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THE ROLE OF DISULPHIDES AND MERCAPTANS 
IN HAIR CHEMISTRY 

By J. L. STOVES, ProD., M.Sc., F.R.I.C.* 

ArAsT from a small amount Of 
methionine, the whole of the sulphur 
present in keratin 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.CH2.S.S.CH2.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 regarded simply as indicating 
variation in the number of cystinc 
disulphide'linkages between the 
peptide chains. An argument against 
the presence 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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CYSTINE AND HAIR GR0W•H 

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"/i 
hair growth would be stimulated by 
supplying to the diet preparation'sil/il 
rich in sulphur and cystine. Very:i;f i 
conflicting results have been obtained 
when this form of therapy has been 
applied to human beings. Difficul- •.! 
ties of experimental technique 
the fact that cystinc or sulphur'•(• 
deficiency is only one of several•:i •;; 
possible causes of poor hair growth-i 
goes far to explain these variables: 
results. In the cosmetic field interesC!: 
has long centred round the possibilit71'i 
of stimulating hair growth by exter•: 
nM application of the essential con.-: 
stituents of keratin. Recent work•i:i• 
on cutaneous absorption, e.g.,Valett• ; 

in Paris, Hermann, Su!zberger 
Baer in U.S.A., has shown that unde• • 

t ,, certain conditions' penetrasols based 
on propylene glycol, xylol, an hydr02:i! 
tropic substance like antipyrine 
a wetting agent of the sodium ary 
alkyl sulphonate types 
possible to convey the most vari'•d! 
substances through the epiderm!•: 
Penetration in all cases takes pla6 
via the hair follicles, passage throug] 
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"•c/)•?the walls of which occurs in the 
below the level of the kera- 

tinised layer. 
i,•:•!i.'i•:::... Colloidal sulphur dissolved in oil is 
?!:another substance which is readily 
'??:!ii :absorbed, liposolubility being 
i?:):?i'essential for penetration of substances 

i!•11through the layer of s&bum lining 
:ii.i:.iithe hair follicle. 

?•:!i:•':•'!:i'::•:':So far as penetration of .hair 
ß •::•::::-:½ nuthen s •s concerned, therefore, 

':-:•:•:i•('i!!ithis work opens up,an interesting 
?:!field for investigation. There still 
:!i!:.;.i',remains the question of assimilation 
?:0f penetrants by the hair papilla, 
ili:i::'and here in particular there is room 
:!117: 'for str/ctly' controlled-experiment, 
:;?!!::Possibly using radioactive isotopic 
'•?11:!markers. In this connection labora- 

(ii;•:;?tory experiments• have already 
!•,?:::'shown that methionine can replace 
,i.;!;::(!:•the dietary cystine necessary for 
:i?growth of •he rat, and can provide 
:!?':. !.•he sulphur which appears as cystthe 
:}! !::"in keratin? Toennies* suggested that 

conversion of methionine to cystine 
.i.!?i ;' Probably proceeds through the form- 
ii::.: i etlon of a methyl sulphonium derive- 
i;-'::::: •ive of S-([•-amino-[t-carboxyethyl)- 
.i:i/:/:(homocystine by direct. coupling of 
':'•' methionine with serine. ': This methyl •:: 

•-:'::' sulphonium derivative, by elimina- 
:::.?;•.tion. of methyl alcohol. and subse- 
';*,;: :'quent cleavage would y/eld cysteine. 
?:: i": The.unsymmetrical thio-ether cysta- 
:?: thionine which is the second stage in 
::::'. the Toennies mechanism, was pre- 
!?:':pared by Brown and du Vigneaud' 
ß i::: and shown to be split in vivo pre- 
::::.:.: ferentially to cysteine. The follow- 

,, 

ß ing year cysteine was also :shown to 
be formed when homocysteine and 
serine were added in vitro to liver 

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 
N" added farther 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 
[• and •, positions. When this was 
fed to rats the isotopic ratios in the 
cystine isolated from •he 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 '•, 
and it appears, therefore, -that 
methionine provides its sulphur, but 
none of its carbon for the synthesis 
of cystine in vivo. 

So far as the f. ormulation of hair 

dressings and brilliantines is con- 
cerned it is true to say that more 
precise information on cutaneous 
absorption and assimilation of amino- 
acids and sulphur 'compounds in 
normal and pathological scalp con- 
ditions is desirable. Nevertheless, 
at the present time the incorporation 
of keratin hydrolysates, methionine 
or• colloidal sulphur in such lotions 
seems to be' amply justified 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 
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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 fiystine 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 depilao 
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 will now 
be considered. 

ACTION OF ALKALIS 

For some time there was consider- 

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 ß 
R.CH,.S.S.CH ,.R-•R.CH •.SOH 

HS.CHo_.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 :::ill 
on glycyl and alanyl serine. In hot 
alkaline solution cysteine and cystine 
break down 'to yield ammonia and 
pyruvic acid, sulphide also beingii!• 
formed. NicoleO o, from a considera-i::) 
tion of the reaction of •-ketonic'?i'i 
sulphides with alkali 

R.CO.CH,. CHR.S.R 

suggested that the alkaline decom•?i• 
position of cysteine takes the course}:-•, 
indicated below. 

Support for this view was given 
the synthesis of cysteine 
from mercaptans and unsaturated;!•i! 
azlactones or the corresponding open??• 
chain esters. 

Meanwhile during a study of 
SH 0 SH OH 0 
CH,.CH.C.OH •-CH,.C ß C.OH •H,S q- CH, ' C.C.OH-+CH.,.CO.COOH ' ::!';•: 
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::E•::i!?Oxidation of d•thtod•glycollid acid in 

:•:i::i•alkahne soluhon, Schoberl and W•es- •'•:J•:•!•'?" nern isolated thioglycollic acid, oxalic 
...... and hydrogen sulphide. On 

uantitative grounds they concluded 
a primary hydrolysis of the 

had occurred with forma- 

on of thioglycollic acid and a 
acid. Decomposition of 

sulphenic acid might then occur 
•n one of two ways ' 

.S.OH --> R.CH,.SH q- 
R. COOH + H•S 

R.CH,.S.OH-> R.CHO + H,S 
1933 onward SchSberl et al. 

the reaction of many disul- 
and in 1939 Sch6berl and 

i:Rambacher concluded that all cys- 
:i'tine derivatives are decomposed by 

•i::il (alkali into thioIs and sulphenic acids. 
i?/ Subsequent reactions might involve 
?'?'i'iiberation of hydrogen sulphide from 

thiol, if labile, or from the sulphenic 
ii:.:!•acid to leave methylene and aide- 

hyde groups respectively. The sul- 
?::!! Phenic acid 'might also give off sul- 
'i.!!':;i'phur leaving an alcohol. These 

reactions are summarised in the 

following equations: 
R.CH,.CH,.SH->- R.CH ß CH, + 

H•S 

-+ R. CH•.SH q- 
R.COOH q- H•S 

R.CH•.S.OH -> R. CHO q- H•S 
R.CH•.S.OH -> R.CH•.OH q- S 
Such a view explains the results of 
both the Bergmann and Sch6berl 
schools and throws considerable 

light on the action of alkalis on 
keratin. Earlier work by Marriott 
and by Speakman suggested that 
in the caõe of hair the secondary 

DISULPHIDES AND MERCAPTANS IN HAIR CHEMISTRY 

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•', • 
showed that at 35 ø 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 boihng 
bisulphite solutions. This investiga- 
tion also clearly showed that the new 
linkages are of two types, one of 
which is stable to boihng 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? 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 
C•H•.CH •.S.CH •.CH(NH •).COOH, it 
is possible that an alcohol residug 
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 
-+ S q- > CH.CH •.OH 

-+ >C: CH, q- H,O 
• . + HS.CH,.CH< 

> CH.CH,..S.CH,.CH < • . 
Alternatively, the newAinkage•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 complex 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 aidehyde formed by 
loss of hydrogen sulphide from a 
sulphenic acid residue.. Evidence 
supporting this hypothesis is de- 
scribed'in detail elsewhere2' 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 

in the older methods of high tempera- 
ture permahent waving using alkaline 
assistants, the. chemical mechanism 
involves'formation of lanthionine 
and Schiff's base type of linkages 
rather than '-SNIt-'. bonds. This 

subject is at present Under examina- 
tion in the author's laboratory. 

"ACTION OF REDUCING AGENTS 

According to Fruton and Clarke •s 
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- 
. R.S.S.R. q- 2H -+ 2R. SH 
and is independent if the group R. 
•'Redu.ction' of cystine .to. cYsteine 
can be effected in acid solution by 
means of tin or zinc, while in neutral 
or alkaline solution an excess of 
second thiol compound, 'e.g., 
glyc011i•' acid, may be used 
•eduction of •he"disu•phide'linkage 
in. proteins' ' ' •.' . 
R.S.S.R. q- 2R'SH--> 2R.SH q- 

This reaction, analogous .to that?i 
between thiophenol and 2-2'dinitrø'::•i 
diphenyl disulphide studied 
Lecher in 1920, was used in the earl?½i• 1930's by du Vigneaud and bY!i 
Goddard and Michaelis for reducingl 
the disulphide linkage of proteinS:i 
such as hair, wool and feathers. In: 
passing it is of interest. to n6te that 

, o .... kerahn •s charactenstmally res•stan.,•.•i 
to enzymolysis, but when the polyX;i;;• 
peptide chains' of. wool or hair 
freed by'reduction of the disulpkid! 
linkages,- the.' protein is. rapidl• 
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hydrolysed by trypsin into its con-, 
nt amino-acids. Hair medulla, 

has few if any, disulphide 
is, on the other hand, read- 

digested by trypsin. .Recently, 
it has been shown that 

treatment of fibres with reagents 
of forming certain types of 

non-sulphur containing linkages 
the medulla can render these cells 

resistant to tryptic digeS- 
tion. 'ø Stabilisation of disulphide 

can be achieved by thiogly- 
acid reduction followed by 

with dihal/des. '• 

'A further form of disulphide link- 
reduction is that brought about 

by the action of sulphites and bisul- 
;:?Phites2• 
5•!:R.S.S.R. + Na,SO,--> R.S.Na + 

:::,: ' NaO.SO, S.R. 
+ NaHSO.- aSH + 

!;}!i:;)'::?:i. NaO.SO2.SR. 
;•?--•!-!{,',::;The sod'ium-S-cysteine sulphonate is 
':!½!•ii:;/i?Unstable and decomposes when 
}?.}:'Warmed with acids to give sodium 
5ii} I}:: bisulphate and cysteine, while alkali 
,,?:::.(•!gives sodium bisulphite and sul- 
i;?'i:iphenic acid. Human hair fibres 
;?•: treated with bisulphite-sulphite solu- 
?i:i'itions pH 3-11 at 22'2 ø C. showed 
-•f:•if?! maximum weakening at pH4'5 and 
}•11:;:!:: 11. =' When the extent of cystine 
i;!'::(:::?iinkage breakdown is not excessive, 
:??:loss in resistance to extension of 

??) bisulphite treated hair can be com- 
::•½-:;:::pletely restored by after-treatment 
'i!}!:; with aqueous solutions of benzo- 
::5':-:' quinone, or formaldehyde pH8. This 
:::(::. restoration results from formation 
():::;. of new linkages by reaction of the 
•(-:' quinone with thiol and amino groups, 
•i!:i as well as from re-formation-of 
). 

ß 

cystinc linkages by a partial reversal 
of the original disulphide break- 
down? , • 

The work of Phillips 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 ß four subfractions, 
termed A, B, !2, 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 (12+D) is associated 
with non-polar side-chains. 

MERCAPTANS AS P.W. 
ASSISTANTS 

Reduction of cystine disulphide 
hnkages 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 
thiois 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 19130'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, 
ß 

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 be a more speedy 
reagent. The malodorousness of 
this material, however, resulting 
from liberation of hydrogen sulph!de 
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-wet ted, 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 appeai- to have received any wide 
application, probably owing to the 
fact that the material is costly, the 
solution is unstable, leaves a dusty 

deposit on the hair, and although 
the hair is well waved it is very dull. z, 
McDonough, ø-'• 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' 

(i) Carboxyl or sulphonic acids, 
nitro, chloro or halogenated groups. 
(ii) Primary, secondary or tertiary..: 
amino groups. 
(iii) Alcohol, aidehyde, keto, este? 
or ether groups. '• ß •: 

In general, the polar •ompounds 
containing a carboxyl group give .? 
excellent waving results when used 
in the form of the ammonium salts. 

It has been found, however, that the':i:i! 
corresponding sodium and potassium.i! • 
salts, even in ammoniacal solution;!'•)i 
are much less satisfactory, and the:.?:• 
same applies to ethanolamine salts?:;i•i 
As will be considered in detail 
alkaline earth salts of certain of 
thio-acids possess depilatory 
perties, e.g., calcium thio 
In the case of mercaptans 
water solubilising non-polar 
such as. glyceryl mono-mercaptan I 
it is interesting, in view of presen! 
developments in one solution 
waving methods, 'to note that 
Donough states that the removal' 
mercaptan is so complete by 

176 

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



DISULPHIDES AND MERCAPTANS IN HAIR CHEMISTRY 

one that excellent non-relaxing 
,aves can be obtained without need 

additional fixing or setting 
•ses. 

materials are used in concen- 

of 3 to 8 per cent, the speed 
waving increasing with concentra- 

tion up to 15 per cent. By varying 
concentration of mercaptan the 

y practical adjustments of 
'waving speeds Car/be made to suit 

.liferent systems of hot or cold 
waving as well as different types of 

air. Treatment can be carried out 

in aqueous solutions of pH7 up 
to but not including 10, but in prac- 

it is found desirable not to 

pH9'5, otherwise the time 
.:in which it is possible to wave the 

is too short. Optimum alka- 
•:•:,•.•;. is pH9'2-9'5. Ifi cold waving 
::/•'•/•!i?.i::..,careful pH control is essential, speed 
::½ji!(; :!øf waving increasing with pH of the 
•i?.:!?:'thiol solution. 'So far as pH regula- 
•'?•i•111':tion is concerned McDonough states 
:'i:i?i:'•'that while all alkaline materials are 
•,•: :' 

satisfactory, bases with a dissocia- 
tion constant less than 5 x 10-' and- 

;?!?Preferably about 10 -• are much less 
i?,:}:.destructive in action. For cold 
i?i'::.'waving, volatile bases such as am- 
}.?.!•:; monia, methylamine or ethylamine 
:i•!i}:-•:i are preferable to non-volatile alkalis 
:-::;:• since the former give tighter waves. 
;;{?::!Ammonia, in particular, is outstand- 
?•!(.ing in its advantages since its odour 

blends pleasantly with that of 
ii:'.:i:' mercaptans, the ionisation constant 
:•:i.. is satisfactory, and between pH 7-10 
ß :;i::: it is relatively non-irritating to the 
!::!½: skin. These basic U.S. patents, 
}i':; together with 22 similar patents and 

:;( .:' patent applications in other coun- 
ß 

tries, cover the use of mercaptans in 
cold waving and have recently 
resulted in the issue of world-wide 

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 0'3 to 0'5 per cent lanette 
wax SX or cetyl alcohol, distilled 
water and wetting agent (secondary 
sodium alkyl sulphate or alkyl aryl 
sodium sulphonate) be emulsified 
in the usual way and aftei' cooling 
to room 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 10'5 gives excellent waves, the 
setting time being at most 2 hours 
and even with difficult hair the waves 

last 6 months? For saloon u•e, 
however, the speed of waving is too 
low, and while good results are 
obtained at high temperatures, liber- 
ation of h•drogen 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 TM 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 th,at 
the wave produced has a strikingly 
natural appearance, and the hair is 
supple and glossy without the use of 
auxil/ary 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 3• 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 
g/re good results with bleached and 
porous hair, wkile the odour is 
reported to be less unpleasant than 
that of the thioglycollates. Informa- 
tion on .relative toxicity, however, 
was not given. " 

Until comparatively recently, cold 
waxing 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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ough/y 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 thioglyco]late 
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.i. li 
waving kits. Several cases of acci.- 
dental or suicidal ingestion of such 
bromates have drawn attention to 
the potential dangers of these mater- 
iaJs, and one manufacturer has 

replaced bromate by the mu(•h less '::i 
toxic sodium perborate and sodium?:;:' 
hexametaphosphate. •oketo acids:!; 

pyvic or 
acids (1'5 to 2 per cent, together withi?; 
a wetting agent) have also been 
forward as alternative rinses." ' 

Recently, cold waving solution, S,!':½ii 
which do not require a "neutraliser•.?i•! 
have appeared on the British 
U.S. markets. The method of Beste ii 

and Reed '• replaces the oxidising•!i! 
rinse by atmospheric oxidation cata;•i ? 
lysed by soluble salts of 
manganese.or iron, applied as ai: ? 
preliminary rinse or in the wavings)! 
lotion. Advantages claimed for thisii}i 
process are better control of the:!•i 

: '::;;• 
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•/?!•.:i:!]•educing reaction,, miniraising of 
gS•:•:•::-in'ury risk, and avoidance of bleach 

•O:•:•=:•i,'mg. T •s development opens up a 
•f•'"new •eld of investigation for the 
-•(•::m•ufacturers .... of permanent waving 

•%solutions, possible lines of approac• 
•..•.:,:to which have been conmdered 
.•-•:•,. el•where. 

'}•)•:?::{•:' REDUCING AGENTS AS 
•;:•[[:½ '• DEPILATORIES 
:z•?'?-?•:AlkMine reducing agents con- 

:stitt imporant 
:}•)?tories, calcium and strontium sul- 

[Phides being long-established mater- 
In aqueous solution these 

dompounds are hydrolysed. to give 
phide and hydroxide, the 

:latter playing an important role in 
•/mmnta]mng the solution near •H 12.. 

:[Hydrosulphide reduces the cysfine 
?disulphide linkages of ker•tin •nd 
<•[:(•.:in the presence-of alkali, swelling 
.?ji and softening of the fibre takes place, 
)•'::•'So that after 4 to 5 minutes' treat- 
;?;:'•.ment with a correctly formulated 

!})•(:depilatory the hair can be wiped from the skin •th a damp cloth. 
?•:•.AlkMine solutions of mercaptans, 
'•::•:•:: such as benzylmercaptosulphonic 
•:'/•. acid or ethyl mercaptoaniline have 
(?' been patented as depilatories,•* while 
/•:. ::•calcium thioglycoHate • is the basis 

of several nationally advertised pro- 
ducts. Calcium thioglyco•ate exists. 

•:-:•:': in two crystalline forms correspond- 
ing to the formulm 

::• •:•: (SH.CH•.COO) •Ca. and 
•'•:::• S.CH•.COOCa• 3H•O 

The second fore. is preferable owing 
to lack of odour and absence of unde- 

':: 

DISULPHIDES AND MERCAPTANS IN HAIR CHEMISTRY 

sirable effects on perfumes." .It' is 
used in concentrations of 4'to 10 '•er 
cent, the commercial.product % being 
brought to pH 12 by inclusion of 
free lime. Depilation times are of the 
order $ to 10 minutes. Addition oi 
pro-oxidants such as the soluble 
salts of copper, manganese and iron 
is stated to give better and' 'safer 
thioglycollate depilatories. a, 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, th• 
pH of the reagent being kept below 
10 by hydrazine sulphate2•. 

In conclusion, it remains to 'say 
that formulation of depilatories is 
beset with many difficulties, such as 
the choice of a satisfactory filler, 

'-sele•t'i6h $f 'a Su{{a•'[e perfu•e['•'the 
prevention of separation and the 
inhibition of drying out. These 
matters,. however, fall outside the 
scope of this discussion. 

ß 
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