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The soiubilization of salicylic acid by a series of non-ionic surfactants 

Department of Pharmacy, The University, Manchester, U.K. 
Solubilization may be used to increase the solubility of otherwise poorly soluble drugs. Recent 
work has shown that the bioavailability of solubilized drugs is not necessarily increased. Since 
only the unionized form of weak acids and bases is absorbed from the gastrointestinal tract, 
it would be useful to differentiate between the interactions of ionized drug molecules and of 
unionized drug molecules with surfactant micelles. The extent of drug/surfactant interactions 
can be conveniently expressed as a distribution ratio of the drug between micellar and non- 
micellar phases. 

The distribution ratios of the ionized and unionized molecules of salicylic acid have been 
determined between water and inicelles of the following polyoxyethylene (20) sorbitan esters: 
monolaurate (polysorbate 20); monopalmitate (polysorbate 40); monostearate (polysorbate 
60) and monooleate (polysorbate 80).* 

Excess salicylic acid was added to solutions of surfactant at different pH's. The solutions 
were shaken in a constant temperature bath for 48 h at 25" and pH was adjusted using a 
Radiometer pH stat. Filtered diluted samples were assayed spectrophotometrically for 
salicylic acid. 

Plots of DT/DH~Q as a function of volume fraction, M, of polysorbate at several pH values, 
where DT and DHzO are the solubilities of salicylic acid in polysorbate solutions and water 
respectively, are linear. The slopes, S, of these lines at each pH, plotted against the percentage 
of unionized salicylic acid present at that pH, are also linear. The values of S obtained by 
extrapolation to 0 and 100% unionized salicylic acid, are the distribution ratios Ki and K,, 
of the ionized, and unionized molecules of salicylic acid respectively (Rippie, Lamb & Romig, 
1964). 

The distribution ratios of ionized molecules are zero indicating that the molecules do not 
partition into polysorbate micelles, supporting the conclusions of Hurwitz, Deluca & 
Kostenbauder (1963) that organic ions must have a large hydrophobic group to enable them 
to be solubilized by non-ionic surfactants. The distribution ratio of unionized salicylic acid 
increases as the alkyl chain length of the surfactant increases. It may thus be expected that 
the amount of unionized acid available for absorption from surfactant solutions will be 
dependent upon the nature of the surfactant. 

J. H. COLLETT AND R. WITHINGTON 
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* Tween 20, 40, 60 and 80 respectively, supplied by Honeywill-Atlas Ltd 

Prediction of the micellar molecular weight and thermodynamics of micellization of mixtures of 
alkyltrimethylammonium salts 

School of Pharmacy, Portsmouth Polytechnic, Purk Road, Portsmouth, PO1 2QQ, U.K. 
Shinoda's (1954) equation for the critical micelle concentration (cmc) of a soap mixture and 
published data for pure surfactants were used to derive a theoretical expression for the micellar 
molecular weight (M) of a surfactant mixture. 

B. W.  BARRY AND G. F. J .  RUSSELL 

where w is the energy change per methylene radical in passing from the aqueous phase to the 
interior of the micelle, k is the Boltzmann constant and T is the absolute temperature. Mmi is 
the micellar molecular weight of a surfactant i of chain-length m, and x is the mol fraction of 
the surfactant i in a state of molecular dispersion. D is the regression coefficient of the straight- 
line plot of log M vs alkyl chain-length for pure surfactants. Experimental values of M for 



242 S BRITISH PHARMACEUTICAL CONFERENCE 197 1 : 

some commercial samples of quaternary ammonium bromides containing up to seven com- 
ponents (Barry, Morrison & Russell, 1970) were measured by light scattering. Table 1 shows 
good agreement between theoretical and experimental values of M. 

Table 1 .  

M from light 
Temperature scattering M from eqn 

Commercial surfactant "C data x (1) x 
Cetrimide B.P. 25 2.53 2.68 
Dodecyltrimethylammonium bromide 25 2.09 2.15 
Tetradecyltrimethylammonium bromide 25 2.73 2.60 
Hexadecyltrimethylammonium bromide 30 3.33 3.62 

The temperature dependence of the cmc of these mixtures was determined and an estimate 
of the effect of temperature upon the degree of counterion binding to the micelle was deduced. 
These values were used to calculate the thermodynamic parameters AG, AH, AS, and AC, at 
different temperatures from equations based on the phase separation and mass action models 
of micellization. Values obtained from the former model were more negative since this model 
does not consider the extent of counterion binding to the micelle. Trends in all parameters 
were explained with regard to the structural changes in water. Results showed that the 
thermodynamic parameters of micellization of mixtures of surfactants of known composition 
yield as valuable information as those of single surfactants which are often difficult to prepare 
pure. 
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Monomer concentrations in micellar drug systems 

Department of Pharmaceutical Chemistry, University of Strathclyde, Glagow, C. 1, U. K .  
Some drugs in the local anaesthetic, tranquillizer and antibiotic classes are surface-active and 
may exert their action by interaction with membranes. Many of these surface-active drugs 
form micelles (Florence, 1968) and if the active species is the monomer, it is important that the 
concentration of monomer in the micellar system is known. Monomer concentrations can be 
obtained by interpretation of concentration dependent shifts of nuclear magnetic resonance 
(nmr) spectra (Corkill & others, 1969). The method is relatively simple and requires no 
assumptions about micellar charge or size, but the method requires independent means of 
verification. 

The Law of Mass Action was applied to four systems containing phenothiazines in an 
attempt to confirm nmr data obtained previously (Florence & Parfitt, to be published). 
Application of the Law to the micellization process, 

where the phenothiazine micelle consists of j monomers (D+) with j-Z) firmly bound anions 
necessitates a knowledge of j and Z .  Aggregation numbers for chlorpromazine, promazine, 
promethazine and thioridazine hydrochlorides in aqueous solution have been obtained by 
light-scattering. These are in the range 8 to 11. The number of unit charges per micelle 
determined by dye-tracer electrophoresis and also by conductivity techniques are high (6 to 8) 
indicating that few anions are tightly bound to the micelle surfaces. Using this experimental 
information in the mass-action calculations of monomer concentration, good agreement was 
obtained with the values derived from nmr, thus substantiating the validity of the latter 
method and the findings i.e. that at any given phenothiazine concentration above the cmc the 
amount of monomers in the system can vary by a factor of 5 in the series studied, being lowest 
for thioridazine and highest for promethazine. In all systems studied the concentration of 
monomers does not change appreciably above the cmc. 

D. ATTWOOD AND A. T. FLORENCE 

jD+ -I- (j-Z) X- + M z+ 


