this
lifetime indicate the changes of free volume, as
well, as ortho-positronium lifetimes.

2.7. Positron lifetime measurements

Positron lifetime measurements were performed
with a conventional fast—fast coincidence system
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(MacKenzie, 1983). The system was constructed
from standard ORTEC electronic units and the
detectors from BaF, scintillation crystals and
XP2020Q photomultiplier tubes. The time resolu-
tion of the system was about 200 ps. The spec-
trum evaluation was done by the RESOLUTION
computer code (Kirkegaard et al., 1981).

Three lifetime components were found in every
spectrum but among these lifetimes the most im-
portant was the longest one.

All of the measurements were performed to
room temperature and normal pressure.

3. Results and discussion

Tables 1 and 2 summarize the dynamic surface
tension values for the different Eudragit L 30 D
and Eudragit RL 30 D dispersions measured at
several temperatures. In general, the applied plas-
ticizer decreased the surface tension value of the
dispersions, due to its interfacial structure modify-
ing effect. The WP, which could be observed
visually, was also appeared in every dispersion,
regardless to the presence of the plasticizer. The
plasticizer, however, decreased the WP tempera-
ture significantly.

The most remarkable feature of the tables is the
surprisingly high standard deviation of tension
data at the WP. In every case, this high standard
deviation occurred consequently at the tempera-
ture where the dispersion formed a discontinuous
opaque white mass, i.e. at the WP. The explana-
tion for this coincidence is hidden in the com-
bined effects of the measuring method and the

Table 1

discontinuity of the material. The Du Nouy ring
method involves a repeated sinking of the ring in
the dispersion and, as expected on the basis of
statistical thermodynamics, not always the same
molecules contact with the ring in the repeated
measurements. This is exactly the cause of repeti-
tion, i.e. the resulted ‘averaging’ eliminates most
of the effects of random fluctuations. In discontin-
uous materials these fluctuations are naturally
larger, so, the standard deviation of the measured
surface tension have to be definitely higher than in
‘homogeneous’ dispersions. The most important
consequence of the discussed coincidence is that,
in the future, surface tension measurements might
replace the dubious observation with the naked-
eye method in the determination of the WP
temperature.

The presence of DBS in Eudragit dispersions
caused a decrease in the WP temperature. Addi-
tionally, positron lifetime spectroscopy measure-
ments indicated the parallel increase of the
average size of free volume holes in the prepared
free films. Figs. 1 and 2 illustrate that, along with
the increase of DBS concentrations, both positron
and ortho-positronium lifetimes increase. Both
curves show saturation at around 10% w/w DBS
concentration and above this concentration the
free volume does not change significantly. The
observed free volume increase might as well ex-
plain the decrease of the WP temperature. As the
dibutyl sebacate concentration increases, its plas-
ticization effect changes the originally compact
structure of polymer molecules in the dispersion.
The new structure implies larger free volume
holes, as shown by the observed positron life-

Dynamic surface tension values (mN/m + S.D.) of Eudragit L 30 D dispersions containing dibutyl sebacate measured at different
temperatures

Temperature (°C) Dibutyl sebacate concentration

5% wiw 10% w/w 20% w/w
0 (mN/m) + S.D. 0 (mN/m) £+ S.D. 0 (mN/m) + S.D.
25.0 42.26 +0.31 38.56 +0.76 34.23+0.72
27.5 41.81 +0.43 37.67 +0.90 33.19 +0.69
30.0 40.94 4+ 0.96 35.57+0.97 33.15 +0.68
32,5 40.54 +0.87 31.95+8.13 29.42 +12.27

34.5 38.81 +£2.15 - -
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Dynamic surface tension values (mN/m + S.D.) of Eudragit RL 30 D dispersions containing dibutyl sebacate measured at different

temperatures

Temperature (°C)

Dibutyl sebacate concentration

5% wiw
0 (mN/m) + S.D.

10% w/w 20% w/w

0 (mN/m) + S.D. 0 (mN/m) + S.D.
38.73 +£0.87 37.954+0.72
37.67 +£0.90 36.34 +0.59
35.57+£0.97 33.154+0.58
31.95+2.99 29.42 +2.36

25.0 41.86 +0.31
27.5 40.81 +£0.43
30.0 39.94 +£0.96
325 39.54 +£0.87
34.5 3793 +2.34

times. These larger holes allow more space for
molecular movements and, thus, molecular
groups and side chains possess larger mobility. It
is assumed that this latter phenomenon leads to
the decrease of the WP temperature and, more-
over, enables film formation at a lower
temperature.

A further similarity between free volume and
surface tension measurements is provided by the
saturation behavior of the respective observables.
Above 10% w/w platicizer concentration no sig-
nificant changes were observed in any case. Nei-
ther the WP temperature, nor the free volume
changed above 10% w/w DBS. The saturation is,
most probably, due to the immiscibility of the
plasticizer with the polymer at higher concentra-
tions. In previous works, the authors provided
several distinct proofs for the immiscibility. It
was, e.g. shown that a peak appears in X-ray
diffraction patterns of cast Eudragit films above
10% w/w DBS concentration, referring to the
separated plasticizer (Orban et al., 2001). Also a
remarkable enthalpy relaxation was measured at
20% w/w DBS concentration in free films of Eu-
dragit (Zelko et al., 2002) at the glass transition
temperature, due to the enhanced molecular mo-
bility of Eudragit.

4. Conclusions

Since, in the case of pharmaceuticals, usually
the whole coating operation comes to a standstill
if the coating dispersion takes the form of an
opaque white mass, an accurate determination of

the WP temperature has a decisive impact from
the point of formulation. In the solvation of this
serious technical problem dynamic surface tension
measurements might be a great benefit. In the
present study, the sudden increase of the standard
deviation of surface tension values always coin-
cided with the optically observable WP
temperature.

The increasing plasticizer concentration de-
creased the WP temperature of dispersions and,
parallely, increased the free volume of free films
up to 10% w/w concentrations. The increased free
volume allowed more space for molecular move-
ments, thus the enhanced molecular mobility
could be an underlying factor in chemical and
physical instability of the Eudragit film coatings
containing more than 10% w/w DBS.
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Fig. 1. The lifetime of positrons in free Eudragit films as a
function of DBS concentration. Note that this lifetime compo-
nent is proportional with the average electron density of the
material and, consequently, also with the average free volume
size.



86 R. Zelko et al. / International Journal of Pharmaceutics 244 (2002) 81-86

2050+
w
Q.
~
o 2000
£
=
p=
— 19504
g
= 1900+
7
o
Q
1850

0 5 10 15 20
DBS concentration /%

Fig. 2. The lifetime of ortho-positronium atoms vs. DBS
concentration. The connection between this lifetime and the
size of free volume holes is given by Eq. (1).
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