THE ROLE OF DISULPHIDES AND MERCAPTANS
- IN HAIR CHEMISTRY '

By J. L. STOVES, Pu.D., M.Sc., FRIC*

APART from a small amount of

methionine, the whole of the sulphur -

present in Kkeratin . fibres can be
accounted for as cystine, the. dis-
position of this amino-acid within
the fibre being such as to form a
bridge between peptide chains :
~ >CH.CH,.S.S.CH,.CH<

"~ Many estimations of - the sulphur
content of keratin fibres have been
. made and it is now definitely estab-
lished that different animal fibres
contain varying amounts of sulphur.
Neglecting differences due to histo-

logical - variations, the significance .

of which has been discussed else-
‘where,:* variation in the sulphur
content of hair from the same species
is now regardéd simply as indicating

variation in the number of cystine .

disulphide - linkages between the
peptide chains. Anargument against
the 'pkesence “of such. linkages. in
“keratin_has been based on the fact
that chemical reactivity of protein
sulphur is much greater than that of
sulphur in free cystine. - As already
indicated,® however, this increased
reactivity of protein sulphur can be
readily understood in view of the
nature of the groupings attached to
the cystine linkage in hair.

* Chemical Consultant.
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“has long centred round the possibilit

in Paris, Hermann, Sulzberger an

- a wetting agent of the sodium ary

. via the hair follicles, passage throu

CYSTINE ‘AND HAIR GROWTH

Since keratin contains a relatively
high percentage of cystine (c. 15 per .
cent in human hair) it has been
suggested, from time to time, that
hair growth would be stimulated by
supplying to the diet preparations .
rich in sulphur and cystine.  Very
conflicting results have been obtaine
when this form of therapy has bee
applied to human beings. Difficul
ties of experimental technique apart
the fact that cystine or sulphu
deficiency is ‘only one of sever
possible causes of poor hair growt
goes far to explain these variabl
results.: In the cosmetic field interes

of stimulating hair growth by exter
nal application of the essential con
stituents - of keratin. - Recent worl
on cutaneous absorption, e.g., Valett

Baer in U.S.A., has shown that und
certain conditions'‘penetrasols’ base
on propylene glycol, xylol, an hydr
tropic substance like antipyrine an

alkyl sulphonate types make
possible to convey the most vd;ié
substances through the epidermi
Penetration in all cases takes pla



the walls of which occurs in the
egion below the level of the kera.-
inised layer.

- Colloidal sulphur dxssolved in 011 is
another substance which is readily
absorbed; - liposolubility - being
ssential for penetration of substances
hrough the. layer of sebum lining
he hair follicle.

'nutrients’’ is concerned, therefore,
his work opens up .an interesting
eld for investigation. : There. still
emains the question .of assimilation
f penetrants by. the hair papilla,
ind here in particular there is room
or.. strictly” controlled :experiment,
ossibly ‘using radioactive isotopic
markers.  In this connection labora-
ory experiments  have ' already
hown that methionine can replace
he ' dietary cystine mnecessary for
rowth of the rat; and.can provide
~‘the sulphur which appears as cystine
“inkeratin.* Toennies® suggested that
- conversion  of methionine to cystine
~ probably proceeds through the form-
~ation of a methyl sulphonium deriva-
_ tive of S-(B-amino-B-carboxyethyl)-
. homocystine by - direct: coupling of
~“methionine with serine.* This methyl
ulphonium- derivative, by elimina-
ion -of methyl alcohol and ‘subse-
quent cleavage would yield cysteine.
- The unsymmetrical thio-ether cysta-
- thionine which is the second stage in
“ - the Toennies mechanism, was pre-
-~ pared by Brown and du Vigneaud®
- and shown to be split 4» vivo pre-
" ferentially to cysteine. The follow-

" ing year cysteine was also ‘shown to"

be formed when homocysteine and
- serine were added i vitro to liver
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S0 far - as . penetration - of .hair -

- and

* ditions - is- desirable.
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slices- under anaerobic  conditions,
and the isolation by Stettin of
cysteine containing a' high concen-
tration of nitrogen isotope from the
tissues of rats fed on serine containing
N5 added further confirmation to.
the theory.  Kilmer and du Vig-
neaud’ later prepared dl-methionine
containing -an excess of the- stable
isotopes S** and C*, the latter in the
B and y positions. 'When this was
fed to rats the isotopic-rétios in the
cystine isolated from ' the fur indi-
cated that 80 per cent approxim-
ately of the sulphur, but no signifi-

cant amount: of - carbon; “from the

methionine found' its way into the
cystine. ~ This observed transfer of -
sulphur  agreed with the previous
demonstration® using radioactive S*s,
it appears, ' therefore, ' that
methionine provides its sulphur, but
none of its carbon for the synthe51s
of cystine n vivo. : :

-So far as the forrnulatlon of hair
dressings “ and- brilliantines. is' con-
cerned it is true to -say that ‘more

‘precise information- on' cutdneous’

absorption and assimilation of amino-
acids and sulphur compounds in
normal and pathological scalp’con-
Nevertheless,
at the present time the incorporation
of keratin hydrolysates, methionine
or.colloidal sulphur in such lotions
seems to be amply ]ustlﬁed on
empirical grounds.

The cystine disulphide linkages of
hair appear to be formed mainly
during the process of keratinisation.
Throughout the lower regions of the
hair follicle where the fibre is
actively growing, cortical cells are

171



JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS

polygonal and = non-birefringent,
while chemical tests show that the
sulphur of the protein is present
mainly as thiol (-SH) residues. In
the shaft of the extruded, fully
keratinised fibre, however, cortical
cells are elongated, dehydrated, show
birefringence which is indicative of
molecular orientation and crystal-
linity, while -the sulphur is chiefly
in the form of Cystine disulphide
linkages bridging adjacent - poly-
peptide chains. This formation of
disulphide linkages by oxidation of
thiol residues is catalysed by copper,
a reaction which has been studied in
some detail in the sheep. The new
linkages' confer considerable stability
upon the fibre, which, in the fully
keratinised state, has been likened
to a vulcanised protein. Neverthe-
less, - under certain conditions the
cystine linkage exhibits marked
reactivity, a fact of some significance
in. cosmetology where on occasions
this reactivity is a desirable feature,
e.g.,in permanent waving and depila-
tion, while at other times, e.g., during
shampooing, bleaching and dyeing,
the aim should be to cause only the
minimum of - cross-linkage - break-
down. Various academic and techni-
cal aspects of this reactivity w111 now
be considered.

ACTION OF ALKALIS

For some time there was consider-

SH 0 SH OH
| I f [

I x
CH .CH.C.OH=CH,.C : C. OH =H,S 4+ CH,: C.C. OH—>CH CO COOH

| l

NH, NH,
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sulphides with

able uncertainty as to the nature of
the reaction occurring between cys-
tine disulphides and alkalis. . As
early as 1906, Fromm suggested
simple hydrolysis leading to the
formation of sulphenic acid and
mercaptan :
R.CH,S.S.CH,R—~R.CH,SOH - +
HS.CH,.R.
Bergmann and Stather,® however,
treated dialanyl cystine dianhydride
with sodium hydroxide and sodium
ethoxide in alcoholic solution and
obtained hydrogen sulphide, sulphur
and a methylene diketopiperazine, -
which immediately polymerised, but
which appeared to be identical with
that obtained by the action of alkali :
on glycyl and alanyl serine. In hot
alkaline solution cysteine and cystine
break down to- yield ammonia and
pyruvic acid, sulphide also being
formed. Nicolet1, from a considera-
tion of the reaction of B ketomc
alkali
R.CO.CH,. CHR.S.R :
- =R.COH)CH:CHRSR =
RCOCH:CHR + RSH, -
suggested  that the alkaline decom-.
position. of cysteine takes the course,
indicated below. ,
- Support for this view was given b
the synthesis of cysteine derivatives:
from mercaptans and " unsaturated‘
azlactones or the correspondmg ope
chain esters.
Meanwhvle during a study of th

0

]



xidation of dithiodiglycolli¢ acid in
lkaline solution, Schober]l and Wies-
er'?isolated thioglycollic acid, oxalic
cid - and hydrogen sulphide. - On
pantitative grounds they concluded
hat a primary hydrolysis of the
isulphide had occurred with forma-
ion" of thioglycollic acid and a
“sulphenic -acid.. Decomposition of
k he sulphenic acid might then occur
‘one of two ways:

';'7RCH S.OH - RCH,SH +
s R.COOH + H,S
.CH,S.0H -~ R.CHO + H,S
From 1933 onward Schéberl e al.
studied the reaction of many disul-
_phides, and in 1939 Schéberl and
Rambacher concluded that all cys-
tine derivatives are decomposed by
‘alkali into thiols and sulphenic acids.
Subsequent reactions might involve
liberation of hydrogen sulphide from
thiol, if labile, or from the sulphenic
acid to leave methylene and alde-
hyde groups respectively. The sul-
phenic acid might also give off sul-
phur leaving an alcohol. These
reactions are summarised in the
following equations : '
R.CH,.CH,.SH—> R.CH:CH, +
2RCH S.OH - R.CH,SH +
S R.COOH + H,S
. RCH,SOH — RCHO + H,S
© RCH,SOH — RCH,OH +S§
: Such a view explains the results of
~“both the Bergmann and Schoberl
--schools and throws considerable
. light on the action of alkalis on
. keratin. Earlier work by Marriott
‘and by Speakman suggested that
" in the case of hair the secondary
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reactions taking place after the
initial * disulphide hydrolysis can,
under certain conditions,: give rise
to .the formation of new, stable
linkages between the- polypeptide
chains.  In a study of the effect of .
pH on this rebuilding,  Stoves?z,s
showed that at 35° C. only a small
number of new bonds are formed in
hair treated for 24 hours with alkali
at pH values less than.10'5. - Above
this pH, solutions - give . rise " to
sufficient rebuilding to prevent super- -
contration of . the hair .in boiling
bisulphite solutions. This investiga-
tion also clearly showed that the new
linkages are of two types, one. of
which is stable to boiling for 4 hours
in. N[10 hydrochloric: acid. - The
isolation of lanthionine HOOC.CH
(NH,).CH,.S.CH,.CH(NH,).COOH
by acid hydrolysis of wool which had -
been boiled for an hour in 2 per cent
sodium carbonate - solution, estab-
lished the presence of a sulphide
linkage as the acid stable.type, a
possibility originally suggested by
Speakman and -Whewell:®s . The
mechanism of formation is not
known, but in view of the observa-
tion . by Nicolet and. Shinn®' that
under the influence of alkali, serine
may be converted to dehydroalanine
which can react: with benzyl mer-
captan to give the  compound
CH,.CH,.S.CH,.CH(NH,).COOH, it
is p0551b1e that an alcohol residue
formed by loss of sulphur from
sulphenic acid, loses the elements of
water to form combined amino-
acrylic. acid which combines with a
thiol residue to give a sulphide
linkage : :

-
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>CH.CH,S.OH .

.= S5 4 >CH CH OH

- >C CH.+H 0
_ '+ HS.CH, CH <
>CHCH SCH-, CH<:
Alternatively, the new. hnkage may
be -formed - by loss of hydrogen
sulphide from thiol groups, followed
by an addition reaction between the

>C: CH, groups so formed -and

other ‘thiol ‘residues. .- Phillips’ and

Cuthbertson” have suggested that

the . sulphenic acid, formed by. the
initial hydrolysis. - of " the -cystine
linkage, decomposes ‘to form. com-
bined - amino-acrylic. ‘acid ~and a
hypothetical dihydrogen sulphoxide.

The amino-acrylic -acid.. residue. is -

then thought = to .combine with a
thiol - group, :while ' the sulphoxide
forms' a more comiplex - inorganic
sulphur ' compound, or . decomposes
_-into water and ‘sulphur.

~The second type of linkage result-
ing from the action of alkali- on hair
- is believed to be of the type —N:CH—
arising by condensation of an amino
group with .an-aldehyde formed by
- loss of hydrogen sulphide from a
sulphenic acid residue. . Evidence
_supporting . this hypothesis is de-
scribed - in..detail - elsewhere.!® .. The
- final result obtained on treating hair
with alkali, therefore, is determined
by .-the magnitude -of the primary
disulphide hydrolysis, together with
the extent to which ' the " various
secondary reactions have taken place
which in ‘turn: is determined by the
time of treatment, together with the
temperature;: concentration and- pH
of the solution.used. Accordingly,
it seems reasonable to conclude that

~
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‘keratin is characteristically resistan

in the older methods of high tempera-
ture permanernt waving using alkaline
assistants; the. chemical mechanism
involves formation of Ianthlomne
and-.Schiff’s. base type of lmkages
rather. than —SNH= bonds..- This
subject is at present under examina-
tiorrin the author’s laboratory. .-

- ACTION OF REDUCING AGENTS

According to Fruton and Clarke'®
the interconversion of “cystine to »
cysteine is a thermodynamically
reversible process, ‘the redox poten- -
tial of which is apparently character- "
istic of the general system : :

" RSS.R. +2H - 2R.SH
a'nd’ is independent of the "grdup R

- Reduction’ of cystine to cysteine
can be eﬁected in acid solution by -
means of tin or zinc, while iri neutral »:
or alkaline solution an excess of a
second thiol compound, e.g., thio-:
glycollic acid, may be used for:
reduction of the’ d15u1ph1de lmkage'
in. ‘proteins:

RSSR +2RSH——> 2RSH +.

: - _R'SS. R
Thxs reactlon analogous to that
between thiophenol and 2-2’dinitr
diphenyl - disulphide - studied .'b
Lecher in 1920, was used in the éarl
1930’s by du Vigneaud and b
Goddard and Michaelis for reducin
the disulphide - linkage of protein
such as hair, wool and feathers. “In’
passing it is of interest.to note th

to enzymolysis, but .when the poly:
peptide chains: of wool or hair are
freed by reduction of the disulphid

linkages, = the protein is : rapidly,



ituent amino-acids. ‘Hair medulla,
hich. has few if any .disulphide
nkages, is, on the other hand, read-
y-digested by trypsin. . -Recently,
owever, it has been shown: that
eatment of fibres with reagents

ew, non-sulphur containing linkages
the medulla can render these cells
ompletely resistant to tryptic diges-
on.® Stabilisation of disulphide
linkages can be achieved by thiogly-
collic - acid reduction followed by
kylation with dihalides.?

‘A further form of disulphide link-
age reduction is that brought about
by the action of sulphltes and bisul-
phites??

'?RSSR + Na280,—> R.S.Na +

'RSSR + NaHSO, - RSH
L Na0.50,.SR.

'The sodium-S-cysteine sulphonate is
unstable  and - decomposes - when
warmed with acids to give sodium
‘bisulphate and cysteine, while alkali
.gives - sodium bisulphite and sul-
‘phenic acid. - Human hair fibres
‘treated with bisulphite-sulphite solu-
tions: pH 3-11 ‘at -22:2° C. showed
maximum weakening at pH4'5 and
11.»° " 'When - the extent of cystine
linkage breakdown is not excessive,
loss in resistance to extension of
bisulphite treated hair can be com-
Pletely restored by after-treatment
with - aqueous solutions of - benzo-
quinone, or formaldehyde pH8. This
restoration results from formation
of new linkages by reaction of the
quinone with thiol and amino groups,
. as well as from re-formation of
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ydrolysed by trypsin into its con-:

Na0.50,SR.
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cystine linkages by a partial reversal
of the original dlsulphlde break-
down.®* = ..

The work of Phllhps et al *.on the
action of bisulphites on wool sug-
gests that the disulphide linkages
are not all equally reactive, and the
view has been expressed that the
combined cystine of wool can.be
divided into-: four. subfractions,
termed A, B, C, and D differing under
certain experimental conditions in
their rate and mode of reaction with
sodium bisulphite: and thioglycollic
acid.  These differences in reactivity
may arise from differences in side-
chain environment, fraction (A-+B)
being -.associated - with polar side- -
chains, whereas (C+D) is associated

~with non-polar sxde-chams

MERCAPTANS As PW,
ASSISTANTS

- Reduction of cystine disulphide
linkages by means of sulphites or
thiol compounds is' of immediate
interest to the hair cosmetologist
owing to the use of these materials
in permanent waving, while certain
thiols find further use as depilatories.
Practical factors governing the use
of alkalis, -sulphites and mercaptans
as waving assistants have recently
been discussed®* and in view of the

.ever-growing use of thiol compounds

in cold waving it seems desirable to
limit the present consideration to
this group. The predominance of
high temperature waving up to the
time of the 1930’s was not due to lack
of attempts to develop cold waving
methods, but rather to an unfortun-
ate choice of chemical - reagents.
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Alkaline assistants such as borax,
carbonates, phosphates, ammonia or
ammonium salts, in the concentra-
tions used for high temperature
waving were not satisfactory at lower
temperatures unless used for long
periods ranging from 4 to 24 hours.
Attempts to use solutions of greater
concentration resulted in excessive
damage to the hair.  Obviously then,

a waving mechanism not depending

on initial disulphide linkage hydroly-
sis is required for cold waving, and
an indication of the correct approach
was obtained when ammonium hy-
drogen sulphide, which brings about
keratolysis by reduction of cystine
linkages, proved to bea more speedy
reagent..  The malodorousness of
this material, however, resulting
from liberation of hydrogen sulphice
by hydrolysis proved a serious dis-
advantage. - Moreover, sorption of
- sulphide by hair gave rise to a-dis-
agreeable odour whenever the hair
was re-wetted, while continued reduc-
tion of cystine linkages caused relax-
ation -of the. hair fibres so that
the wave became less tight with
each re-wetting.” As already indi-
cated, work in the biochemical and
textile fields had demonstrated the
use of mercaptans for reduction of

the disulphide linkage in scleropro-.

teins, and in 1940 cysteine hydro-
chloride at a pH not less than 10
formed the ‘basis of a patent speci-
fication.® - 'While “of considerable
theoretical interest this process does
not appear to have received any wide
application, probably owing to the
fact that the material is costly, the
solution is unstable, leaves a dusty
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thio-acids possess .depilatory pro

deposit on the hair, and although
the hair is well waved it is very dull.=
McDonough,* in a U.S.P. specifica-
tion filed in 1941, but not granted
until 10 years later, then showed
that satisfactory cold waving could
be obtained using mercaptans of
general formula R.SH, where R is
an organic group such as ethyl or
benzyl, in solutions of 1-10:per cent
concentration and pH7-9'5. More-
over, substitution in the alkyl or
aryl radical gave products with less

‘objectionable odours. Such substi-

tuent groups may be polar (acidic ;
or basic) or non-polar. For example : -
(1) Carboxyl or sulphonic acids, =
nitro, chloro or halogenated groups.
(i) Primary, secondary or tertlaryik
amino groups. : ¢
(iti) Alcohol, aldehyde, keto, estet -
or ether groups.
In general, the polar compounds
containing a carboxyl group give
excellent waving results when used’
in the form of the ammonium salts.
It has been found, however, that the -
corresponding sodium and potassium
salts, even in ammoniacal solution
are much less satisfactory, and th
same applies to ethanolamine salt
As will be considered in detail late
alkaline earth salts of certain of these

perties, e.g., calcium thioglycollat
In the case of mercaptans containin
water' solubilising non-polar group
such * as. glyceryl mono-mercaptan
it is interesting, in view of presen
developments in one solution ' col
waving methods, to note that M
Donough states that the removal o
mercaptan is so complete by wate



alone that  excellent non-relaxing
waves can be obtained without need
or.additional fixing or setting
Tinses. . .

The materials are used in concen-
rations of 3 to 8 per cent, the speed
of waving increasing with concentra-
ion up to 15 per cent. By varying
He concentration of mercaptan the
necessary - practical adjustments of
waving speeds can be made to suit
different ~ systems . of hot . or cold
waving as well as different types of
r.:: Treatment can be carried out
n: aqueous solutions of- pH7 up
0 but %ot including 10, but in prac-
ice -it is- found desirable not to

n which it is possible to wave the
hair is too short. Optimum. alka-
inity is pH9-2-95. In cold waving
areful pH control is essential, speed
of waving increasing with pH of the
hiol solution. - So far as pH regula-
ion is concerned McDonough states
that while all alkaline materials are
“satisfactory, bases with a dissocia-

preferably about 10-5 are much less
destructive - in action.. For cold
. waving,. volatile bases such as am-
monia, methylamine or ethylamine
.are preferable to non-volatile alkalis

Ammonia, in particular, is outstand-
© ing in its advantages since its odour
~ blends  pleasantly . with that of
“ mercaptans, the ionisation constant
- 1s satisfactory, and between pH 7-10
-1t is relatively non-irritating to the
-skin.  These basic U.S. patents,

_ . patent applications in other coun-
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xceed pHO'5, otherwise the time

= tion constant less than 5 'x - 10-*and:

since the former give tighter waves.

- together with 22 similar patents and-
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tries, cover the use of mercaptans in
cold “waving - and have recently
resulted in the issue of world~w1de
licensing agreements.
Thioglycollates are the mercap-“
tans most widely used, and formu-
lated with resin dispersions produce
cloudy or opaque cold wave prepara-
tions. - Recently,® it was suggested
that 003 to 05 per cent lanette

‘wax SX or cetyl alcohol, distilled

water and wetting agent (secondary
sodium alkyl sulphate or alkyl aryl
sodium. sulphonate)  be emulsified:
inthe usual way and after cooling
to ‘Toom temperature, thioglycollic
acid and ammonia be added. =
Since "early in 1949 - thioglycerol
has been widely used.for home
waving in France. Prepared as a
20 per cent solution from glycerol
monochlorhydrin and sodium hydro-
sulphide, it is sold to the public as
5 per cent thioglycerol and 15 per
cent ammonia.?” This solution of
pH 105 gives excellent waves, the
setting time being at most 2 hours
and even with difficult hair the waves
last 6 months” For: saloon use,
however, the speed of waving is too
low, -and * while good = results " are
obtained at high temperatures, liber-
ation of hydrogen sulphide makes
the process impracticable. Instabil-
ity of an.ammoniacal solution of
thioglycerol necessitates addition of
ammonia to the mercaptan solution
immediately before use, which is a
further manipulative disadvantage.
Morelle®®. has, therefore, developed
the use of thiolactic acid, formed by
reaction of «-chloropropionic acid
with sodium hydrosulphide, followed
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by acidification of the alkaline
thiolactate, extraction and :distilla-
tion. Ammonium thiolactate is

claimed to be non-toxic under.nor-'

mal use, furthermore, it reduces
cystine disulphide linkages, but does
not give rise to any appreciable fibre

swelling, so that damage to the hair

is minimal. Finally, it is stated that
the wave produced has a strikingly
natural appearance, and the hair .is

supple and glossy without the use of

auxiliary -agents.- »
In view of the early use of ammon-
ium hydrogen - sulphide - for cold
waving it is interesting to note that
some two years ago an Austrian
patent®* claimed the use of 5 to
15 per cent monomethanolammon-
ium sulphide pH 9-11, followed by a
finishing rinse containing an oxidising
agent. The reagent is stated to
give good results with bleached and
porous hair, while the odour is
reported to be less unpleasant than
that of the thioglycollates.  Informa-
tion -on relative toxwlty, however
was not given.
*.Until compara.txvely recently, cold
waving - involved the. use of  two
solutions,  the - thioglycollate. being
followed by ‘a- ‘‘neutraliser’”” whose
function ‘is to remove’ excess mer-
captan by oxidation to disulphide.
At the same time depression of the
fibre swelling resulting from treat-
ment with thioglycollate occurs to a
variable extent, while rebuilding of
cross-linkages can . increase. fibre
stability. . Where the initial reduc-
tion process has. caused appreciable
modification of the hair it is impor-
tant that rinsing should- be thor-
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. hexametaphosphate.

‘a wetting agent) have also been put

oughly carried out in order to allow
these last two reactions to. occur,
otherwise the hair ~will remain
permanently damaged. Solutions
of hydrogen peroxide, acidified with
organic acids, such as tartaric, citric
or acetic have been used, ‘the acid
peroxide oxidising the thioglycollate
without bleaching the hair pigment.
The amount and nature of the acid
used in the oxidising rinses  are
factors exercising considerable influ-

"ence on the efficiency of oxidation,

citric acid, for. example, being an
acid to avoid.®* ‘A second type of .
oxidising agent is based on solutions *
of ammonium, alkali or alkaline :
earth iodate or bromate, potassium
bromate in particular having wide-
spread use in home permanent .
waving kits. - Several cases of acci-
dental or suicidal ingestion of such
bromates have drawn attention to
the potential dangers of these mater-
ials, and one . manufacturer has
replaced bromate by the much less ™
toxic sodium perborate and sodium
‘a-keto acids :
such. as pyruvic ~or benzyl formic
acids (15 to 2 per cent, together with

forward as alternative rinses.®

Recently, cold waving solutions
which do not require a ‘‘neutraliser’’:
have appeared on the ‘British and
U.S. markets. - The method of Beste
and Reed’* replaces the oxidising
rinse by atmospheric oxidation cata-
lysed by  soluble salts of . copper,
manganese . or ‘iron, applied as-a
preliminary rinse or in the waving:
lotion. Advantages claimed for this.
process are better control of th




educmg reaction, . mlmrmsmg of
njury risk, and avoidance of bleach-
ng. . This development opens up a
ew field of investigation for the
anufacturers of permanent waving
“solutions, possible lines of approach
‘to which have been considered
elsewhere 2

REDUCING AGENTS As '
DEPILATORIES

"‘Alkaline reducing agents con-
stitute an important group of depila-
tories, calcium and strontium sul-
phides being long-established mater-
ials.” In ‘aqueous solution these
compounds are hydrolysed to give
hydrosulphide and hydroxide, the
atter playing an important role in

2CaS + 2H, O— Ca(HS), + Ca(OH),
Hydrosulphide reduces the cystine

n the presence: of alkali, swelling
and softening of the fibre takes place,
50 that after 4 to 5 minutes’ treat-
ment with a correctly formulated

rom the skin with a damp cloth.
- Alkaline solutions of mercaptans,
-such as benzylmercaptosulphonic
‘acid or ethyl mercaptoaniline have
. been patented as depilatories,*s while

. of several nationally advertised pro-
ducts.
> 1n two crystalline forms correspond-
e ing to the formule
(SH CH.,.COO),Ca -
" 5.CH,.COOCa.
[

and
3H 0

The second form is preferable owmg
- to lack of odour and absence of unde-
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maintaining the solution near pH 12. -

lisulphide linkages of keratin and

~ inhibition of drying out.
- matters, “however, fall outsrde the

_depilatory the hair can be wiped

~calcium thioglycollate®s is the basis .

Calcium thioglycollate exists.

DIS,ULPHIDES AND MERCAPTANS IN HAIR CHEMISTRY

sirable effects on perfumes.?? It is
used in concentrations of 4 to 10 per
cent, the commercial products being
brought to pH 12 by inclusion: of
free lime. ‘Depilation times are of the
order 5 to 10 minutes. Addition of
pro-oxidants such..as the solable.
salts of copper, manganese and iron
is stated to give better and safer
thioglycollate depilatories. 4. All the
products described so. far .have
functioned in an alkaline medium of
about pH 12, but a departure from
‘this general class has been described
in the Demuth patent which uses
guanidine thioglycollate or’ calcium
thioglycollate and guanidine, the

#H of the reagent being kept below
10 by hydrazine sulphate.s. _

In conclusion, ‘it ‘remains to 'say
that formulation of depilatories is

beset with many difficulties, such as

the choice of a satlsfactory filler,

“selection of a suitable perfume the_ '

prevention of separation and the
These

scope of this dlscusswn
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