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Abstract

Molar refraction as well as refractive index has many uses. Beyond confirming the identity and purity of a compound, determination of molecu
structure and molecular weight, molar refraction is also used in other estimation schemes, such as in critical properties, surface terigjon, solut
parameter, molecular polarizability, dipole moment, etc.

In the present study molar refraction values of polymer dispersions were determined for the quantitative estimation of film formin
polymer—plasticizer interactions.

Information can be obtained concerning the extent of interaction between the polymer and the plasticizer from the calculation of molar refract
values of film forming polymer dispersions containing plasticizer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and in the coating process the film—plasticizer interaction. The
last one has a definite influence on the drug release.
Determination of molar refraction and refractive index are Linearity between the refractive index changes and the con-
often required to confirm the identity and purity of a compound.centration follows directly from the Lorentz—Lorenz equation,
Determination of molecular structure and weight is frequentlyand therefore gives the same variation for the index changes.
aided by these paramete&hfiner et al., 1980; Vakili-Nezhaad With that the development of the refractive index profile during
and Modarress, 2002Molar refraction R) is also used in in- and out-diffusion is well described by the diffusion theory,
other estimation schemes, such as in critical properties, surfa@d consequently the dynamic response of the optical sensor can
tension, and the solubility parameter, which is ameasure ofintebe modelled by a suitable theoriygdgorsek, 1999
molecular forces. The refractive indey (s affected by changes The alloy film densities can also be predicted from the mea-
intemperature, pressure, and wavelength of radialioemains  sured refractive indexes using Lorentz—Lorenz analysis. The
nearly constant with changes of temperature and pressure lhprentz—Lorenz analysis evaluates the refractive index of a
virtue of the density factor, which is a function of temperaturecompound film from the individual molar refractivities, of the
and pressure, and thus offsets these eff€&adibn et al., 2002 componentsklam et al., 2008
Molar refraction is useful in measure of intermolecular A close connection occurs between the molar refraction and
forces: van der Waals, London dispersion forggar(er et al., molecular polarizability, dipole moment and reactivityifers
1996, indicates such interactions as: critical molecular associsand De Boeio, 2001; McPhedran et al., 1997
tion concentration (CAC), critical micellar concentration (CMC) Ry is a value influenced by concentration and molecular
mass. Any divergence in the measured (experimental values)
Rm from the calculate®. indicates intermolecular interaction,

* Corresponding author. Tel.: +36 1 2170914; fax: +36 1 2170914. e.g. hydrogen bonding, network formatiddirtha and Luguijjo,
E-mail address: drej@hogyes.sote.hu (J. D). 1978; Gapochenko and Belozertseva, 200he presence of
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polar functionality is especially beneficial when working with formulations due to the high glass transition temperatures of
waterborne coatings. Not only does water tend to wet out morpolymers. The plasticizer effect could generally be described
readily due to surface tension forces, but polar groups will prousing simplified forms of the Gordon-Taylor/Kelley-Bueche
mote adhesion through potential hydrogen bonding of suitableelationships derived from the free volume theory of polymers.
functionality of the coating polymer composition. The role of the free volume is explained by an increasing need for
The converse situation is also important to recognize, wherspace caused by chain segment mobility which develops above
polar functionality present in the chemistry of the coating com-theTg, positron lifetime spectroscopy is frequently used to deter-
position, thus influencing the performance of the final coatednine the size distribution of free volume holes in polymers. The
product. The higher the polar functionality of the plastic sur-measurements are based on the interaction of the free volume
face or substrate and/or the coating composition, the greater thwles and the so-called ortho-positronium atom. This ‘atom’ is
probability of good interfacial stabilityBrandrup and Immergut, a bound state of an electron and a positron and reacts to the

1989. changes of the free volume very sensitively. Along with the free
The Lorentz—Lorenz law is applied to the kinetics of forma-volume changes the occupied volume also changed which can
tion of self-assembled monolayers, filn&aistry, 200 be easily tracked by the determination of molar refraction values

Precipitation of asphaltene particles was studied from crudéZelko et al., 2002
oil using refractive index measurement. Before the onset of pre- The shape of guest molecules has a significantly greater influ-
cipitation, the refractive index obeyed the Lorentz—Lorenz equaence on the free energy of supramolecular effect in the formation
tion. However, as asphaltene particles began to precipitate frowf solid complexesGorbatchuk et al., 1999
the mixture, the refractive index no longer followed the rule. The  The optimization of drug release enables applying different
deviation from the Lorentz—Lorenz rule caused by the changéypes of plasticizersReppas et al., 2000The importance of
in the amount of asphaltene particles dispersed in the crude oihonionizable but soluble excipients on solute transport through
The refractive index data were used to predict the amount afion-soluble coat is to control the rate of drug release. Because
asphaltene particles precipitated and the stability of the asphahkese additives are hydrophilic, they reduce dissolution time,
tene particles in the crude olattana and Fogler, 2003 thereby accelerating drug release.

Lorentz—Lorenz rule is applied by wide range of engineering Upon contact with the gastrointestinal fluid, the pores facili-
territory, e.g. opticskElam et al., 2008 light-induced polymer- tate erosion of the coat and the subsequent release of the active
ization (Pruner, 1998characterisation of liquid crystalglorn,  ingredient. This erosion is often non-linear and is rarely capable
1978. of controlling drug release a near-linear fashion.

Inthe course of formulation of coated pharmaceutical dosage The aim of the present study was to introduce a simple indica-
forms, selection of the suitable composition of the coating systive method for the prediction of these interactions.
tem is essential as regards dosage fokhugko et al., 200R
Since the systems applied for coating are multicomponenf. Materials and methods
it is highly important to quantitatively evaluate the possible
interactions between the components. These interactions detér{d. Materials
mine the physico-chemical stability of the formulated dosage
form, the drug release process and the formulation parameters, Eudragit L100-55 30 D, Eudragit RL 30 D (Rohm Pharma,
as well. Germany), hydroxypropil methylcellulose (mw: 86.000),

Molar refraction values of polymer dispersions were determethylcellulose (mw: 41.000), triacetin (Sigma), sebacic acid
mined for the quantitative estimation of polymer—plasticizerdibutyl ester (dibutyl sebacate (DBS), Sigma), sebacic acid
interactions. Among the additives that are incorporated intalimethyl ester (dimethyl sebacate (DMS), Sigma), polyethylene
agueous polymeric dispersions, the plasticizer is the most criglycols average molecular weight of 400, 1540, 4000 (PEG 400,
ical component that dictates proper film formation and qualityl540, 4000, 6000, Ph. Eur.4).
of the resulting film Hild et al., 2002; Fukumori et al., 1988
The prerequisite of the plasticizer effect is to diffuse into and2.2. Sample preparation
interact with the polymer, and have minimal or no tendency
for migration or exudation from the polymer. If a plasticizer = Eudragit aqueous dispersions of 30% (w/w) polymer con-
does not remain in the film, then changes in the chemical and/dent were diluted with purified water under continuous stirring
physical-mechanical properties of the polymeric material coulebnto 10% (w/w) concentration. After 30-min homogenisation,
occur. plasticizer were added in different amounts to the samples and

Film layers are made up of molecules that have exactly thegtirring was continued for 20 min. In the case of cellulose deriva-
selfintermolecular cohesive attractiohsing, 200). Theinter-  tive film forming materials (hydroxypropil methylcellulose and
actions eventuate between film forming polymer and plasticizemethylcellulose), the film forming polymers were dispersed
result deviation in molar refraction measured and calculatedn purified water to get homogeneous dispersion with stirring
and this phenomenon can be applied as an indicator to detefctr 20 min. The hydroxypropil methylcellulose concentration
the interactions. As a consequence of these interactions, seveegdplied was 0.5% (w/w) and Pharmacoat 606 concentration was
modifications in the drug release behaviour could occur. Incor2% (w/w), respectively. After homogenisation, plasticizers were
poration of a plasticizer is recommended for polymer coatingnixed into the dispersion in different concentrations (5—20 and
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5-25%, wiw). 24+ 1°C temperature was applied for sample Molar refraction (m*mol™)

preparation. 700 /3

2.3. Determination of the refractive index of polymer 600 PEG 6000
dispersions

. . . . . 500
The refractive indices were determined at the sodium D

line (A =589.3nm), 24+ 1°C by an Able Refractometer. Pre-

ceding the measurements each sample was thoroughly stirrec 400 pui
In spite of the fact that the Eudragit samples were polymer
latex dispersions, the sample preparation and the determina 3g0 yd

tion of the refractive index were reproducible without any Jj"
problem. -

200 " PEG 4000
2.4. Determination of density

100

PEG 300

The density of all the liquid samples were determined at
244 1°C using a DMA 35 (Anton Paar k.g., Austria) density oLz
meter. 0 5 10 15 20 25 30 35 40 45 50

' Concentration (%w/w)

PEG 400

2.5. Calculation of the molar refraction by the Fig. 1. Molar refraction values of PEGs vs. concentration.

Lorentz—Lorenz equation

(Fig. LandTable J). Calculation the fraction of the molar vol-

The following equation was used for the determination ofume refers on the actual occupied volume (8)). Alteration

molar refraction valuesR): of the linear regression slope of the fraction of molar volumes
s as a function of plasticizer concentration at a given concentra-
n-1 (1) tion value signs the changes in molecular motility, thus referring
n? 42 to the possible formation of molecule-associafee(an et al.,
wheren is the determined refractive index am the molar ~ 2004D. Further studies on surface tension determination and
volume (n? mol—2). osmolality justified these calculations resu@sifan etal., 200D

on determination of CAC.
Vi = M @) As it was reported earliedrban et al., 200)lalong with the

1) concentration of the plasticizer, the measured and calcufated

whereM is the molecular weight andthe density of the exam- values continuougly incrgaggd. Thig phenomenon indicates that

the molecules exist as individuals in the system, and there is

ined material Neunilller, 19773. The molar refraction is an . ; . .
. . L no intermolecular interaction between the substituted cellulose
additive property. Due to the additive characteristics of molar . . .
) . . and the PEG molecules in the examined concentration range
refraction, the molar refraction of polymer solutions and latex Table 2

ispersion ntaining different plasticizers can lcul K . . .
dispersions containing different plasticizers can be calculated b The increase in the occupied volume refers to the improved

adding up the molar refraction values of each component of the . . .
. molecular mobility. It is assumed that as the dibutyl sebacate
system. The difference between the measured and the calculate Lo : . .
: . .._~concentration increases there is an increase in the free volume
molar refraction values of the examined polymer—plasticizer . . .
of the polymer; thus, the total volume occupied by a given num-

systems refer to the nature and extent of polymer—plasticizekg - ,
. ; , T er of molecules will increasez€lko et al., 2002 It enables
interaction Orban et al,, 2000; Dreah et al., 2004a more movement of molecular groups and side chaiablg 3.

The space-filling factord which is the fraction of the molar ; )
volume actually occupied by the molecules is calculateddda Table 4summarizes the measur and the calculatedtt)

Rajulu and Mabu Sab, 1998sing Eq.(3):

R:Vm_

Table 1
n2_-1 3 Slope and linear regression accuracy values of PEGaculations
y = ——
n2 42 Molecular Concentration Linear regression R?
weight range (%, w/w) slope
3. Results and discussion 300 30-70 0.73 0.992
400 0-30 1.01 0.991
Macromolecules of different concentration ranges, dependt540 0-20 3.48 0.993
ing on their molecular masses, e.g. degree of polymerizatiorié,ggg 8—58 12-;3 g-ggg
followed the Lorentz—Lorenz law with good correlation. Above 30__50 1373 0987

the CAC, deviation occurred in the slope of linear regression
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Table 2 Table 5

Changes of the deviations of the calculafddvalues from the measurek}, Lorentz—Lorenz plot values (%) of Eudragit RL 30D samples in the presence of
and space-filling factorrf in HPMC (94 cPs, 0.5%, w/w) aqueous solutions different plasticizers

containing different amounts of PEG 1540

Plasticizer content PEG 6000 PEG 400 DBS Triacetin
PEG 1540  Rn R¢ r S.D. Rel.SE. (%, w/w)
(%, wiw) (mmol~1)  (m¥mol1)
0 0 0 0 0

0 31.13 31.13 0.2063 0.00 0.0 5 0.34 0.99 0.01 -0.04

5 47.35 50.72 0.2085 2.38 4.7 10 1.26 0.85 0.59 —0.04
10 63.82 66.76 0.2130 2.08 3.1 20 2.34 4.45 445 -0.04
15 80.56 83.20 0.2168 1.87 2.2
20 97.71 99.94 0.2212 1.58 1.6
25 115.13 118.01 0.2237 2.04 1.7

- - - - - of the plasticizer at 20% (w/w) dibutyl sebacate concentration,
a Linear regression slope-changing concentration, below this the slope fi d by DSC 1d b derlvi f in ch ical
0.01144, above 0.00924, showing the change in occupied volume. con 'rme_ y. '.(_:OU € an un erlying acltor. inc em'ca

and physical instability of the examined Eudragit film coatings.

Along with the increase of dibutyl sebacate concentration of the

Table 3 free films, the free volume of the polymer was also increased.
The Lorentz—Lorenz plotRy, — Rc)/Rm values (%) of free films of Pharmacoat  With increasing free volume, the molecular mobility of the poly-
606 containing different plasticizers mer was also increased.

Plasticizer concentration PEG 400 DBS The effect of molecular weight and concentration of water-
(%, wiw) soluble PEGs on the molality of Eudragit dispersions was studied
5 0.63 11.70 _(Orbém et al., 200L The rgsults indicate that alqng with the_
10 0.20 1048 increase of the concentration of PEGs, the molality of Eudragit
20 1.09 12.74 dispersions also increased. In the case of PEG 400, the molal-

ity increased linearly with good correlation as a function of
plasticizer concentration, while in the case of PEGs of higher
molar refraction values of Eudragit RL 30D dispersions con-molecular weights, the molality values more differed from the
taining dibutyl sebacate of different concentrations. Since thnear at higher concentration values. The latter refers to the
molar refraction is an additive property, the molar refraction ofpossible interaction between the polymer and the plasticizer in
Eudragit RL 30D coating dispersions were obtained by addingjispersjon, and it was confirmed by the molar refraction calcu-
the molar refraction values of Eudragit RL 30D and those of thations based on the Lorentz—Lorenz equation.

various plasticizers. The obtained results shomb{es 4 and b Increase in the measurdg, values to that of the calculated,

ferences between the measured and calculated molar refractigf g. molecular associates) or swelling of the plasticizer in the

values also increased. In the case of 20% (w/w) DBS concerm forming material Table 5.

tration, the calculated molar refraction difference is higher with  pecrease of the measur®y, values was detected in the

a magnitude than that of the difference calculated at 10% (W/Wyxamined range of PEG molecular masses at the given con-
plasticizer concentration. The reason of this phenomenon coulgkntration (10%, wiw). A possible explanation of the phe-
be the immiscibility of dibutyl sebacate with Eudragit RL 30D nomena could be the formation of hydrogen bridges between
at higher than 10% (w/w) concentrations. The latter is in gootbEG molecules and the fre€OOH groups of Eudragit chains
compliance with our earlier published resulislbanetal., 200D (Taple §. By this process, the structure of Eudragit would be
determined by differential scanning calorimetry and positronmore ordered and these presumed hydrogen bridges could fix the
lifetime spectroscopy measuremeri@sifan, 2002. Interaction  gjstance between the polymeric chains, causing the subsequent
was observed between Eudragit L 30D and dibutyl sebacate, angbcrease of the size of occupied and free volume holes of the
it was confirmed by the enthalpy relaxation values measured §§m coating polymer. The latter was observed and interpreted
the glass transition temperature of cast Eudragit films commonlkgy several authors3apochenko and Belozertseva, 2001; Horn,
applied for film coating procedures. The enhanced molecula{978: Mergel et al., 20Q0This effect is more dominant in the
mobility of the coating polymer along with the immiscibility case of PEGs of higher molecular mass. A magnitude difference

Table 4
MeasuredRm) and calculatedR.) molar refraction values of different Eudragit Table 6
RL30D—dibutyl sebacate systems (average valuesj, R.S.D. <5%) Deviation of measurefl;, from the calculate®. values of Eudragit L 100-55
- samples at 10% (w/w) PEG plasticizer content
Dibutyl sebacate Rm Rc (Rm — Rc)IRm (%)
concentration (%, w/w) Molecular weight of PEG Ry (m® mol=1) Rc (m3mol1) |S.D|
0 6547.87 6547.87 0 Without PEG 3253.29 3253.29 0
5 6554.61 6551.09 0.01 400 3182.35 3264.96 17.39
10 6599.05 6560.43 0.60 1540 3184.83 3288.92 104.09

20 6860.70 6568.23 4.30 6000 3280.70 3382.76 102.06
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