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Non-Ionic surface-active agents are being increasingly used in the
pharmaceutical industry, mainly as emulsifying and solubilising agents.
This paper is presented as part of a general study of the properties of
these compounds and records the solubility at 20° C. of chloroxylenol
(4-chloro-3: 5-xylenol) in aqueous solutions of polyethylene glycol 1000
monocetyl ether (cetomacrogol 1000, official in the B.P.C. 1954 and B.
Vet. C. 1953) in concentrations up to 20 per cent. The ultra-violet
absorption spectrum of chloroxylenol in solutions of the surface-active
agent is used to show that a hydrogen-bonded complex is formed between
the two substances by an interaction between the phenolic hydroxyl
group and the ether oxygen atoms of the polyoxyethylene glycol chain.
An interpretation of the solubility curve based on the formation of the
complex is given.

EXPERIMENTAL METHOD AND RESULTS

Materials. Polyethylene glycol 1000 monocetyl ether of commerce
(B.P.C. and B. Vet. C.) may be represented by the formula

CH,(CH,),,*O-CH,(CH, 0-CH,),-CH,OH,

where “m’ may be 15 or 17 and ““#” may be 19 to 23. The solubility of
chloroxylenol in solutions of polyethylene glycol 1000 monocetyl ether
was calculated using 23 and 15 as the values for “n’” and “m” respectively.

Some confusion has arisen in the literature! concerning the correct
values for “n””. This seems to be caused by the formula given in the B.
Vet. C. which we understand is to be amended. The limits for “n’ are
19 to 23, corresponding to 20 to 24 ethylene oxide units in each molecule.
It is well known® that commercial products of this type are not pure
compounds but mixtures of materials of varying hydrophilic chain length.
Statements referring to the chain lengths of these compounds normally
indicate average chain length. The wordings of the official monographs
are thus misleading.

Pure chloroxylenol was prepared by recrystallising a sample from light
petroleum (b.pt. 100-120° C.) to constant m.pt. It formed colourless
needles m.pt. 115-5-116° C. (uncorrected). Lesser and Gad?® reported
m.pt. 115-116° C.

Distilled water was used for all solutions.

Method of determining the solubility of chloroxylenol in solutions of
polyethylene glycol 1000 monocetyl ether. A suitable range of amounts
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of finely powdered chloroxylenol was weighed into a series of containers,
to which were added equal volumes of a solution of the surface-active
agent. The containers were immersed in a water bath at 20° C. and the
mixtures equilibrated by shaking at intervals during 3 days. The limit
of solubility was denoted by the appearance of turbidity in the solution,
and the quantity of chloroxylenol dissolved was taken to be the mean of
the amount contained in two adjacent solutions one clear the other turbid.
Determinations of the solubility of chloroxylenol in solutions of the
surface-active agent in concentrations of 10-5M to about 0-2M were
made in a similar manner. Equilibration for longer periods did not
affect the end-point, which was determined to within approximately
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Fi1G. 1. The solubility of chloroxylenol in aqueous solutions of polyethylene glycol
1000 monocetyl ether. A is an enlargement of the section in the lower left corner of
the diagram. B is an enlargement of the squared section of A. ’

775



B. A, MULLEY AND A. D. METCALF

41 mg. per litre at the lower concentrations of the surface-active agent.
Results are shown in Figure I.

The ultra-violet absorption spectra of chloroxylenol in water, cyclohexane
and a solution of polyethylene glycol 1000 monocetyl ether. All measure-
ments were made with a Unicam SP 500 spectrophotometer modified by
Mortont. cycloHexane for spectroscopic purposes (B.D.H.) and distilled
water were used as solvents. The spectra of chloroxylenol in water,
cyclohexane and 0-00109M
solution of cetomacrogol are
-~ shown in Figure 2. The
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concentration of the phenol

1200 | in the two latter solvents was
:'.' ) approximately 1 in 2000,
T | and in water approximately
i ‘.‘ 11in 20,000. Beer’s Law was
600 |- '

found to apply to the solu-

| tion in water over the con-
), 5 kX centration range 1 in 20,000
el '\ to 1 in 40,000.

Method of determining the
solubility of chloroxylenol in
water. A saturated solution

, , of the phenol in water was
fﬁ%roi&leglt.ra '},‘ll(l)ée;peztbrsl?r;p tilr?r:'yc?gﬁg;raane cx)g prepared by shaking an

sll‘i%vnzlg,\é ghe solid lige, Amax. (mp), €; 27393-2, excess of chloroxylenol with
; -5, 1395 : inflection at 283 mgu, € 1335. :
Spectrum in water (dotted line), A max. 280 mg, water at intervals for three

« 1305. Spectrum in solution of cetomacrogol ~Weeks. The solution was
(broken line), Amax. 281-5 mu, € 1475. equilibrated at 20°C. and the

solubility was determined by
measuring the light absorption at 280 myu of a dilution of the saturated
solution equivalent to a concentration of about 1 in 30,000 of chloroxylenol.

260 280
Wavelength in mu

Discussion

The solubility curve shown in Figure 1 is not of the form normally
exhibited when water-insoluble substances are dissolved in aqueous
solutions of surface-active agents. There is apparently no rapid increase
in solubility at a critical micelle concentration, and the solubility of
chloroxylenol, when correction has been made for the solubility in water,
which has a large effect at the lower concentrations of the surface-active
agent, is directly proportional to the concentration of polyethylene
glycol 1000 monocetyl ether over the concentration range studied. The
phenol to surface-active agent molar ratio is about 1:9:1. Solutions
of cetomacrogol 1000 gel above 25 per cent., so the solubility of the phenol
was not investigated in this region.

The critical micelle concentration of the non-ionic substances seems to
be lower than that of other types of surface-active agent. Caution is
necessary, however, when considering the properties of commercial
materials because Kushner and Hubbard® using the light scattering
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method, failed to observe a critical micelle concentration for Triton X-100,
a failure which they suggested was due to the detergent being a mixture
of materials of varying molecular weight. However, Gonick and McBain®
estimated by freezing point measurements that the critical micelle con-
centrations of Triton X-100 and nonaethylene glycol monolaurate
were 9 X 10~* and 6 x 10~* molar respectively. There are indications?
that the critical micelle concentration may be even lower for non-ionic
compounds of higher molecular weight.

Little detailed work has been published on the solubility of water
insoluble substances in aqueous solutions of non-ionic surface-active
agents, but it seems to be generally considered, by analogy with the soaps,
that the increased solubility of such substances in solutions of the non-
ionic compounds is due to the presence of micelles. The mechanism by
which the presence of micelles increases the solubility has not apparently
been considered in detail. McBain, Wilder and Merrill reported® the
solubility of Orange OT in three liquid non-ionic detergents at con-
centrations of 0 to 100 per cent. There was no indication of a critical
micelle concentration, possibly because few results were given at low
concentrations of the detergents. The differential solubilisation curves
showed increased solubility per mole of the detergents, particularly at
concentrations greater than 20 per cent. Similar results were given in
more detail for the same dye and for one of the three detergents (Triton
X-100) by McBain and Green®. Results obtained by Hadgraft!, working
with polyethylene glycol 1000 monocetyl ether and phenols which are
soluble in water, indicate that the mechanism by which phenols dissolve in
solutions of non-ionic surface-active agents might be unusual. He noted
that oil-in-water emulsions prepared with cetomacrogol 1000 seemed to
be incompatible with phenols and suggested that this was due to the
formation of a complex between them. Rough determinations made by
Hadgraft of the solubilities of resorcinol and phenol in 1 to 20 per cent.
solutions of cetomacrogol 1000 showed them to be less soluble than in
water. This supports the suggestion that complexes are formed. A plot
of Hadgraft’s results shows that the solubility of these phenols is approxi-
mately proportional to the cetomacrogol 1000 concentration.

It seems most likely that the formation of complexes between phenols
and non-ionic surface-active agents containing polyoxyethylene glycol
chains is due to hydrogen bonding (I). Itis well known that strong
hydrogen bonds are formed when the hydrogen atom concerned in the
bond is acidic in nature.

. s CHR o
OOSH e I/_\:/\=(6)9H
- \CH,R =
4y (419)

This probably explains the strong hydrogen bonding tendency of the
phenolic hydroxy group. In terms of resonance theory the acidic nature
of the phenolic hydrogen atom is due to a reduction in the electronegative
nature of the oxygen atom resulting from resonance between the possible
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canonical forms of the molecule, e.g. (II). Higuchi and Lack!® showed
that polyethylene glycols formed complexes with resorcinol, catechol and
phenol, indicating that the interaction of phenols with non-ionic surface-
active agents probably occurs at the ether portion of the molecules. The
ultra-violet absorption spectra shown in Figure 2 were determined to see
if hydrogen bonding between chloroxylenol and cetomacrogol 1000 could
be detected. Phenols, in hydrocarbon solvents, usually show a relatively
weak absorption band with well defined fine structure at about 280 mgu.
The results recorded in Figure 2 for chloroxylenol in ¢yclohexane indicate
that this phenol has a normal spectrum in this region. A slight shift of
the band to longer wavelength, together with loss of fine structure, is
observed when the solvent is water. This behaviour is typical of instances
where association is possible with the solvent by hydrogen bonding!*-12,
The effect is accentuated in aqueous solutions of the non-ionic surface-
active agent. It therefore seems likely that chloroxylenol is associated
with the polyoxyethylene glycol chain of the surface-active agent.

When solutions of cetomacrogol 1000 are mixed with a greater amount
of chloroxylenol than will dissolve, an interaction occurs and the excess
material is found to be an oily liquid and not crystalline phenol unless the
amount of chloroxylenol added is very much greater than the amount
which will dissolve. Related instances have been reported in the litera-
turel:1415,  The shape of the solubility curve in Figure 1 shows that the
oily liquid is insoluble in water. The liquid probably consists of chlor-
oxylenol together with surface-active agent and water. This has been
demonstrated with o-chlorophenol and a non-ionic detergent?s.

The most satisfactory interpretation of the results appears to be that the
solubilisation of chloroxylenol by aqueous solutions of polyethylene
glycol 1000 monocetyl ether by incorporation into the micelles is probably
governed by the hydrogen bonding which occurs between the phenolic
hydroxyl group and the ether chain of the non-ionic surface-active agent.
When the molar ratio of phenol to surface-active agent exceeds about
1-9:1 it seems that the hydrophilic character of the micelle is decreased
and a complex separates containing surface-active agent, chloroxylenol
and water. The failure to observe a rapid increase of solubility of the
phenol at a critical micelle concentration may be due to the fact that the
surface-active agent used was not a pure substance or that a critical
micelle concentration occurs at very low concentrations at which results
were not obtained owing to the experimental difficulties involved.

SUMMARY

1. The solubility curve of chloroxylenol in aqueous solutions of
polyethylene glycol 1000 monocetyl ether at 20° C. is reported. The
increased solubility of the phenol is due to its incorporation into the
micelles. The curve shows that the solubility of the phenol is directly
proportional to the concentration of the surface-active agent and that the
solubility limit is reached at a molar ratio of phenol to surface-active
agent of about 1-9:1.

2. Evidence is given, based on the ultra-violet absorption spectra of
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chloroxylenol in cyclohexane and in a solution of polyethylene glycol 1000
monocetyl ether, that hydrogen bonds are formed between the phenolic
hydroxyl groups and the ether chains of the non-ionic surface-active agent.

3. Itis suggested that a hydrogen-bonded complex of the phenol, sur-
face-active agent and water is precipitated at the limit of solubility due to a
reduction in the hydrophilic character of the micelles.

The authors thank Dr. H. S. Bean for help which enabled them to
undertake this work. The polyethylene glycol 1000 monocetyl ether
was kindly given by Glovers (Chemicals) Ltd.
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DISCUSSION
The paper was presented by DR. B. A. MULLEY.

MR. J. W. HADGRAFT (London) wondered whether the formation of
complexes accounted for the loss of activity of phenols in the presence
of non-ionic surface-active agents, because possibly the affinity of the
phenol for oxyethylene compounds was greater than its affinity for bacterial
protein. Further, if the complex formation were concerned only with
the oxygen in the ether chain of the surface-active agent, it should be
possible to demonstrate the formation of complexes between phenols and
the simple polyethylene glycols.

Dr. L. SAuNDERS (London) said that his own work on the critical
micelle concentration of non-ionic surface-active agents confirmed the
conclusions of the authors. He suggested that some diffusion measure-
ments might help in elucidating the structure of some of those complexes.

MR. J. H. OakLEY (London) asked whether there was the same sup-
pression of bactericidal activity if the proportion of non-ionic surface-active
agent to chloroxylenol was increased over the minimum necessary for
solubilisation as in the case of formulations with soap. It was well
known that if more soap were put in the solution than was necessary
a lowering of bactericidal effect occurred. Did the authors feel that the
non-ionic approach to chloroxylenol presentation would overcome some
of the incompatibilities which ionic formulations gave ?
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Dr. B. A. MULLEY, in reply, said that the object had been to try to find
out whether chloroxylenol associated with non-ionic surface-active agents.
No work had been done on the activity of such solutions. There had
been a suggestion in the literature that phenols and glycols formed com-
plexes in solution, but there was a difference compared with the alkyl
substituted polyethylene glycols because the complex which separated out
was not solubilised by the addition of further glycol, and that made re-
lationships completely different from the surface-active agents. He agreed
that diffusion measurements might behelpful. Thesolubility curve method
used was not sensitive enough at the very low concentrations which were
probably necessary to show the critical micelle concentration. 1t might be
that a high concentration of non-ionic surface-active agent in excess of that
needed to solubilise phenol might well give lower activity. The ratio of
non-ionic surface-active agent to phenol was obviously important.
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