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prcsuniably bccause these chaiigcs arc inconsc- 
quential in relation to the high concentration of 
serum cholesterol. 

I t  should be ncitcd that the above itssay proccdurc, 
i s  uiisuitahle for the scrcctiing of compounds that 
1owc:r scruni cholrstcrol b y  iiitcricring with cl~o- 
Ivstcml biosyi~thcsis, since this process is markedly 
rcdirccd in rats fed high cholestcrol diets (28, 29). 
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Interaction of Substituted Benzoic Acids 
with Cationic Surfactants 

By LUCY S .  C. WAN 

The interaction of benzoic acid and a series of hydroxy, amino, chloro, and nitro- 
benzoic acids with surfactants of the quaternary ammonium type was studied by 
means of viscosity measurements. Only salicylic acid was found to interact with 
the surfactants leading to an increase in viscosity which reached a maximum at ap- 
proximately the concentration at which the surfactant solution became saturated 
with sarlicylic acid. Apparently the interaction is specific and is limited to the ortbo 
hydroxy substitution of benzoic acid, as no viscosity effect was observed with the 
ortbo, %*eta, and para isomers of amino, chloro, and nitro substituted benzoic acids. 
In addition, sodium lauryl sulfate and cetomacroeol 1000 did not exhibit viscositv 
changes in the presence of salicylic acid. 

ICNZOIC ACID and its substituted isomers have B been found l o  interact wi th  a varied nuuiher 
of rktrnidccutical coinpounds. Salicylic acid, 
r i i d t r ,  alitl guru liydrox) bcnmic acids have bccri 
SllUWll to coin1 llcs with pulycthyleiic gll cols 
(1) and btiith ~~olyvinyl~~yrrolitioiic (2). In 
atldition, the hydroxybenzoic acids ha\-e been 
found to interact with caffeine (3 )  and with 
theophylline and theobromine (4). Goodhart 
and Martin ( 5 )  reported that the solubilities of 
bmzoic acid arid its substituted isomers were 
greatest in the least hydrophilic of the poly- 
ethylene stearates. The solubilities of benzoic 
acid salicylic acid, and p-hydroxybenzoic acid 
have also been f mind to increase in the presence 
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The viGosity effect was not related to pG. 

of their sodium salts and the addition or a hy- 
droxy grtiui) to the acid lcd to the loriliation ol 
coiiiplexcs (ti). 

Chclation o f  felric siitl aluuiiiiuiii ioiis witli 
salicylic acid ant1 its amino, chltrro, and iiitro 
derivatives lime bccn dciiionslrsted by I‘oye aiicl 

‘rurcotlc (7). Results h n i  the irivestigalitrii 
of thr action of Schardinger dextrins on benzoic 
acid and hydroxybenzoic acids did not seem to 
indicate a clear cut mechanism of the complexa- 
tion involved. Apparently hydrogen bonding 
is an important factor in the cyclodextrin-hy- 
droxybenzoic acid interaction (8). Schlenk and 
Sand (9) showed that the molecular ratio of 
cyclotlextrin to certain benzoic acid derivatives 
was a lunction of the physical state of the com- 
plex. Monohalogenated benzoic acids and 
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TABLE L-PHYSICAL CONSTANTS OF SURFACTANTS 

CMC 2 5 O  
Surfactant Mp.C %w/v 

Dodecyltrimethylammo- 
nium bromide 244-245 0.041 

Tetradecyltrimethylainiiio- 
nium bromide 246-247 0,082 

Cetyltrirrieth ylarrirrloniuiri 
bromide 262-263 0.051 

Sodium lauryl sulfate 204-206 0.014 
Cetomacrogol 1000 37-38 0.0021 

_ _ _ ~ _ ~ ~  
a Micro melting apparatus. From surface tension nieas- 

urements using the n u  Nouy tensiometer. 

aminobenzoic acids have been reported to inter- 
act with cyclodextrins. The resultant complexes 
were considered to be due t o  inclusion formation 
and other attractive forces existing between host 
and guest molecules (10). 

Higuchi and Drubulis (11) have attributed the 
interaction of hydroxyaromatic a d d s  and their 
salts t o  a donor-acceptor type of mechanism. 
Urea has been shown to form complexes o€ low 
stability with benzoic acid while with salicylic 
acid it forms insoluble interaction products (12). 
Goudah and Guth (13) demonstrated that  ben- 
zoic acid and its substituted compounds com- 
plexed with potato and arrowroot starch and 
postulated that attractive forces and inclusion 
formation were responsible for the interaction 
observed. Salicylic acid has been reported to 
exhibit the greatest binding tendency for poly- 
sorbate 80, followed by the meta and para isomers 
(14). This was identical with the findings ol 
Blaug and Ebersman (15) for the behavior of 
hydroxybenzoic acids toward hyprose ester. 
Chakravarty, Lach, and nlaug (16) s t u d i d  the 
interaction of hydroxybenzoic acids with poly- 
oxyl 40 stearates based on solubility measure- 
ments. 

It is the purpose of this investigation to  study 
the interaction of hydroxybenzoic acids and the 
amino, chloro, and nitro derivatives of benzoic 
acid with cationic surfactants of the quaternary 
ammonium type as previous work has dealt 
with the interaction of pharmaceutical drugs 
with nonionic surfactants. 

EXPERIMENTAL 

Materials.-Recrystallized benzoic acid, in .p. 122- 
122.5" (Monsanto Chemicals Ltd.); recrystallized 
salicylic acid, m.p. 158-159", recrystallized m-hy- 
droxybenzoic acid, m.p. 205--205.5", recrystallized 
p-hydroxybenzoic acid, 1n.p. 215-216", recrystal- 
lized acetylsalicylic acid, m.p. 137-138", recrystal- 
lized o-anlinobenzoic acid, m.p. 145.5-146' (British 
Drug Houses Ltd. ); recrystallized m-aminobenzoic 
acid, 111 .p. 174-1i'Y, rccrystallized p-arninobenzoic 
acid 111.p. 187-188", rccrystallized o-chlorobenzoic 
acid, 111.p. 140-141 O ,  recrystallized m-chlorobenzoic 
acid, m.p. 155-156", recrystallized p-chlorobenzoic 
acid, n1.p. 240-241 O ,  rccrystallized o-nitrobenzoic 
acid, m.p. 146-147', recrystallized m-nitrobeiizoic 
acid, m.p. 140-141°, recrystallized p-nitrobenzoic 
acid, m.p. 241-242" (IIopkin arid Williams Ltd.). 
The cationic surfactatits were dodecyltrirnethyl- 
sunmoiiiuni bromide,' tetradecyltrimethylaimno- 
nium bromide,l and cetyltriinetliyla~iirnoniurn bro- 
mide.2 The anionic surfactant was sodium lauryl 
sulfate (Sipon Products Ltd.) and the nonionic sur- 
factant was cetornacrogol 1000 B.P.C.3 The melting 

1 Marketed as hIorphan D a n d  Moiphan T, respertively, 

2 Marketed a s  Cetrimide by Imperial Chemical Industries. 
f Marketed as Texofor AIP by Glovers Chemicals Ltd. 

by Glovers Chemicals Ltd. 

points and the critical niicclle concentrations of the 
surfactants are listed in Table I. 

Apparatus.--Portable Ferranti viscorneter, rriodcl 
VL; Pye Tropical univcrsal pH metrr. 

Measurement of the Solubilities of the Isomers of 
Hydroxy, Amino, Chloro, and Nitrobenzoic Acids in 
Surfactant Solutions.-Varying amounts of thc 
organic acid were weighcd into a series of 25-ml. 
graduated glass-stoppered cylinders containing the 
required concentration of surfactant. The cylinders 
were rotated in a thermostatically controlled water 
bath a t  25 =t 0.1" for 24 hr. The end point was 
taken as the mean between a clear solution and one 
in which a slight excess of acid was present. 

Measurement of Viscosity.-The required 
amounts of the organic acid were weighed into a 
series of 100-ml. volumetric flasks containing the re- 
quired concentration of the surfactant. The flasks 
were rotated in a thcrmostatically controlled water 
bath a t  25 =t 0.1" for 24 hr. The viscosities of the 
dispersions were measured using the portable Fer- 
ranti viscometcr placed in a thermostatically coil- 
trolled water bath at 25 f 0.5". The shear rates 
cmploycd ranged from 483.0 to 78.56 scc. An inter- 
val of 30 sec. was allowed between any two readings. 
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Fig. 1.-Solubilities of hydroxybenzoic acids iii 
aqueous solutions of alkj~ltrimetliylarrirrioniuni broni- 
ide surfactants of varying chain length a t  25". 
Key: X, dodecyltrim~tliyl~iiinioiiiuiii bromide; 
0,  tetr~dccyltr~i~iethylaminon~uni bromide; A ,  cetpl- 
tritiiettiylatnnionium bromide; I ,  mhydroxybenzoic 
acid; 2, salicylic acid; 3,  p-liydroxybenzoic acid. 
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all the coiicentrations of surfactants studied, 2%, 
3%, 470, 555, and 6!4 and in the range of shear 
rates used, the viscosity being greater at low rates 
of shear than at high rates of shear. These observa- 
tions can be attributed to  interaction of salicylic 
acid w-ith the surfactants, particularly the tetra- 
dccyltrimethylainnio~iium and cetyltrirnethylaIf1- 
rnonium bromides. In the case of dodecyltriniethyl- 
ammonium bromide a lcsser degree of interaction 
with salicylic acid is apparent as no markcd changes 
in viscosity have been observed. Probably i t  is due 
to  the shorter chain lcngth of the lipophilic portion 
of the surfactant rnolecule wliicli may t end  to dis- 
c c ~ ~ r a g c  interaction, or i t  may be due to the resultant 
complex being smaller in size arid hence is unable to 
produce the relatively higher viscosity seen with the 
longer chain surfactants. When the system becomes 
saturated with salicylic acid, the viscosity tends to 
remain constant with furthcr additions of the acid 
and this is particularly noticeable at low surfactant 
conccntration. Thew observations suggest. that  
once interaction is complete the excess salicylic acid 
has no effect on the viscosity of the system. How- 
ever, at high surfactant concentration the viscosity 
decrcascs at about the concentration at which the 
system becomes saturated with salicylic acid. This 
may bc ciuc to the uustable nature of the complex 
and which map  inaiiifest itself more predominantly 
in the presrncc of  a large nuuiber of complexes which 
follows from an increased conceritratioii of the sur- 
factant. 

When the coiiceiitratioii of salicylic acid in the 
surlactant solution is low, the system behaves like a 
Kewtonian liqnid. As the salicylic acid content is 
increased the system changes to  a non-Newtonian 
liquid producing large differences in viscosities with 
varying rates of shcar (Figs. 3, 4, and 5 ) .  It would 
appear that  adequate salicylic acid must be present 
for interaction to take place to  produce the viscosity 
effect. With a higher concentration of the surfac- 
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Fig. 2.--Solubilities of substituted bc.nzoic : r i d s  
in aqueous solutions of alliyltriiiietIiylai~~moniutii 
bromide surfactants of varying cliaiii length at 25". 
Key: x , clodccyltrimethylaInmoniuni broniidc; 
0, tetradecqltriniethylaninionium hromidc; 4. 
cetyltrimethy'lammonium bromide; 1,  o nitrobenzoic 
acid; 2, m-nitrobenzoic acid; 3,  o-amiriobenzoic 
acid; 4 ,  o-clilorobenzoic acid; 5, m-chlorobcnzoic 
acid; 6 ,  ~~~-arriinoberizoic acid; 7,  p-aminobcnzoic 
acid; 8, fi-nitrobcnzoic acid; 9, o-clilorobenzoic 
acid. 

Tlie shear rat'? was increased and tlieii decrcascd 
for all viscosit!y measuremetits. 

RESTJLTS AND DISCUSSION 

Solubilities of Substituted Benzoic Acids in Sur- 
factant Solutions. Figures 1 and 2 show the solu- 
bilities of the isomers of hydroxy. aniiiio. chloro. 
and nitrobenzoic acids iu surfactant solutions. 111 

all cases thc solubilities of the acids are proportional 
t o  surfactant cnncentration There is, however. no 
appreciahlt. difference iii thr  wluhilities c i f  tlic :icitlx 
i t i  thr. tlirct. .;urf;~rt:inti. 'I'lirst. solubility ~rxl, l is  
st'riii t I J  iiidiC:ttc that  vai-iatitiii or thc cli;iiii IciiglIi 
0 1  the lip~~pliilic portion (J r  tlic surlactmt iiiolccrtlc. 
11:~s no eRect c~ii tlie solubilities of the acids sug,qesL- 
iiig that  the wluhilities of the various substituted 
bixizoic acids studied are independent of the chain 
length of the surfactant rnolcculc. Except for the 
liydroxy tleriv.J.tives, the other acids show- a decrease 
in solubility i n  tlie order of orlho, rwetu, and paru 
isomcrs. 

Viscosity Measurements.-Figures 3 ,  4, and 5 
show the viscosities of dispersions containing vary- 
ing amounts or salicylic acid. In  general, there is an 
increase in viscosity with increasing concentration 
of salicylic acimrl in the surfactatit solution ul) to ap- 
proxiniatdy when the system bccoiiies saturated 
with the acid, after which the viscosity remains 
constant or decreases. This behavior is seen with 
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Fig. 3.-Effect of salicylic acid on the viscosity 
of alkyltriniethylammonium bromide solutions at 
25'. Uodecyltrimethylammonium bromide: 0 ,  
2yo; A, 4y0: tetradecyltrimethylammonium bro- 
iiiide: 0, 2<jc; A ,  4',:,&; - , below saturation; 
.___ , above saturation. Shear rate: I ,  234.6 sec .7 ;  
2 ,  195.9 set.-'; 3,  155.1 set:.'; 4, 117.35 set.?; 
5, 78.56 sec.-]. 
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~rietliylarii~iioiiiu~ri broniidr solution is much hi~lier 
(Figs. 3, 4, and 5)  indicating that the chain lcngth 
of tetrarlecyltrimethylatnmoriium bromide is proba- 
bly optimally favored for iuteractioti. The maxi- 

1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 
1.1 1.3 1.5 1.7 1.9 2.1 2.3 

SALICYLIC ACID, % w/v 

Fig. 4.-Effcct of salicylic acid on the viscosity 
of tetradccyltrimethylarumonium bromide solution 
(6%) at 25'. Key: -, below saturation; - - - -, 
above saturation. Shear rate: 1, 334.6 set.-'; 
2, 195.9 set.-'; 3, 155.1 sec.-l; 4 ,  117.35 set.-'; 
5,78.56 scc.-1. 

tant, more salicylic acid is required to initiate the 
non-Newtonian flow and this aniouiit increases pro- 
portionately (Fig. 6). However, the ratio of sali- 
cylic acid concentration to surfactant concentration 
at  which non-Newtonian flow commences decreases 
with the surfa.ctant couccntratioii as shown in 
Tahle [ I .  A s  the ratio is probahly linked up with 
the c1t.grt.c oi iiiterxtioii it may meim that a smallcr 
tlcgrcc of iiitcractioii is necessary for the systcm to 
ehliibit iioii-Newtoiiiaii flow iii tlic presciicc oC a 
liigli cuiiceiitr~rtioit oi tlic surfactaut. A t  a low 
coiicciitratioii of surf:ict:tnt whcrc tlicrc :ire lcss 
ti~i~lt.culcs o f  tlic s u i - f i ~ ~ t : i ~ i t  a greater dcgrcc o f  iiitcr- 
actioii is rcyuirccl t u  initiate the noii-Kewtotiiaii 
ilow. 111 the case of dodecyltrimethylanimoiiiuni 
bromide the viscosity effect is less marked, and the 
cliarige to non-Newtoniau flow is therefore less 
obvious. 

The amounts of salicylic acid that have to be 
added t o  the tetradecyltriniethylamiiioiiium bro- 
mide solutions to  produce the uon-Newtonian flow 
initially are slightly lower than for the corresponding 
eetyllrirriethylamIiioniutri bromide solutions as seen 
in Fig. 6. Furthermore, the viscosity of a tetradecyl- 
trimethylanimouium bromide solution containing 
the same amount of salicylic acid as in a cetyltri- 

0.7 0.9 1.1 1.3 1.5 1.1 1.9 2.1 2.3 2.5 
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

SALICYLIC ACID, % w/v 

Fig. 5.-Effcct of salicylic acid on tlic viscosity 
of cetyltrimetliylanimonium bromide solutions a t  
23". Key: 0,2%; V, 6%; -, below saturation; 
__.. , above saturation. Shear ratc: 1, 234.6 
set.-'; 2 ,  195.9 set.-'; 3, 155.1 set.-'; 4 ,  117.35 
see. -l; 5, 78.56 set.-'. 

'r.4llLC 1~.--~<AlIOS O I ?  s.4I.ICYLIC i\ZllJ CONCKN IKi\- 
TION TO SURFACTANT CONCENI.KATION A r WriIcii 

NON-KEWTONIAN FLOW IS INITIATED 

Surfactant, Salicylic Acid Salicylic Acid 
470 w/v TTABU C T A B  * 

~~ 

2.0  0.300 0.350 
3.0 0.230 0.300 
4.0 0.225 0.275 
6 . 0  0.2CIO 0 260 
6 . 0  0.183 0.235 

a TTAB.  tetradecyltrimethylammonium hrumide. 
CTAB. cetylti imethylammoniutn bromide. 
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T ~ B L E  111 -pH OF SURFACTAST SOLUTIONS C O N  IAINIKG HYDROXYBEVZOIC ACIUS 

~~~ 
- - ~- 
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m-Hydroxy- 
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a DTAB.  dodt~cyltrimethylammoniuui bromide. ' T T A R ,  tetradecyltrimettiylamnlonium bromide. CTAR, cetyltri 
methylammonium btomide. 

mum viscosity of salicylic acid in the tetradecyltri- 
methyl and cctyltrimcthylammoniurn bromide sdu- 
tions occurs in about the same concentratiori due to 
tlhe fact that the solubility of thc acid in both the 
surfactants are practically identical. In dodecyl- 
trimethylatnnionium bromide solutions containing 
salicylic acid this is not clear as the viscosity effect 
is uot marked. 

nz-Ilydrtrsybenzoic and p-hydroxybeuzoic acids 
were included in the investigation, but both failed 
to' show the viscosity effect observed with salicylic 
acid. The vi:;cosities of both these acids remain 
urichangecl when compared with the corresponding 
concentrations of surfactatit in the absence of the 
acid. Berizoic acicl and acetylsalicylic acid also 
failed to show any viscosity changes. The inter- 
action or salicylic acid with the quaternary type of 
surfactants is highly specific as further investiga- 
tions with the ortho, meta, and puru substitutcd 
arninobenzoic, chlorobenzoic, and uitrobeuzoic acids 
produced 11o viscosity change. In addition, sali- 
cylic acid tlirl not exhibit this viscosity effect when 
dispersed with an anionic surfactant such as sodium 
lauryl sulfate or with a nonionic surfactant such as 
cetomacrogol 1000. The viscosities of dodecyltri- 
methylammoniurn, tetradecyltrimethylammouium, 
at id cetyltritnethylammonium bromide solutions are 
iridcpendent oli the concentration of the surfactant 
and practically indepeiidcnt of cach other. 

Table 
111 shows the gH of surfactant solutious coutaining 
hydrowybenzoic: acids. There is a small change in 
pII with increasing concentration of the acid. Thc 
viscosity of a surfactant solution whose pH is ad- 
justcd to that #of a corresponding surfactant solution 
containing salicylic acid remains unaffected. This is 
true for all the three surlactants. 

The mechanism of interaction is coniplicated and 
perhaps not yet fully undcrstood. Suggestions for 
iii.teractions of compounds with surfactants of the 
pcdyether type havc bcen made by Higuchi and 

The viscosity effect is not related to pH. 

Lach (1) as due to the formation of molecular com- 
plexes and by Goodhart and Martin (5), Blaug and 
Ebersman (15), and Autian and Shaikh (17) as due 
to micellar solubilization. The results from this in- 
vestigatiou indicate that the ititeractiou of salicylic 
add with surfactants of the quaternary type involves 
complex formation which leads to a marked change 
iu viscosity and is only possible with the ortho sub- 
stituted hydroxybenzoic acid while the meta aiid 
para compounds possess structures which are un- 
favorable to interaction. Besides, other attractive 
forces are likely to  play a part as i t  is not only the 
ortho substituent that effects a viscosity change; 
a hydroxy group is essential, since the amino, 
chloro, and nitrobenzoic acids do not exhibit this 
viscosity effect. 

The above-mentioned complexation is of impor- 
tance to  pharmaceutical formulation. It can be 
made to stabilize emulsified preparations such as 
creams, ointiiieuts containing the quaternary am- 
monium type of surfactants, and salicylic acid due 
to the high viscosity resulting from the interaction. 
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