
one-half the summation of the critical concentrations of the two 
individual alcohols (Table III). The effect of the alcohols on red 
cells appeared to be strictly an additive one and did not depend 
on one of the alcohols being at  or near its critical concentration. 
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Influence of Cetrimonium Bromide on Base-Catalyzed 
Hydrolysis of p-Substituted Ethyl Benzoates 

I. K. WINTERBORN*, B. J. MEAKIN, and D. J. G. DAVIESx 

Abstract The effect of cetrimonium bromide at a concentration 
above its CMC on the base-catalyzed hydrolysis of eight p-substi- 
tuted ethyl benzoates was investigated. The p-substituents were 
chosen on the basis of their Hammett substituent constants and 
included nitro, cyano, acetyl, fluoro, hydrogen, methoxy, amino, 
and dimethylamino. Of these, the nitro and cyano esters showed 
an increase in rate in the presence of cetrimonium bromide 
whereas all the others showed a decrease in rate. Micellar rate 
constants were calculated from both kinetic and gel filtration 
data. Treatment of the results according to the Hammett rela- 
tionship for the effect of p-substituents on the rate of aromatic 
side-chain reactions led to the hypothesis that the observed rate 
modifications are dependent not only on the p-substituent and 
the surface pH of the micelle but also on the dielectric constant 
a t  the surface of the micelle. 

Keyphrases Cetrimonium bromide-ffect on base-catalyzed 
hydrolysis of eight p-substituted ethyl benzoates, Hammett consi- 
derations Benzoates, ethyl, p-substituted-effect of cetrimo- 
nium bromide on base-catalyzed hydrolysis, Hammett considera- 
tions 0 Hydrolysis, base catalyzed, p-substituted ekhyl ben- 
zoates-effect of cetrimonium bromide, Hammett considerations 

In recent years, there have been a number of in- 
vestigations into the modifying effect of surfactants 
on the rates of organic reactions, both with regard to 
their influence on drug stability and as models for 
enzymatic and other biological reactions, and several 
reviews have been written on the subject (1-3). 
Much published work, however, is not easily inter- 
preted and the mechanisms by which surfactants 
exert their influences are not fully understood. 

The modifying effect of surfactants on the kinetics 
of hydrolysis reactions results from the fact that the 
rate of reaction for the substrate, which is often an 

ester associated with the micelles, differs from that 
in the bulk phase. The observed rate constant is, 
therefore, determined by the aqueous and micellar 
rate constants and the fraction of the substrate asso- 
ciated with the micelles, as represented by Eq. 1: 

kobs  = kmF, i- kwFw (Es. 1) 

where k,bs, km, and k ,  are the observed, micellar, 
and aqueous reaction rate constants, respectively, 
and F m  and F ,  are the fractions of the ester associ- 
ated with the micelles and the aqueous phase, re- 
spectively. 

The rate of the micellar reaction depends upon the 
site of association of the drug with the micelle. Pene- 
tration of the substrate into the hydrocarbon interior 
would result in protection from attack and would re- 
duce the rate considerably. NMR (4) and UV (5) 
spectroscopic measurements, however, indicate that 
simple aromatic esters are solubilized at, or close 
enough to, the micellar surface for electrostatic in- 
teractions between the surface and attacking species 
to have an effect; therefore, the ionic nature of the 
surfactant is of importance. Simple electrostatic 
theory (6) would predict that the base-catalyzed hy- 
drolysis of an uncharged ester will be enhanced in 
the presence of cationic micelles and retarded in the 
presence of anionic micelles; conversely, the acid- 
catalyzed hydrolysis will be enhanced by anionic and 
retarded by cationic micelles. 

Contrary to this theory, it was previously reported 
that the presence of cetrimonium bromide (I) at con- 
centrations above its critical micelle concentration 
(CMC) increases the rate of base-catalyzed hydroly- 
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sis of ethyl p-nitrobenzoate and p-nitrophenyl ace- 
tate but decreases the rate for p-aminophenyl ace- 
tate and ethyl p-aminobenzoate (7).  This difference 
in the nature of the effect of I was postulated to be 
dependent upon the net charge on the p-substituent, 
the nitro group with a net 6- charge causing an in- 
crease in rate and the amino group with a net 6+ 
charge causing a decrease in rate. The nature of the 
rate modification, therefore, appeared to be depen- 
dent upon the combined inductive and mesomeric 
effect of the p-substituent on the benzene ring, elec- 
tron-withdrawing groups having a negative charge 
and electron-releasing groups having a positive 
charge, influencing the orientation of the ester with 
respect to the micellar surface. 

This report concerns the investigations into the ef- 
fect of 4.8 X 10-3 M I, which is above the CMC 
under the experimental conditions used, on the base- 
catalyzed hydrolysis of eight p-substituted ethyl 
benzoates under identical conditions. These esters 
have different combined inductive and mesomeric ef- 
fects as defined by their Hammett substituent con- 
stants (8). 

EXPERIMENTAL 

Esters-The eight esters used are listed in Table I, together 
with the values of their Hammett substituent constant (8). The 
esters that were commercially available were reagent grade; the 
others were synthesized using standard methods. In each case, 
they were further purified by two recrystallization or redistillation 
processes and stored under anhydrous conditions. Full details 6f 
the preparatory and purification techniques are available (9). 

Surfactant-Cetrimonium bromide (cetyl trimethyl ammo- 
nium bromide) (I) was prepared and purified as previously de- 
scribed (7). 

Buffer Solutions-Delory and King's carbonate-bicarbonate 
buffer at  pH 9.20 was used for all kinetic investigations (10). 

Water-Freshly distilled water from an all-glass still was used. 
pH Measurementsl-The pH meter and electrode systems were 

standardized prior to each pH determination using sodium tetra- 
borate buffer (11). 

Kinetic Investigations--All experiments were carried out 
using a 4 X M so1,ition of the appropriate ester a t  pH 9.2 
and 25", alone and in the presence of 4.8 X 10 - 3  Msurfactant. 

Two hundred milliliter samples of carbonate-bicarbonate buff- 
er alone and of buffer containing 5.0 X M I a t  pH 9.20 were 
prepared and equilibrated to 25". The pH was measured and, if 
necessary, adjusted to pH 9.20 by the addition of up to 0.5 ml of 
the appropriate standard solution. To 96 ml of the solution in a 
100-ml volumetric flask was added 4 ml of a 10-3 M aqueous so- 
lution of the ester. The flask was then stoppered and placed in a 
constant-temperature bath at  25 f 0.1". A sample was immedi- 
ately removed for assay and a t  appropriate time intervals after- 
ward. 

Assay Procedures-All esters were assayed by direct spectro- 
photometric2 measurement of the samples removed from the 
reaction flask by a method similar to that of Higuchi et al. (12). 
The addition of surfactant on occasion caused a change in the 
A,,, and extinction values, resulting in slight modifications of 
the basic method. In these cases, the validity of the procedure 
was confirmed for the assay in the presence and absence of sur- 
factant (9). 

Treatment of Results-In all cases, the hydrolysis followed 
first-order kinetics. The observed first-order rate constants (kobs), 
each with its associated standard error, were obtained from the 
log percentage concentration-time data by means of a computer- 
ized least-squares regression analysis. Duplicate experiments were 

Performed with a Pye Dynacap pH meter fitted with a Pye Ingold 405 
combined electrode and 622 thermal resistor. 

2 Unicam SP500 spectrophotometer was used for all measurements. 

Table I-Effect of 4.8 x 
Hydrolysis of p-Substi tuted E t h y l  Benzoates 
wi th  Different H a m m e t t  Subst i tuent  Constant  Values 
at a Concentration of 4 X 10-6 M in Carbonate- 
Bicarbonate Buffer at pH 9.2 and 25" 

M I  on the Ra tes  of 

H a m m e t t  
Substit- R a t e  R a t e  

uent Constant  Constant  
Con- in Absence of in Presence of 
s tant ,  Surfactant, Surfactant,  

p-Substi tuent Q min-l min-1 

Dimethylamino -0.83 2.74 X 10" 4.98 X 10-7 
Amino -0.66 3.41 X 10-6 1.17 X 106 
Methoxy -0.27 1.34 X 5.96 X 
Hydrogen 0.00 4.68 X 3.03 X 10- 
Fluoro 0.06 7.04 X 10" 3.93 x lod 
Acetyl 0.50 2.19 X 1.70 X 
Cyano  0.66 4.08 X 5.11 X 
Ni t ro  0.78 6.02 x lo-' 8.12 x 

performed in all cases, and no significant differences in rates were 
observed (9). 

Partition Coefficients (K,)-Partition coefficients for the es- 
ters between surfactant micelles and the aqueous phase were ob- 
tained by the gel filtration technique of Herries et al. (9, 13). De- 
terminations at  25 and 50" were carried out in sodium chloride 
solutions of the same ionic strength as the buffers used in the ki- 
netic experiments. This technique was used because the more 
conventional methods of determination, such as equilibrium dial- 
ysis and solubility, cannot be used due to the lack of suitable 
membranes for relatively low molecular weight ionic surfactants 
and the instability of some esters even a t  more neutral pH values. 
This instability requires determinations to be completed within 
hours rather than days, and it is also the reason for carrying out 
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Figure 1-Plots of the observed rate constant against Hammett 
substituent constant for the hydrolysis of p-substituted ethyl 
benzoates at a concentration of 4 X 10-6 M in carbonate- 
bicarbonate buffer at p H  9.2 and 25' in the absence (0 - ) and 
in thepresence (0- -) of 4.8 X lO-3M of I. 
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Table 11-Values of the Partition Coefficient, Kp, and Micellar Rate Constant, k,, for the  Different Esters Calculated 
from Gel Filtration Data and Corrected Values K,' and k,' Calculated from Kinetic Data 

Partition 
Coefficient Corrected Micellar Rate Corrected 

Hammett Filtration, Coefficjent, from Gel Constant, 
p-Substituent Constant, u K P  KP Filtration, k, min-1, k,' 

by  Gel Partition Constant, min-1, Micellar R a t e  

Dimethy lamino -0.83 2268 5670 -1.07 x 10-7 2.61 x 10-7 
Amino -0.66 686 1715 -8.30 x 10' 3.81 x 10-7 

4.51 x 10-7 

Acetyl 0.50 523 1308 1.13 x 10-4 1.48 x 10-4 
Cyan0 0.66 384 960 6.22 x 10-4 5.76 x 10-4 

Methoxy -0.27 1234 3085 2.29 X 10" 
Hydrogen 0.00 601 1503 1.34 x 10" 2.36 X 
Fluoro 0.06 691 1728 1.19 x 10-5 2.85 X 

Nitro 0.78 666 1665 1.00 x 10-3 8.88 X 

gel filtration in neutral salt solution. For an unionized ester, the 
partition coefficient should be independent of pH. 

RESULTS AND DISCUSSION 

The results fo? the hydrolysis of the esters in the absence and 
presence of I (Table I) are the mean of the duplicate experiments. 
It can be seen that the presence of I causes an increase in rate for 
the p-nitro and p-cyano substituents but a decrease for all other 
substituents studied. 

The Hammett relationship for the effect of p-substituents on 
the rates of aromatic side-chain reactions, such as the hydrolysis 
of ethyl benzoate, may be represented by Eq. 2: 

k 
k o  

log - = up (Eq. 2) 

where k and k, are the rate constants for the reaction of the sub- 
stituted and unsubstituted compounds, respectively; u is the 
Hammett substituent constant and is dependent upon the sub- 
stituent but independent of the reaction conditions; and p is the 
reaction constant, which is dependent upon the reaction, the con- 
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Figure 2-Plot of kobs against (k, - k,,a.)/V to determine the 
partition coefficient between micelles of I and the aqueous phase 
for ethyl p-aminobenzoate in glycine buffer at p H  10.39 and 
50'. 

ditions under which it takes place, and the nature of the side 
chain undergoing reaction (14). 

If this relationship is obeyed, a plot of the rate constant on a 
log scale uersus the Hammett substituent constant u should be 
linear with a slope equal to the reaction constant p .  Plots of this 
form for the eight p-substituted ethyl benzoates both in the pres- 
ence and absence of I are shown in Fig. 1, the calculated values of 
p being 1.98 and 1.49, respectively. 

Consideration of the kinetics of micellar reactions as represent- 
ed by Eq. 1 indicates that four variables ( k m ,  k,, F,, and Fw) 
can influence the observed rate constant. Therefore, the good lin- 
ear relationships shown in Fig. 1 are perhaps somewhat surpris- 
ing. 

From the plot of log kobs against u in the absence of I, it is clear 
that kw is directly related to the substituent constant. Values of 
F m  and Fw are dependent upon the partition coefficients for the 
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Figure 3-Plots of aqueous and micellar rate constants against 
Hammett substituent constant for the hydrolysis of psub- 
stituted ethyl benzoates in carbonate-bicarbonate buffer at 
pH 9.2 and 25'. 
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Figure 4-Diagrammatic representation of data plotted ac- 
cording to the Hammett  relationship to show the effect of di- 
electric constant on the base-catalyzed hydrolysis of p-sub- 
stituted ethyl benzoates. 

esters between I micelles and the aqueous phase. Values of the par- 
tition coefficients, Kp’s,  as measured by the gel filtration tech- 
nique are shown together with substituent constants in Table 11. 
Although K P  varies with the substituent, there is no direct correla- 
tion with u, which is indicative that the micellar rate constant, 
km, is varying for each individual ester. 

The micellar rate constants may be calculated from a knowl- 
edge of K,, k w ,  k&, and V, the volume fraction of the micellar 
phase, by application of Eq. 35: 

Micellar rate constants calculated from Eq. 3 are shown in 
Table 11. The calculated rate constants for the amino and 
dimethylamino substituents are negative and cannot be account- 
ed for by errors in the experimental rate constants. The most 
likely explanation of these negative rates is that the value of K ,  
obtained from gel filtration does not represent the true partition- 
ing in the hydrolyzing system. 

An alternative estimate of K ,  can be obtained from the kinetic 
data by application of Eq. 4: 

This equation may he obtained by rearrangement of Eq. 3, as- 
suming that k ,  is constant for any given ester and set of hydroly- 
sis conditions and is independent of surfactant concentration. 
Since this estimate of K ,  is determined from its influence on the 
observed rate of reaction, its value should be more appropriate to 
this discussion. 

At low surfactant concentration, V is small and (1 - V) ap- 
proaches unity. A plot of kobs against ( k ,  - k o b s ) / v  should be 
linear with a slope of 1/K, and intercept k,.  The only data 
available for a plot of this form are those presented previously for 
the effect of surfactant concentration on the hydrolysis of ethyl 
p-aminobenzoate in glycine buffer of pH 10.39 at 50” (7) .  Figure 2 
shows data plotted according to Eq. 4. The linear relationship is 
reasonable with a slope of 1.047 X and an associated stan- 
dard error of 1.26 X 10-4, giving a K ,  value of 956 compared with 
a value of 381 obtained by gel filtration a t  50”. Since the K ,  value 
obtained from the kinetic data differs markedly from that ob- 
tained by gel filtration, it appears that  the latter does not reflect 
the binding that occurs during hydrolysis. In the absence of rele- 
vant kinetic data to calculate the partition coefficients at  25”, it 
was assumed that the value at 25” determined by gel filtration 
has the same “error” as that  determined a t  50” (ie., a factor of 
2.5 too low), which gives a “corrected” value, K p ‘ ,  for the p-amino 
substituent of 1715, giving a corrected micellar rate, k,,,‘, of 3.81 
X min-l. If it is further assumed that all of the partition 
coefficients determined by gel filtration have this same error and 
the micellar rate constants are recalculated, the values given in 

3 For derivation of this equation, see the Appendix. 
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Figure 5-Diagrammatic representation of data  plotted ac- 
cording to the Hammett  relationship to show the effect of de- 
creased dielectric constant and increased pH on the base- 
catalyzed hydrolysis of p-substituted ethyl benzoates. 

Table I1 are obtained. Figure 3 shows a plot of these corrected k,’ 
values together with k ,  on a log scale against the substituent 
constant; also shown is a plot for the k m  values calculated using 
the K ,  values from gel filtration, ignoring the negative values. 
The Hammett reaction constants, p’s, for k ,  and k,’ obtained 
from the slopes of these lines were 2.50 and 2.25, respectively. 

It is apparent that  the nature and magnitude of the modifying 
effect of I on the base-catalyzed hydrolysis of p-substituted ethyl 
benzoates are dependent upon the u value of the p-substituent 
and, therefore, on the electron distribution in the ester as a result 
of the combined inductive and mesomeric effects of the substitu- 
ent. Previously it was suggested that the electron distribution ex- 
erts this influence by governing the site and/or orientation of the 
ester with respect to the micellar surface (7). The present results 
favor an alternative mechanism to account for the observed rate 
modifications based on the values of the Hammett reaction con- 
stants. 

The value of the Hammett reaction constant, p ,  .is known to 
vary with the dielectric constant of the medium (15). For the hy- 
droxyl-ion-catalyzed hydrolysis of p-substituted ethyl benzoates 
in various aqueous organic solvent mixtures, p increases with a 
decrease in the dielectric constant (14-16). p values in the region 
of 2.0-2.5 being reported for solvents with dielectric constants 
lying between 30 and 55. The increased values of the reaction 
constant of 1.98, 2.25, and 2.50 for k0ba in the presence of surfac- 
tant, k,’, and k,, respectively, over that  of 1.49 for the aqueous 
reaction in the absence of surfactant micelles could therefore be 
associated with a decrease in dielectric constant a t  the micellar 
surface. 

Although no values are presently available for this surfactant (I) 
system, Mukerjee and Ray (17) estimated the dielectric constant 
a t  the surface of dodecylpyridinium micelles to be approximately 
36 by examination of charge transfer spectra. Values of this order 
are not inconsistent with those postulated in the Bockris-Devana- 
than-Muller model of the electrical double layer, where values of 
6-12 and approximately 30 were calculated for the inner and 
outer Helmholz layers, respectively (18, 19), the latter being the 
supposed site for charge transfer reactions (20). This leads to the 
postulation that in these systems the ester molecules are not pen- 
etrating the micelle but are adsorbed close to the micellar surface 
in the region of the outer Helmholz plane. 

From theoretical considerations, the rate of base-catalyzed hy- 
drolysis of p-substituted ethyl benzoates should decrease when 
the dielectric constant of the medium is decreased (21). This was 
confirmed by the work of Tommila and coworkers (22-24). Thus, 
data for the base-catalyzed hydrolysis of p-substituted ethyl ben- 
zoates in water and a medium of lower dielectric constant, plot- 
ted according to the Hammett relationship, will be as shown dia- 
grammatically in Fig. 4. The. rates of hydrolysis of all of the esters 
are decreased in the lower dielectric constant system, the magni- 
tude of the effect increasing with the decreasing Hammett u 
value. A decrease in dielectric constant cannot, therefore, account 
for the increase in rate observed for the p-nitro and p-cyano sub- 
stituents. If the pH of the lower dielectric constant system is in- 
creased, Le., if there is a greater hydroxyl-ion concentration in 
the region immediately adjacent to the micellar surface than that 
of the aqueous system, the pattern of results shown in Fig. 5 
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could be obtained. This is similar to the experimental findings 
shown in Fig. 3. 

From a knowledge of the micellar {-potential, the increased 
pH a t  the shear plane of the micelle over that in the bulk solution 
may be calculated by application of the Boltzmann distribution 
theory (25). The {-potential values for I are not available in the 
literature but, in general, values of { for ionic surfactants are 
found to be between 50 and 120 mv; e.g., sodium lauryl sulfate = 
- 101 mv in the absence of added salt and = -68 mv in the presence 
of 0.1 M sodium chloride (26) and the values for decyl-, dodecyl-, 
and tetradecyltrimethylammonium chlorides in the absence of 
added salt are 57, 75, and 118 mv, respectively (27). If a value of 
50 mv for the [-potential of I as micelles is assumed, then the in- 
creased pH at the shear plane over that in the bulk phase will be 
0.84 of a pH unit. Assuming ideal kinetic behavior, i.e., the slope 
of a log kobs uersus pH plot is unity, the pH increase required to 
produce the corrected micellar rate constant of 8.88 X min-l 
for the p-nitro compound compared to the aqueous rate constant 
of 6.0 X min-’ is 0.3 of a pH unit, leaving 0.54 of a pH unit 
to compensate for the reduced rate due to the lower dielectric 
constant a t  the micellar surface. 

Thus, a mechanism to account for the observed effect of I on 
the base-catalyzed hydrolysis of p-substituted ethyl benzoates 
based on a low dielectric constant a t  the micellar surface com- 
bined with an increased hydroxyl-ion concentration in accordance 
with electrostatic theory is feasible. Although this hypothesis is 
founded on estimated micellar rate constants, due to the lack of 
accurate partition coefficients, we consider that the results avail- 
able are sufficient to warrant the interpretation presented. 

Further work to validate these hypotheses is now proceeding in 
these laboratories. 

APPENDIX: DERIVATION OF EQ. 3 

From Eq. 1: 

kobs = k,Fu + k m F m  (Eq. All  

.’. kobs = k,F,  + km(I-  F, )  (Eq. A21 

The partition coefficient, K,, for the esters between cetrimon- 
ium micelles and the aqueous phase may be represented by Eq. 
A3: 

C ,  N ,  1 - V  K = _ = _ . -  
p C ,  N ,  V (Eq. A3) 

where C, and C, are the concentrations of the ester in the micel- 
lar and aqueous phases, respectively; N ,  and N ,  are the moles of 
substrate in the micellar and aqueous phases, respectively, for 
unit volume of system; and V is the volume fraction of the micel- 
lar phase. 

By definition, Eq. A4 may be written: 

(Eq. A4) 
1 

F ,  = __ l + N m  
NU 
- 

By combining Eqs. A3 and A4, one obtains: 

(Eq. A5) ( I - V )  - 1 F 
- 1+K,V ( l - V ) + K , V  

~ 

1 - v  

Substituting for F ,  in Eq. A2 gives: 

V is calculated from the concentration of micelles in g ml-1 
and the partial specific volume of the surfactant in micellar form. 
The latter is obtained from density measurements (9) .  

REFERENCES 

(1) E. J. Fendler and J. H. Fendler, in “Advances in Physical 
Organic Chemistry,” vol. 8, V. Gold, Ed., Academic, London, 
England, 1970, pp. 271-406. 

(2)  E. H. Cordes and R. B. Dunlap, Accounts Chem. Res., 2, 
329( 1969). 

(3)  H. Morawetz, “Advances in Catalysis,” vol. 20, Academic, 
London, England, 1969, pp. 341-369. 

(4)  J. C. Eriksson and G. Gilberg, Acta Chem. Scand., 20, 
2019( 1966). 

(5)  S. Rieeelman. J.  Amer. Pharm. Ass., Sci. Ed., 49, 
339(1960). 

(6)  G. S. Hartley, Trans. Faraday Soc., 30,444(1934). 
(7)  B. J. Meakin, I. K. Winterborn, and D. J. G. Davies, J.  

(8) J. E. Leffler and E. Grunwald, “Rates and Equilibria of 

(9)  I. K.  Winterborn, Ph.D thesis, University of Bath, Bath, 

Pharrn. Pharmacol., 23,258(1971). 

Organic Reactions,” Wiley, New York, N.Y., 1963. 

England, 1972. 
(10) “Documenta Geiev Scientific Tables,” 6th ed., Geiev -” 

Pharmaceutical Co., Manchester, England, 1962. 

man and Hall Ltd., London, England, 1954. 

Pharm. Ass.,  Sci. Ed., 39,405( 1950). 

Chem., 68,1842(1964). 

(11) R. G. Bates, “Electrometric pH Determination,” Chap- 

(12) T. Higuchi, A. Havinga, and L. W. Busse, J.  Amer. 

(13) D. G. Herries, W. Bishop, and F. M. Richards, J. Phys. 

(14) L. P.  Hammett, J.  Amer. Chem. Soc., 59,96(1937). 
(15) H. H. Jaffh, Chem. Reu., 53,191(1953). 
(16) R. J. Washkuhn, V. K. Patel, and J. R. Robinson, J. 

(17) P. Mukerjee and A. Ray, J.  Phys. Chem., 70,2144( 1966). 
(18) J .  O’M. Bockris, M. A. V. Devanathan, and K. Muller, 

R o c .  Roy. Soc., Ser. A ,  274,55( 1963). 
(19) R. G. Barradas and J. M. Sedlak, Electrochim. Acta, 17, 

683( 1972). 
(20) S. Toshima, in “Progress in Surface and Membrane 

Science,” vol. 4, J .  F. Danielli, M. D. Rosenberg, and D. A. Ca- 
denhead, Eds., Academic, London, England, 1971, p. 233. 

(21) E. S. Amis, “Solvent Effects on Reaction Rates and 
Mechanisms,” Academic, London, England, 1966. 

(22) E. Tommila, Loumen Kemistilehti, 25B, 37(1952). 
(23) E. Tommila, A. Nurro, R. Muren, S. Merenheimo, and E. 

(24) E. Tommila and M. Savolainen, ibid., 40B, 212(1967). 
(25) H. R. Kruyt, “Colloid Science,” Elsevier, London, En- 

(26) D. Stigter and K. J .  Mysels, J.  Phys. Chem., 59,45(1955). 
(27) H. W. Hoyer and A. Marmo, ibid., 65,1807(1961). 

Pharrn. Sci., 60,736(1971). 

Vuorinen, ibid.. 32B, 115(1959). 

gland, 1952. 

ACKNOWLEDGMENTS AND ADDRESSES 

Received June 8, 1973, from the Pharmaceutics Group, School 

Accepted for publication August 28, 1973. 
* Supported in part by a grant from the Pharmaceutical Society 

of Great Britain. Present address: Pharmaceutical Development 
Section, Allen & Hanburys Ltd., Ware. Herts, United Kingdom. 

of Pharmacy, L’niuersity of Bath, Bath, United Kingdom. 

To whom inquiries should be directed. 

68 /Journal of Pharmaceutical Sciences 




