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Additives in the form of aluminium lakes of water-soluble dyes, opacifiers (e.g. 
titanium dioxide), various inorganic materials (e.g. iron oxides, calcium carbonate, 
talc and colloidal silica) and even active drug substances (e.g. caffeine and salicyclic 
acid) have been included in tablet and granule fii coating formulations (Pickard 
and Rees, 1974; Friedman et al., 1979; Porter, 1980a; Rowe, 198 1). The inclusion of 
such materials can affect the mechanical properties of the film coatings causing a 
decrease in their tensile strength and an increase in their modulus of elasticity thus 
affecting their performance in situ on tie tablet surface (Rowe, 1982). If, as has been 
suggested by Toblosky (1971), filled or pi8mented polymer films can be analyzed in 
an analogous fashion to suspensions, then modulus enhancement in such polymer 
films should be able to the expressed in terms of a modified Einstein equation: 

E= E,(l + 2.5@+ 14.1#) (0 

where E is the modulus of the filled or pigmented film, .EO the modulus of the 
unpigmented film, and + is the volume. fraction of the filler or pigment. The 
applicability of this equation in the analysis of modulus enhancement in pigmented 
tablet film coatings is discussed in this report using data generated by Abdul-Razzak 
(1980). Aulton (1981), Delporte (1981) and Porter (198Ob). 

It can be seen from Eqn. 1 that the pigment concentration is expressed as a 
volume fraction and hence, in order to comply with this criterion, helium density 
measurements were required on the pigments and film coating polymers used. 
Values obtained on representative samples using a helium pycnometer (Beckman 
model 930, Glenmthes, Scotland) are shown’ in Table 1. Fig. 1 shows modulus 
enhancement data for 3 standard aluminium lake pigments and titanium dioxide 
dispersed in hydroxypropyl methyklhalose films (data from Abdul-Raziak, 1980; 
A&on, 1981) and for red iron oxide dispersed in a c&lose acetate.phthalate film 
(data from Porter, 198Ob). Resu!ts for titanium dioxide dispersed in a hydroxypropyl 
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TABLE 1 

HELIUM DENSITIES OF PlGMENTS AND FILM COATING POLYMERS USED IN CALCULA- 
norJs 

Helium density 
-3 

@*cm ) 

Film coating po&mers 
Hydroxypropyl methylcellulose (Methocei ES) 
Ceiiulosc acetate phthaiate 
Pigmenfs 
Titanium dioxide 
Bed iron oxide 
Erythrosine lake 
Brilliant Blue FCF lake 
Tartrazhe i*e 

1.26 
1.37 

3.78 
5.41 
2.08 
1.85 
1.92 

Volume fractcon of pigment 

1 

Fig. 1. The effect of pigments on the modulus enhancement of tablet film coating formulations: A. 
Brilliant Blue FCF lake: O. tartrazine Iake; 0, erythrosine lake; 0, titanium dioxide-ail materials 
dispersed in hydroxypropyi methyiceliuiose; l , red iron oxide dispersed in cellulose acetate phthalate. The 
graph without symbols represents the values predicted using Eqn. I. 
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methylcellulose film obtained using the data generated by Delporte (1980) were 
similar to those plotted in Fig. 1. 

It can be seen that whereas the aluminium lakes in hydroxypropyl methylcellulose 
show large positive deviations from Eqn. I in that their modulus enhancement is 
much greater than predicted, titanium dioxide in the same film coating polymer 
shows a negative deviation in that the modulus enhancement is less than predicted. 
Red iron oxide in cellulose acetate phthalate, however, shows only a small negative 
deviation at higher pigment volume concentrations. In order to explain these 
deviations it is first necessary to consider the validity of the assumptions made in 
deriving Eqn. 1, i.e. firstly, that the filler or pigment particles are rigid, spherical and 
evenly dispersed throughout the polymer matrix, and secondly, that there is no 
interaction between the particles and the polymeric film former. 

Particle shape 
If it is assumed that the analogy between the modulus of filled or pigmented 

polymer films and the viscosity of colloidal suspensions is correct then an idea of the 
effect of irregularity of shape on modulus enhancement can be obtained by consider- 
ing the equations derived for the effect of particle shape on the concentration 
dependence in the viscosity of colloidal suspensions. In this case it is known that any 
deviation from a spherical shape produces a positive deviation, the more irregular 
the shape the more the deviation (Frisch and Simha, 1956). The extent of the 
deviation that can be expected can be judged from the work of Simha (1950) in his 
equations for predicting the viscosity of suspensions containing dumbbell-shaped 
particles. If 2L is the length of the rod joining the two spheres each of radius, a, then 
by analogy to Eqn. 1 modulus enhancement in polymer films containing such 
particles should be able to be expressed by: 

It can be seen that for a dumbbell particle of L/A = 2 and at a volume concentra- 
tion of 0.1, the predicted modulus enhancement should be 87.8% compared to 39.1% 
for a spherical particle at the same volume’concentration. This solution is, of course, 
simplified since it assumes random orientation of the dumbbell. Any aggregation of 
particles will undoubtedly produce even larger deviations although alignment of 
asymmetric particles, provided they align in the direction of the application of stress 
during measurement, will tend to minimize this effect. 

Unfortunately little basic work has been done on the shape characterization of 
the various fillers and pigments used in tablet film coating although qualitative 
descriptions are available for the majority (Table 2). These descriptions, although 
subjective, are consistent with the results in Fig. 1 in that the largest deviations occur 
with the largely irregular aluminium lake particles while little or no deviation occurs 
with the spherical red iron oxide particles. However, the negative deviation occurring 
with the largely rounded titanium dioxide particles is an anomaly and can only be 
explained on the basis of particle-polymer interaction. 



TABLE 2 

QUAlfTATlVE DESCRlIllONS OF THE SHAPES OF PIGMENTS AND ADDITIVES USED IN 
TABLET FILM COATING 

pSgneat/additive Qualitative description of shape 

Titanium dioxide 
Btack ironoxide 
Ral iFoa oxide 
Yzlkrifoaoxilk 
T8k 
Ahuttinium I;rkcs 

rounded 
cubic 
SplUfiCal 
acicular 

flaLY 
irregular 

Punk/e-polymer interaction 
Particle-polymer interactions can be of two types; hydrogen bonding or 

dipole-dipole interaction, resulting in a more swollen polymeric matrix with lower 
modulus, and, much less likely, covalent bonding, resulting in a cross-linked, rigid, 
Polymeric matrix with higher modulus. It is likely that the interaction between 
titanium dioxide and hydroxypropyl methylcellulose is of the former type analogous 
to plasticization since it is already known that the material does interact with 
vinylchloride/vinylacetate copolymer lowering its glass transition temperature 
(Kumins and Roteman, 1963). It is interesting to note that calculations made on the 
data given by Delporte (1981) show that the iiegative deviation seen in Fig. 1 for 
titanium dioxide dispersed in hydroxypropyl methylcellulose is minimized on the 
addition of the plasticizers, propyleneglycol and polyethylene glycol 400. to the 
polymer. This implies that the interaction between the titanium dioxide and hy- 
droxypropyl methykellulose is through sites on the polymer which also interact with 
plasticizers, and that plasticizers can easily displace the titanium dioxide from these 
sites. 

Although it must be realized that many more results are required before the 
analogy between the modulus of e!asticity of pigmented or filled tablet film coatings 
and the viscosity of colloidal suspensions is proved conclusively and can be used in a 

predictive capacity, the data presented do show the wealth of information that can 
be accrued by a systematic analysis of simple modulus measurements. 

The author wishes to thank Dr. M.E. Aulton for providing data from unpublished 
WpOftS. 
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