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Summary 

Intrinsic viscosity, [T/], and interaction constant, k' ,  have been determined for ethyl cellulose 7, 22, and 50 cps in 5 different 
organic solvent systems in order to select suitable systems for a coating process applicable for a wide range of ethyl cellulose grades 
of different molecular weight. The results indicate that methylene chloride/ethanol (60:40, • w/w) is an advantageous solvent 
system for each or the polymer grades studied. The interaction constant shows corresponding values for the different ethyl cellulose 
grades in each solvent sysVm studied, apparently independent of molecular weight. Thus, k" wag found to be more generally 
applicable than !~!] when searching for a solvent system with high-solvent power for ethyl cellulose since [1/] is a function of the 
molecular weight 

Introduction 

Ethyl cellulose is widely applied in order to 
control the release of drugs from pharmaceutical 
formulations, e.g. as a film-former or as a matrix 
forming agent. It has long been known that the 
properties of polymers are influenced by the 
solvent used at the preparation of e.g. a film (Haas 
et al., 1952; Boberski, 1975; Eskilsson et al., 1976; 
Azoury et al., 1988). Hence, the solvent system 
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used at the production of a film-coated controlled 
release formulation has to be carefully selected. 

Intrinsic viscosity, [~/], per se has been sug- 
gested as a tool for selecting suitable solvents for 
ethyl cellulose ~Kent and Rowe, 1978) as well as in 
combination with an interaction constant, k '  (.~- 
frey, 1947; Arwidsson and Nicklasson, 1989). The 
interaction constant, k ' ,  which is derived from the 
same set of experimental viscosity data as [T/], 
seems to be a more sensitive parameter for steri- 
cally rigid polymers such as cellulose ethers (A1- 
frey, 1947; Arwidsson and Nicklasson, 1989). Fur- 
thermore, the interaction constant reflects the in- 
teraction between the polymer molecules in ~olu- 
tion independently of the molecular weight (Hug- 
gins, 1942; Alfrey, 1947). Thus, a more general 
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~|e~tion of a suitable solvent system for a poly- 
mer may be obtained by using the interaction 
c~l.stant, k ". 

A combination of a poor hydrogen bondii:g 
solvent and a strong hydrogen bonding solvent, 
e,g+ methylene chloride/ethanol (60:40, % w/w),  
has been suggested as a good solvent system for 
ethyl cellulose 10 cps (Arwidsson and Nicklasson, 
1989). The aim of this study has been to investi- 
gate the generality of the conclusions found for 
ethyl cellulose 10 cps with respect to different 
molecular weights of the polymer. Five of the 
solvent systems studied (Arwidsson and Nicklas- 
son, 1989) were chosen for detailed studies in this 
paper. Intrinsic viscosity, [~1], and interaction con- 
stant, k ' .  have been determined for three different 
grades of ethyl cellulose in the solvent systems. 
The applicability" of the two parameters on ethyl 
cellulose of different grades mill be discussed. 

Materials and Methods 

Intrinsic viscosity, [+1], and interaction con- 
slant, k'. were determined for ethyl cellulose 7, 
22, and 50 cps (Hercules Inc., U.S.A.) in ethanol. 
methylene chloride, toluene, methylene chloride/ 
ethanol {60:40, % w/w), and toluene/ethanol 
{80: 20, % w/w). The experimental procedures 
have been described elsewhere (Arwidsson and 
Nicklasson, 1989). Each polymer grade was char- 
acterized by gel permeation chromatography 
(GPC), ethoxyl content analysis and by de- 
termination of the dynamic viscosity in toluene/  
ethanol (80:20, % w/w) as described earlier 
{Arwidsson and Nieklasson~ 1989). 

Statistical calculations 
A two-way analysis of variance was performed 

on the intrinsic viscosity as well as the interaction 
constant data obtained (n = 20 for each analysis). 
Ethyl cellulose grade and solvent system were the 
two variables for categorizing the data. The prob- 
abilities (P  values) that the responses [+/] and k '  
might be unaffected by the variables were calcu- 
lated. 

Results and Discussion 

The :iynamic viscosities, the molecular weights, 
and tht ethoxyl contents f~+tmd for the ethyl cel- 
lulose ~ ades are presented in Table 1. The corre- 
spond~:tg values for an ethyl cellulose i0 cps lot 
.,:'~cr reported (Arwidsson and Nicklasson, 1989) 

are also included. 
The linear regression lines for the three ethyl 

cellulose grades in ethanol according to Eqn 1, 

 sp/c = + (1) 

are presented in Fig. 1, as well as the results from 
ethyl cellulose 10 cps published earlier (Arwidsson 
and Nicklasson, 1989). +l~p = specific viscosity at 
the concentration c, [~l] = intrinsic viscosity, and 
k '  = interaction constant. The sl6pes, representing 
the total interaction between the polymer mole- 
cules in solution (Alfrey, 1947), increase with in- 
creasing viscosity grade of ethyl cellulose as can 
be expected from the intrinsic viscosity factor, 
[+112 , in the interaction term. The interaction con- 
stant, k' ,  which is compensated for this compo- 
nent is thus not dependent on the molecular weight 
(Alfrey, 1947; Huggins, 1942). The k'  values for 
the different ethyl cellulose grades in ethanol were 
found to be between 0.50 and 0.63. 

The correlation coefficients, r, were found to 
be > 0.99 for each of the polymer grades in each 
of the solvent systems studied when applying the 
same relationship as described in Fig. 1. In rneth- 

TABLE 1 

Properties of the studied ethyl cellulose grades 

Property Ethyl cellulose grade 

7 cps l0 cps a 22 cps 50cps 

Dynamic viscosity, 
+1 (mPa) b 7.3 9.7 20.3 48.0 

Average molecular 
weight, by weight, 
M,+ (g/mol) 31 200 38300 45600 57400 

Ethoxyl content 
(% w/w) 47.0 48.3 49.0 49.6 

a Data taken from Arwidsson and Nicklasson, 1989. 
hA 5% w/w solution in toluene/ethanol (80:20, % w/w) at 
25°C. 
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Fig. 1. Specific viscosity/concentration, ~lsp/C, vs. concentra- 
tion, for different grades of ethyl cellulose in ethanol. The 
straight lines were obtained by linear regression according to 
Equation (1). (A) 7 cps. (O) 10 cps, data taken from Arwidsson 

and Nicldasson, 1989. (e) 22 cps, (at) 50 cps. 
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Fig. 3. Intrinsic viscosity, [~], for different grades of ethyl 
cellulose as a function of the toluene/ethanol ratio. (o) 7 cps. 
(at) 10 cps, data taken from Arwidsson and Nicklasson, 1989. 

(*) 22 cps, (~)  50 cps. 

ylene chloride, 95% confidence intervals were 
calculated for k' and [~/] to 0.59 + 0.021 and 93 
m l / g  + 1.6 ml /g ,  respectively, based on 5 sep- 
arate series of  ethyl cellulose 10 cps solutions 
(Arwidsson and Nicklasson, 1989). 

Fig. 2 shows k' as a function of the ratio of 
toluene/ethanol in single or binary solvent sys- 

terns. The minimum k" value found at a solvent 
ratio of 80:20 (% w / w )  for ethyl cellulose 10 cps 
(Arwidsson and Nicldasson, 1989) was found for 
ethyl cellulose 7, 22, and 50 cps grades as welL 
indicating that this solvent system shows a high 
solvent power for ethyl cellulose. The maximum 
values for [7/] which are found for ethyl cellulose 7 
cps and 10 cps, as can be seen in Fig. 3, suppo,,'t 
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Fig. 2. Interaction constant, k ' ,  for different grades of ethyl 
cellulose as a function of the toluene/ethanol ratio. (Q) 7 cps. 
(at) 10 cps, data taken from Arwidsson and Nicklasson, 1989. 

(*) 22 cps, (0)  50 cps. 
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Fig. 4. Interaction constant, k ' ,  for different grades of ethyl 
cellulose as a function of the methylene chloride/ethanol ratio. 
(®) 7 cps. ( I )  10 cps, data taken from Arwidsson and NicHas- 

son. 1989. (A) 22 cps, (,~) 50 cps. 



this t ~ .  Howeser. the higher x4scosity grades 
of ehhyl ~I|ulc~e, i.e. 22 and 50 cps, show higher 
I¢1 values for toluene than for toluene/ethanol 
(80:20, % w/w). This cannot be explained based 
on the currently available data. 

The binar~ ~ mixtures of methylene chloride and 
ethanol generated the k '  valu,~ shown in Fig. 4. 
At the ratio of 60:40 (% v /w) ,  a minimum is 
obtained for k" indicating that this solvent system 
solves each of the pol~ln~r grades studied more 
effectively than methylene chloride or ethanol per 
se. In Fig. 5, [q] values are shown for the same 
series of solvent mixtures. As can be seen, the 
relationships between the solvent systems studied 
are the same for each of the ethyl cellulose grades. 

The results from the two-way analyses of vari- 
ance shown in Table 2 reveal that the intrinsic 
vi~'osiLv as well as the interaction constant for 
ethyl cellulose significantly depend on the solvent 
system applied (P<0.01). The ethyl cellulose 
grade has a significant impact on the intrinsic 
x~iscosity values (P<0.01)  as can be expected 
from the relationship described by Eqn 2, 

[~] = KM,~'~ (2) 

where M,~ is the molecular weight and K and a 
are constants (Braudrup, 1975). The straight lines 

~ 1 5 0 -  

"O 

'0 
50. 

I:tam3of n~thygene ¢tdm'idel~hanol {% wlwl 

Fig_ 5. Intrinsic viscosity, [I/]. for different grades of ethyl 
cellulose as a function of the methylene chloride/ethanol ratio. 
(®) 7 cps. (t=) 10 cps, data taken from Arwidsson and Nicklas- 

son, 1989. (A) 22 cps, (O) 50 cps. 

TABLE 2 

An m~erall statistical analysis (two-way analysis o f  variance, 
n = 20) on the dependency o f  solvent system and ethyl cellulose 
grade on interaction constant and intrinsic viscosity response, 
respectively (the P values are given in the Table; a low P value 
indicates that the response obtained is dependent on the variable 
studied) 

Response Variable 

Solvent Ethyl cellulose 
system grade 

Intrinsic viscosity, [~!] 0.01 < 0.01 
Interaction constant, k ' < 0.01 0.64 

obtained by linear regression analysis on a plot of 
loglv/] vs log Mw show correlation coefficients 
which are > 0.97 for each solvent system applied. 
However, unlike the intrinsic viscosity, the interac- 
tion constant is independent of the ethyl cellulose 
grade within the range studied (P  = 0.64). These 
results indicate that k '  may be used as a more 
powerful criterion compared to [~/] for evaluating 
the solvent power of different solvent systems for 
ethyl cellulose even if the values are obtained from 
different molecular weights of the polymer. This 
possibility is of considerable importance since the 
molecular weight is a useful formulation variable 
in film coating. The tensile strength of a film has 
been found to increase with increasing molecular 
weight and the incidence of e.g. edge splitting is 
thus reduced (Rowe, 1980, 1982). In order to 
avoid mechanical damage of the film and thus 
dose-damping from a film-coated extended release 
formulation, the tensile strength of the film has to 
be sufficiently high. Hence, the molecular weight 
of the coating polymer may be one of the most 
critical variables when formulating an extended 
release system in which a high internal pressure is 
built up during the release process. In such a 
formulation program, k '  may serve as a conven- 
ient tool for selecting the solvent system for ethyl 
cellulose. 

Conclusions 

The interaction constants, k', obtained for 4 
different grades of ethyl cellulose show the lowest 
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values for mixtures of methylene choride/ethanol 
(60: 40, ~ w/w)  and for toluene/ethanol (80 : 20, 
% w/w), respectively, compared to the single 
solvents per se, indicating that the two binary 
solvent mixtures show a relatively strong solvent 
power for ethyl cellulose. Thus, a mixture of a 
poorly hydrogen bonding solvent and an alcohol, 
e.g. methylene chloride/ethanol (60:40, % w/w), 
may be an advantageous solvent system for a 
spray coating process of a controlled release for- 
mulation. The concept of the interaction constant 
can be used within the range of ethyl cellulose 
grades studied independent of molecular weight in 
order to select the most suitable solvent system. 
Intrinsic viscosity, [,/], which is molecular weight- 
dependent, is not as generally applicable as k' .  
However, it may be advantageous to use the two 
parameters in combination when studying a single 
polymer grade. The application of dilute solution 
viscosity data in order to select optimum solvent 
systems for a coating process is a powerful tool at 
an early stage of a formulation program for a 
film-coated controlled release system. 
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