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In the course of the formulation of coated dosage forms, selection of the suitable composition of the coating sysrem is 
essential as regards dosage form, Since the systems applied for coating are multicomponent, it is highly important to 
quantitatively evaluate the possible interactions between 'the components. These interactions determine the physico
chelnical stability of the formulated dosage form, the drug release process and the formulation parameters, as well. In the 
present study molar refraction values of polymer dispersions were deterlnined for the quantitative estimation of polymer
plasticizer interactions. Dynamic surface tension measurements, differential scanning calorimetry and X-ray diffraction 
studies were applied to analyse the possible interactions between the polymer and the selected plasticizer. 
The results indicate that the calculation of molar refraction values of polymer dispersions containing plasticizer offers 
useful means for the determination of the optimum concentration of the selected plasticizer. 
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Introduction · 
.• 

Acrylate polymers and their derivatives, collectively 
known as Eudragit polymers, were the first synthetic 
polymers used in pharmaceutical coatings as aqueous 
polymeric dispersions. The physical properties of film
coating dispersions can potentially exert an influence at 
many stages during the film coating process [1-3J. The 
coating formulations usually contain many additives in 
addition to the polymer, therefore it is highly important 
to prove and quantitatively evaluate the possible 
interactions between the components. Among the 
additives that are incorporated into aq1,1eous polymeric 
dispersions, the plasticizer is the · most critical 
component that dictates proper film formation and 
quality of the resulting film. Incorporation of a 
plasticizer is recommended for Eudragit RIJRS 30D 
formulations due to the high glass transition temperature 
values of the polymers [4, 5]. For successful formation 
of an aqueous latex film, the minimum film-forming 
temperature (MFI') must be determined, since this is the 
lowest temperature at which a polymer emulsion forms 
a continuous film. The MFf of polymer emulsions have 
been studied by several authors [4, 6-7]. The Eudragit 
RSIRL 30D types possess a minimum film-forming 
temperature of approximately 50 and 40 °C respectively 

and require the addition of between 10 and 20 %w/w of 
plasticizer to bring the minimum film-forming 
temperature down to a usable value [5]. 

The aim of the present study was to quantify the 
extent of interaction between the selected polymer and 
plasticizer and to confirm the obtained results with other 
physico-chemical dynamic surface tension, 
differential scanning calorimetry, X-ray diffraction -
methods. The selected methods characterize the film
forming properties of polymer systems which are of 
importance from the aspect of the coating process. 

Experimental 

Materials 

Eudragit RL 30 D (Rohm Pharma, Germany) aqueous 
film dispersions and sebacic acid dibutyl ester (dibutyl 
sebacate (DBS), Sigma) selected as plasticizer. 
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Methods 

Dynamic Surface Tension Measurements 

The dynamic surface tension of different Eudragit 
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 equilibration at 25-40°C for 1 
hour. The temperature was continuously increased in the 
course of measurements to determine the minimum film 
formation temperature (MFT) of polymer dispersions. 
Measuring parameters were the following: Minimum 
number of cycles: 5; Minimum measuring time: 10 min; 
Speed up: 1 mmfmin. The high standard deviations in 
the surface tension values within the measuring cycles 
refered to the film formation. The lowest temperature at 
the film formation started was defined as MFT. 

Film Preparation 

Approximately 10 g Eudragit RL30D dispersions 
containing dibutyl sebacate of different concentrations 
were poured on a glass plate and dried in a sealed 
container above copper sulphate and stored at room 
temperature for 1 week. The obtained casted films were 
used for DSC and X-ray analysis. 

Determination of the Glass Transition Temperature of 
Casted Polymer Films by Differential Scanning 
Calorimetry 

Approximately 2-5 mg polymer samples were sealed in 
closed aluminium pans and transferred to the DSC-ceU 
of Perkin-Elmer DSC 4 instrument. After a primary 
cooling to -30°C, the samples were heated to 150°C and 
the glass transition temperature was determined using 
peak-analysis from the first derivative of the measured 
heat flow. The heating and cooling rates were always 
20"'Cimin. 

X-Ray Diffraction (XRDJ Measuremems 

XRD patters of casted Eudragit films were taken \vith a 
<:omputer-\:ontrolted Diffractometer (Philips Anal;1ical 
X~Ray, t}-pe: PW1840). The measuring parameters were 
the following: Tube: anode: Cu. Generator tension: 30 
kV. Generator current: 30 rnA. Wavelength Alpha!: 
tS40S6, Wavelength .Alp~: 1.54439. Intensity ratio 
(alphallalpba i ): O.SOO. 

Detr:tmitunicm of tlte Refraui~·e lnde.li: of Polymer 
Disptrsit.ms 

without and in the presence of plasticizer were 
determined at 24 ± 1 °C applying Abbe Refractometer. 
Preceding the measurements each sample was 
thoroughly stirred. In spite of the fact that the examined 
samples were polymer latex dispersions, the sample 
preparation and the determination of the refractive index 
were reproducible without any problem. 

Calculation of the Molar Refraction by the Lorenz
Lorenz Equation 

The following equation was used for the determination 
of molar refraction values (R): 

(1) 

where n is the determined refractive index, M is the 
molecular weight and d is the density of the examined 
material [8]. The molar refraction is an additive 
property. Due to the additive characteristic of molar 
refraction, the molar refraction of Eudragit dispersions 
containing dibutyl sebacate can be calculated by adding 
up the molar refraction values of each component of the 
system. The difference between the measured and the 
calculated molar refraction values of the examined 
polymer-plasticizer systems could refer to the nature and 
extent of polymer-plasticizer interaction. 

Results and discussion 

Table 1 summarizes the measured (R,J and the 
calculated (R.,) molar refraction values of Eudragit RL 
30D dispersions containing dibutyl sebacate of different 
concentrations. Since the molar refraction is an additive 
property, the molar refraction of Eudragit RL 30D 
coating dispersions was obtained by adding the molar 
refraction values of Eudragit RL 30D and that of the 
dibutyl sebacate. The obtained results show that along 
with the increase of dibutyl sebacate concentration, the 
differences between the measured and calculated molar 
refraction values also increased. At 20%w/w plasticizer 
concentration the calcaluted molar refraction difference 
is higher with a magnitude than that of the difference 
calculated at l0%w/w plasticizer concentration. The 
reason of this phenomena could be the immiscibility of 
dibutyl sebacate with Eudragit RL 30D at higher than 
IO<.fw/w concentrations. 

Table 2 illustrates the minimum film formation 
temperature values of the same systems analysed by 
dynamic surface tension measurements. The results 
indicate that the increasing plasticizer concentration 
decreased the minimum film formation temperature, but 
above l0%w/w dibutyl sebacate concentraticn no 
significant MFf changes were seen. The obtained MFT 
values leveled out to constant value with the increasing 
DBS concentration which also refers to the 
immiscibilily of the selected plasticizer in the polymer 



Table 1 Measured (Rru) and calculated (Rc) molar refraction 
values of different Eudragit RL30D - dibutyl sebacate systems 

(average values, n=6, RSD < 5%) 

Dibutyl sebacate 
concentration Rm Rc (R,n-R,)/Rru 

(%w/w) 

0 6547.87 
5 6554.61 6551.09 0.0001 

10 6599.05 656Q.43 0.006 
20 6860.70 6568.23 0.043 

Table 2 Minimum film-forming temperature values (MFf) of 
Eudragit RL30D dispersions containing dibutyl sebacate of 

different concentrations (average values, n=6, ±S.D.) 

Dibutyl sebacate concentration 
(%w/w) 

0 
5 

10 
20 

36.5 ±0.5 
34.5 ± 1.0 
32.0± 1.0 
32.0± 1.0 

Fig.l X-ray Diffi:action pattern ofEudragit RL 30D casted 
films containing dibutyl sebacate of different concentrations 

dispersion above 10%w/w plasticizer concentration. The 
latter is in good compliance with the molar refraction 
results, calculated by the Lorenz-Lorenz relationship. 
Authors previous results indicate that not only the MFI' 
values did not significantly change above 10%w/w 
plasticizer concentration but the glass transition values 
of casted polymer films. either [9]. The X-ray 
diffraction pattern of casted Eudragit films (Figure 1) 
shows that in the presence of 10 and 20 %w/w dibutyl 
sebacate concentration a peak appears indicating the 
separated plasticizer. 
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Conclusions 

Information can be obtained from the calculation of 
molar refraction values of Eudragit dispersions 
containing plasticizer concerning the extent of 
interaction between the polymer and the plasticizer. The 
theoretical results based on the calculation of molar 
refraction values of the selected polymer-plasticizer 
system were in good complience with the results of 
applied physico-chemical methods that characterize the 
film-forming behaviour of polymers. 
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