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This invention relates to the art of treating 
hair and other keratin-containing Substances 
such as wool. The invention has particular 
relevance to the art of altering the physical form 
and shape of hair and to the provision of new 
softening agents for use in the treatment of 
keratin-containing materials. 
This application is a continuation-in-part of 

my applications, Serial Numbers 93,191 and 
93,192, filed May 13, 1949, and Serial Numbers 
142,725 and 142,726, filed February 6, 1950. 
The use of mercaptains as softening agents in 

hair Waving procedures is well known. These 
materials have met with considerable succeSS, 
especially in the development of a kit to be used 
in administering cold permanent waves at home 
without the aid of a professional operator. In 
the use of such kits, an alkaline solution or lo 
tion of a mercaptain such as thioglycolic acid is 
applied to the hair before or after the hair has 
been formed or wound into the desired configura 
tion. This Solution or lotion is allowed to re 
main in contact with the hair until desired Sof 
tening has been effected. Then while the sof 
tened hair is held in the desired configuration, 
the mercaptain lotion is rinsed out, following 
which the hair is treated with an oxidizing agent 
to effect permanent setting or fixing in the Con 
figuration established. 
The mercaptain which has been used with 

greatest commercial success is thioglycolic acid, 
but, as is known in the art, other mercaptains 
may be used, such as for example ethyl mercap 
tan; benzyl mercaptain; mercapto ethyl Sulfonic 
acid; beta, amino ethyl mercaptain; beta mercapto 
ethyl methyl amine; beta mercapto ethyl dimeth 
yl amine; beta mercapto ethyl alcohol; mercapto 
carbinoli; mercapto carbonyi; mercapto dimethyl 
ketone; mercapto ethyl acetate; beta, mercapto 
diethyl ether; 3-amino-2-hydroxy propyl mer 
captain; glyceryl monomercaptain (thioglycerol) ; 
trithiohexitols; mono- and poly-thio polyoxy 
ethylene glycols (such as tetra glycol dimercap 
tan); mercapto ethyl hydroxy ethyl amine; 
monothio polyhydroxy acids; 
acid; mono- and dimercapto Succinic acid; thio 
citric acid; mercapto acetaldehyde; alpha mer 
capto methyl-furane, -thiophene, -pyrrole, -py 
rinidine, and -thiofurfuralcohol; nercapto alkyl 
pseudothiou reas; mercapto ethyl urethane; mer 
capto ethyl acetamide; mercapto ethyl guani 
dine; and mercapto alkyl betaines and taurines. 
Substituted mercaptains such as thioglycolic acid 
and thioglycerol, for example, are especially suit 
able for Such use. 
As used herein, throughout both the Specificar . 
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2. 
tion and the claims, the term “mercaptain' re 
fers to a compound containing the sulfur ana 
logue of an alcoholic hydroxy group, i. e. the 
thiol group (-SH), attached to an aliphatic 
carbon atom. In other words, thiophenols are 
specifically excluded from the Scope of the word 
“mercaptain' which can be considered here aS 
being limited to alkyl, alkenyl, and substituted 
alkyl and alkenyl thiols. 
Even the most successful and most popular of 

these mercaptain hair softening agents such as 
thioglycerol and thioglycolic acid Suffer the dis 
advantages that they Will render the hair harsh 
and lower tensile strength if allowed to remain 
in contact there with for an extended period. 
Thus in using the readily available commercial 
Solutions of thioglycolic acid which contain the 
equivalent of about 6% of the pure acid by Weight, 
a maximum contact time of 3 hours is usually 
recommended for coarse hair, and shorter times 
such as A to 2 hours are recommended for hair 
of fine texture. The undesirable effect of longer 
periods of contact may be evident by visual in 
Spection, feel, laxity of the Waved hair, or by 
comparison of the tensile strengths of the hair 
before and after treatment. 

It is an object of the present invention to pro 
vide a composition for use in hair or wool SOf 
tening which is rapid and efficient but surpris 
ingly gentle in its action. 
Another object is to provide a composition 

which eficiently softens hair or Wool or other 
keratin-containing substances but which can be 
held in contact therewith for extended periods 
of time without objectionable damage. 
Another object is to provide an improved con 

position for use in permanent hair Waving. 
A further object is to provide an improved 

composition for imparting improved properties 
to wool. 
A still further object is to provide a process for 

reducing the tendency of mercaptain solutions to 
damage hair, wool, or other keratin-containing 
substances and particularly hair of fine texture, 
When such solutions are used for effecting de 
sired changes in structure of such keratin-con 
taining Substances. 
Other objects and advantageous features of 

the invention Will be apparent from a considera 
tion of the detailed description which follows. 

is have discovered that the above objects are 
attained by incorporating in the solution of 
mercaptain of the general formula, RSH, one or 
more Water-soluble salts of Organic thiosulfuric 
acids of the general formula R'SSO3H wherein 
feach of the Symbols, R. and R', represents a 
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monovalent organic radical which is free of the 
concomitant presence of a carboxyl group and 
an amino group, and in which the free valence is 
on an aliphatic carbon atom. These thiosul 
fates react with the mercaptains to form a cer 
tain quantity of disulfides and bisulfites until an 
equilibrium is reached for the reaction 

where X represents a monovalent salt-forming 
radical. Under normal conditions, the equi 
librium is such that appreciable amounts of all 
four types of compounds are present at equi 
librium. The radicals represented by R and R' 
in this disclosure are not limited in character Or 
size except as above noted and except by the 
requirement that the compounds in which they 
are contained are sufficiently soluble and are Con 
patible with each other at least insofar as they 
remain soluble under the conditions of use. Thus 
the organic radicals represented by R or by R.' 
are not necessarily all alike and each radical, 
whether represented by R or R', can be of any 
type which is free of the concomitant presence of 
amino and carboxyl groups, such as alkyl, amino 
alkyl, carboxy alkyl, amido alkyl, alkyl sulfonate, 
hydroxy alkyl, amino hydroxy alkyl, Carboxy hy 
droxy alkyl, alkoxy alkyl, hydroxy alkoxy alkyl, 
or cycloaliphatic, for example, and the number 
of carbon atoms is limited only by requirements of 
solubility and compatibility in the mixed solution. 
With most classes of compounds solubility will 
limit the use of appreciable amounts of those 
members in which R or R' contain 10 carbon 
atoms or more. As pointed out in detail below, 
the manner in which the ultimate solution of 
mercaptain and organic thiosulfate is formed is 
not critical. 
The carboxylic acid substituted alkyl mer 

captains and their simple derivatives are of Spe 
cial importance in preparing agents for treating 
hair. I have discovered that the soluble car 
boxylic acid substituted alkyl mercaptains and 
the corresponding thiosulfates containing Only 
the elements C, H, O, and S and the soluble 
amides of said mercaptains and thiosulfates are 
particularly efficient for permanently waving hair 
while maintaining the safety of protective action 
against hair damage which is characteristic of all 
the keratin-treating agents of this invention. In 
cluded in this class of compounds are the follow ing. 

BI 
BO C- ul-SEI 

O 
Thioglycolic acid 

H. , 
HO C-C-C-SEI 

s 
- Thiohydracrylic acid 

Thioactic acid 
H. E. 

O C-C-C-CE: 
I H S 
O EI 

B-Mercapto butyric acid 
H. H. 

EO C-C-C-SEI 
O 

CH3 
g-Mercapto isobutyric acid 
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HO g-g-CH-CH-CH-CH 
O B 

a-Mercapto hexanoic acid 
and other soluble homologues and corresponding 
thiosulfates. 

Mercapto acetamide 
H 

HN-C-CH-C-SH 
& E. 

B-Mercapto propionamide 
and other soluble homologues and corresponding 
thiosulfates. 

B H 
HO-CH-N-C-C-S 

II. H. 
O 

Monoethanol amide of thioglycolic acid 
E. H 

H O-CH-N-C-CH-C-SH 
H 

Monoethanol amide of thiohydracrylic acid 
and other soluble homologues and corresponding 
thiOSulfates. 
In their preferred form, the compositions of 

the present invention are aqueous solutions. 
When these solutions are employed in the treat 
ment of living human hair as in permanent hair 
waving, the alkalinity of the Solutions is pref 
erably controlled from a pH of about 9 to a pH 
of about 9.5. Thus the reaction of the mercap 
tan with the keratin proceeds at a good rate 
and yet the alkalinity is not sufficiently high to 
present - a problem. However, in the use of the 
compositions of ny invention in the treatment 
of wool, leather, etc., the use of lower and higher 
alkalinities can be tolerated, such as pH values 
from about 7.0 up to about i0.5. Although the 
reaction of mercaptain agents with keratin tends 
to be more vigorous at the higher alkalinities, 
the protective characteristics of the compositions 
of my invention greatly reduce the undesirable 
damage to the keratin which would otherwise 
occur. The preferred condition of pH for opera 
tion in individual cases depends not only upon 
the type of material being treated but also some 
what upon Such other conditions as the tempera 
ture of operation and the strength of the treat 
ing Solution. 
The aqueous solutions of the present inven 

tion can be made up in Several different ways. 
Thus the undiluted constituents can be marketed 
as a mixture with directions as to amount of 
water to be used in preparing the ultimate solu 
tions of the desired concentration for a given 
purpose. I have discovered one particularly con 
venient, economical, and especially Suitable 
method of preparing these Solutions. This meth 
od is specifically disclosed and claimed herein. 

If these ultimate solutions are prepared by 
the direct procedure of dissolving mercaptain 
(RSH) and thiosulfate (RSSO3H) together with 
any alkaline material which it is necessary to 
add in Order to control pH, an equilibrium reac 
tion will occur in the resulting Solution with the 
conversion of a certain amount of the mercaptain 
(RSX) and thiosulfate (RSSO3X) to disulfide 
(RSSR') and sulfite (X2SO3) (where X repre 
sents a nonovalent Salt-forming radical intro 
duced in the alkalizing agent or in the original 
mercaptain or thiosulfate molecules. Ammonia, 
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is very often used as the alkalizing agent in hair 
Waving, and in this case X would be the 
NH4+ ion.) Because of the equilibrium reaction 
Which exists between these four types of coin 
pounds, the aqueous solutions of the present 
invention can be prepared equally well by dis 
Solving together the appropriate organic disul 
fide (RSSR) and a Water-soluble sulfite reduc 
ing agent. Such as normal Sulfites, bisulfites and 
hydrosulfites in place of the direct solution of 
mercaptain (RSX) and thiosulfate (RSSO3X). 
AS used herein, the term Water-soluble Sulfite and 
similar expressions are taken to mean all of the 
above three classes and combinations thereof, 
namely water-soluble normal sulfites, water-sol 
uble bisulfites, water-soluble hydrosulfites, and 
mixtures of these. Equivalent solutions can be 
prepared in both ways. For example, an equi 
molar mixture of dithiodiglycerol and a soluble 
normal sulfite salt will react in aqueous alkaline 
Solution to form a keratill-treating solution 
equivalent to that formed by mixing the corre 
sponding Water-Soluble glyceryl monomercaptide 
and glyceryl thiosulfate also in equimolar pro 
portions. At the same total concentrations, both 
Solutions have the Saine advantageous proper 
ties. 

In general, the type of disulfide employed when 
it is desired to form organic thiosulfate and 
mercaptain in situ is a disulfide which is soluble 
in Water at pH 7 to about 10.5 and which has 
the formula RSSR' where R and R' are each 
organic radicals which can be the same, similar 
or entirely different thereby forming either syn 
metrical or unsymmetrical disulfides or mix 
tures thereof. The essential features of this coin 
stituent of my composition are the presence of 
the reducible disulfide (-S-S-) linkage and 
solubility in Water at pH 7 to aloout 10.5 to the 
extent of being abie to for at least a 0.65 
molal Solution ( -C to about a 42-2% by weight). 
Among the disulfides which fall within the Scepe 
of my invention and which can be einnployed to 
replace those recited in the various examples 
given at the end of this description, preferably 
on an equinolar basis, are for example: dithio 
diglycerol; dithiodiethanol; dithiodipropanol 
disulfide of 2-mercapto-1-propanol; dithiodi 
erythritol; dithiodiarabitol; dithiodisorbitol; di 
sulfide of 2-mercapto Sorbitol; a.c.'-dimethyldi 

disulfide of 3-mercapto-1,2-bu thiodiglycerol; 
tanediol; disulfide of 1-inercapto-2,4-hydroxy 
pentane; dithioditetraethylene glycol; hydroxy 
ethyl glyceryl disulfide; diethylene glycol sorbityl 
disulfide; dibutylene glycol sorbity disulfide; the 
disulfides of thioglycolates, thiOSalicylates, thio 
hydra-cylates, beta mercapto butyrates, beta ner 
capto isobutyrates, alpha, nercapto capiroates, 
thiolactates and other salts of thio. acids; disul 
fide of nercapto ethanol; disulfide of rercapito 
ethyl annine; disulfides of thioglycolic amides; 
and disulfide of sulfothioglycerol. Other suit 
able disulfides which are Soluble in Water at pH 
7 to about 10.5 will be readily apparent to those 
versed in the art. 
The corresponding mercaptains and organic 

thiosulfates of the above disulfides can likewise 
be substituted, preferably on an equiliholar basis, 
for the nercaptains and organic thiOSulfates 
called for in the complete examples to be de 
scribed later herein. 
Three individual disulfides and their core 

sponding mercaptain and tilio3llfate derivatives 
are of particular interest in waving hair. These 
are dithiodiglycerol, dithiodiglycolic acid come 
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is the reducing agent. 
Such as Sodium hydroSulfite, sodium bisulfite and 

6 
pounds and the dithiodihydracrylic acid con 
pounds. Solutions containing only thioglycerol 
and derivatives thereof may be described as those 
in which the organic radicals, R. and R', are both 
thioglycerol residues having the chemical struc 
ture, 

E. H. E. 
EC-C-C- 
O O. H. 
H. H. 

Solutions containing only thioglycolic and/or 
thiohydracrylic acids and derivatives thereof 
may be described as those in which the organic 
radicals, R, and R', are both residues of primary 
mercaptO carboxylic acids containing 2 to 3 car 
bon atoms, the general chemical structure of said 
residues being 

Ho-1-(CH)- 
O 

Where 12 is a whole integer from 1 to 2. 
The Second essential constituent of those com 

positions involving the formation of Inercaptain 
and Organic thicsulfate in situ from the disulfide 

Water-soluble sulfites 

Sodium Sulfite are especially useful. Correspond 
ing Salts of other alkali metals such as potassium 
(potassium hydrosulfite, potassiurn bisulfite, etc.) 
aS Well as Corresponding annonium and Substi 
tuted annonium (anine) salts (ammonium and 
monoethanol amine sulfite, or hydrosulfite e.g.) 
can be enployed without departing from the 
Spirit of the invention. Water-soluble hydro 
Sulfites containing formaldehyde of crystalliza 
tion and sometimes referred to in the art as 
Sulfoxyiates can also be employed, but insofar 
as the present invention is concerned such com 
pounds are to be considered as coming within the 
Scope of the term "hydrosulfite' as used herein. 

Compatible mixtures of these various sulfites, 
bisulfites, and hydrosulfites can also be advan 
tageously employed since mixtures of these re 
ducing agents alone have been found to possess 
the desired potential necessary for the reduction 
of the disulfide in aqueous solution. 
When compositions of the present invention 

are formed by reducing an organic disulfide as 
disclosed more specifically herein above, the pro 
portion of reducing agent to the disulfide is not 
Sharply critical, but sufficient reducing agent 
must be present to provide for the potential 
formation of an adequate amount of mercaptain 
and organic thiosulfate. Although I prefer to 
employ about one to two moles of reducing agent 
per mole of disulfide, products formed by the use 
of proportions of up to 10 moles cf reducing agent 
per mole of disulfide are suitable. The proportion 
of reducing agent may also be as low as 4 mole 
per mole of disulfide provided the actual concen 
tration of reducing agent is at least equivalent to 
0.05 molal. However it is usually impractical to 
employ less than % inole of sulfite per mole of 
disulfide. 
As is known in this art, the alkalinity of soften 

ing compositions in aqueous solutions is instru 
niental in achieving the desired changes in the 
keratin-containing substance. The lower the pH 
the longer the time required. Accordingly, pH 
Values below i are not recominended for use in 
the present invention. In the use of these com 
positions in Waving hair, I prefer to employ alka 
linities no higher than 9.5. It has been observed 
that an alkalinity within the range of pH 7 
to pH 10.5 can be used safely for the period of 
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time required to effect the desired waving with 
the present compositions. However, in order that 
irritation to the skin may be held to a minimum, 
a pH range of 9.0 to 9.5 is especially Suitable fol' 
Waving human hair. 
Some reducing agents, such as sodium sulfite, 

impart to the disulfide solution Sufficient or more 
than sufficient alkalinity for effectively Softening 
hair. Adjustment to desired alkalinity. With an 
acid substance such as, for example, acetic acid, 
citric acid, tartaric acid, hydrochloric acid, Sul 
furic acid, and sulfurous acid may be desirable 
in cases where alkalinities are above pH 10.5. 
However, other reducing agents Such as Sodium. 
or potassium bisulfite are not sufficiently alkaline 
and when these are employed additional alkaliz 
ing materials must be added. Different reducing 
agents of different degrees of alkalinity can be 
used in admixture to give desired alkalinity con 
trol, e. g. a mixture of sodium sulfite and Sodium 
bisulfite, but other alkalizing materials which Will 
render the solution of the mixture of Organic 
disulfide and reducing agent alkaline to an extent 
not exceeding 10.5 are of course Suitable. Ann 
monia is preferred because of its ready avail 
ability, relatively low cost, and relatively low irri 
tating effect. 

Water-soluble amines, which are compatible 
with the other materials of the composition. Such 
as the mercaptain, the disulfide and the reducing 
agent, and reaction products of Sane, can be 
employed. Examples of Such amines are methyl 
amine, ethylamine, monoethanolamine, diethan 
olamine, and morpholine. Water-Soluble quater 
nary ammonium bases such as tetraethyl an 
monium hydroxide or tetraethanol annonium 
hydroxide can also be used. Alkali metal hy 
droxides such as sodium hydroxide or potassium 
hydroxide are suitable for use but care must be 
exercised to avoid excesses which will raise the 
alkalinity of the solution to a point above pH 
10.5. In this connection also water-soluble car 
bonates such as sodium carbonate, potassium car 
bonate, the corresponding bicarbonates as well as 
water-soluble phosphates can be used if proper 
control of alkalinity is exercised. In order that 
the maximum alkalinity of 10.5 is not exceeded, 
water-soluble buffers such as ammonium acetate, 
diammonium phosphate, ammonium carbonate 
and borax can be employed if desired. 
Because the equilibrium mixture of my inven 

tion containing disulfide, sulfite, and organic 
thiosulfate in addition to mercaptain has high 
protective characteristics, the strength of the 
solution used in contact with hair or Wool as 
measured in terms of potential mercaptain con 
centration is not seriously critical. Satisfactory 
treatment of keratin-containing Substances can 
be carried out with the use of solutions with a 
potential mercaptain concentration equivalent to 
less than 0.1 molal (=C- about 4 to 2% by Weight), 
but it should be borne in mind that the action of 
the composition is slower with such low concen 
trations. Also the action of compositions of this 
invention are slowed somewhat by large amounts 
of the organic thiosulfate. 
Of course, for heat Waving a low potential 

mercaptain concentration of no more than 0.2 
molal is almost always Sufficient. 
My preferred solutions for cold waving, how 

ever, contain a potential mercaptain concentra 
tion of about 0.3-0.8 molal (-C about 1-15% mer 
captain by weight depending upon the molecular 
weight of the substances used). With such solu 
tions, the time required for effecting Suitable Sof 
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8 
tening With hair operations on the human head 
may be as short as 20 minutes at 80 F. How 
ever, depending upon the temperature and al 
kalinity of the Solution, and the potential Con 
centration of organic thiosulfate, longer periods 
of time may be required With Such solutions, Such 
as 60 to 120 minutes, or even 180 minutes when 
the potential concentration of organic thiosul 
fate becomes as high as 100 molar per cent of the 
potential mercaptain concentration. If desired, 
this time can be shortened somewhat, if higher 
potential concentrations of mercaptain, Such as 
1.5 molal, are used when the potential thiosulfate 
is very high. With the compositions of this in 
wention, outstanding protection is provided 
against objectionable damages even if the ex 
poSure is continued for times far in excess of 
that necessary for achieving the desired softening 
effect, even for as long as 16 to 24 hours at 80° F. 
for example. 
AS is indicated in certain of the examples be 

low, the softening operation may be followed by a 
fixing operation which comprises first rinsing the 
Solution from the softened hair, then treating 
the hair with a fixing or oxidizing agent. Thus 
chlorine Water, peroxides, tartaric acid, sodium 
chlorite, potassium bromate and others known 
in the art may be provided and used. 

It has been found that the organic thiosulfate 
itself which is present in the softening composi 
tions of this invention has special advantages as 
a fixative. When the potential concentration of 
this material in my softening solutions is quite 
high, i. e. generally 100 molar per cent or more 
of the potential mercaptain concentration, the 
re-establishment of some of the broken disul 
fide linkages of the reduced hair keratin is ef 
fected by the softening solution itself. Use of 
Organic thiosulfate in this manner to oxidize or 
fix reduced keratin of hair appears to result in 
the chemical introduction of the organic group 
of the thiosulfate into the keratin molecule, and 
when the organic radical of the thiosulfate is 
relatively high in molecular weight (C12 for ex 
ample), then Such chemical introduction seems 

part an improved luster or sheen to the 
2. 

In this specification I have referred repeatedly 
to the Waving of hair. However, it is to be un 
derstood that the invention is not limited to this 
field of application. It is possible to change the 
shape or configuration of the hair as is desired, 
and the invention can be employed with equal 
Success in operations involving the reverse of 
Waving Such as "dekinking.' Furthermore, as is 
shown in Examples 4, 10, 17 and 27, my inven 
tion can be applied to the treatment of other 
fibrous keratin-containing substances such as 
Wool. Wool is particularly susceptible to damage 
by chemical substances which attack keratin, but 
I have found that surprisingly less damage is 
Suffered in the use of the compositions of the 
present invention than in the use of softening 
agents heretofore proposed. Also, I am not lim 
ited to changes in configuration in the practice 
of my invention. My Solutions can be employed 
generally for preliminary treatment of keratin 
containing materials in processes wherein the 
linkages are rebuilt not only with Oxidizing agents 
but also with such materials as formaldehyde, 
glyoxal, and alkyl dibromides for example, for 
the purpose of modifying the fiber structure with 
or Without changing the configuration. An illus 
tration of this effect is given in Examples 10 
and 15. Where treatment of wool with solutions 
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containing organic thiosulfate in potential con 
centrations of 100 molar per cent and more of 
the potential mercaptain concentration is shown 
to result in marked improvement in shrink re 
sistance. Apparently this improvement is due to 
the introduction of the organic group of the thio 
sulfate into the keratin molecule because an ap 
preciable gain in weight of the Wool was noted. 
This cheinical introduction can be used to advan 
tage to modify other physical properties of 
keratin-containing materials, such as Wettability, 
appearance, etc., depending upon the character 
of the crganic group introduced. 

It should be borne in mind that, with keratin 
treating solutions of the type disclosed herein, 
the mercapto group is still functionally the group 
of primary importance insofar as reaction with 
the keratin is concerned. Accordingly, the most 
significant method of expressing Solution 
strengths is in terms of inola concentrations of 
mercaptain or really of inercapto groups (Since 
one molecule may contain more than one liner 
capto group) or alternately in terms of ner 
captain or mercapto group equivalents since each 
disulfide group is potentially capable of being re 
duced to a mercaptain group and a thiosulfate 
group by the sulfite reducing agent if the equi 
librium is disturbed in that direction, as it is, 
for example, by consumption of mercaptain dur 
ing the reaction with keratin. Molal concentra- 3i 
ions of materials will therefore be given in most 
cases in this description, and the total potential 
or equivalent molal concentration of nercapto 
groups will be used as a measure of the relative 
keratin-inodifying capacity of the various Solu- : 
tions, regardless of how these groups are intro 
duced into a given solution, i. e. whether added 
as straight mercaptains, straight disulfides, or a 
mixture of the two types of compound. It should 
be pointed out in this regard that whereas the 
sulfites or bisulfites reduce each mole of disul 
fide to one mole of mercaptain and one mole of 
thiosulfate, the hydrosulfites react to form most 
ly mercaptain and each mole of disulfide in this 
case is potentially equivalent to even more than 
one mole of mercaptain. According to my theory, 
one or more reactions such as the following prob 
ably take place in this case: 

where R represents organic radicals which may 
be either all alike or of more than one kind. 
Whatever the actual mol ratio of thiosulfate 

to mercaptain in ultimate solutions prepared by 
mixing disulfides and hydrosulfites, Such solutions 
have been found to be considerably leSS damag 
ing to hair and other keratin-containing Sub 
stances on prolonged exposure than a comparable 
solution containing only the equivalent Concen 
tration of mercaptain with no thiosulfate when 
employed under comparable conditions. 

If the compositions of this invention are pre 
pared by mixing disulfides and normal Sulfite or 
bisulfite reducing agents and no extra mercaptains 
or thiosulfates are added, the mol ratio of thio 
sulfate to mercaptain in the treating Solution will 
be 1: ... And if solutions are made up using di 
sulfides and hydrosulfites with no added mercap 
tans or thiosulfates, the mol ratio of potential 
thiosulfate to potential mercaptain Will always be 
less than 1 : 1. However, if the Solutions are pre 
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10 
pared from mercaptains and thiosulfates directly 
or by adding extra amounts of either of these ina 
terials as described to the inixture of disulfide and 
sulfites, the initial inol ratio of potential thio 
sulfate to potential mercaptain can be varied in 
definitely at will. For any set concentration of 
mercaptain or total mercapto group equivalents, 
the maximum possible value for the rinolal ratio 
of thiosulfate to mercaptain in that case Will of 
course be determined by the extent of the Solti 
bility of the thiosulfate in question. 

In the compositions of my invention it is pref 
erable that the potential or equivalent molal coin 
centration of thiosulfate be at least one fifth that 
of the equivalent or potential Enolal concentration 
of the mercaptain. This is about the molal ratio 
which is believed to result from reducing disulfide 
with hydrosulfite, as suggested by the reactions 
shown above. However, measurable reduction in 
the damage done to hair or Wool by mercaptains is 
evidenced by use of equivalent innolal concentra 
tions of thiosulfates as low as a to 60 of the 
equivalent concentration of inercaptain. The po 
tential protection against hair or Wool dainage 
will of course increase with increase in the pro 
portion of thiosulfate present. However, for a 
given equivalent concentration of mercaptain, the 
length of tine required to effect the desired soft 
ening of keratin-containing Substances also in 
creases With increase in the proportion of equiva 
lent thiosulfate present. This will be illustrated 
later by examples. Suffice it to say for the pres 
ent that addition of 35 to 50 molar per cent of 
potential Organic thiosulfate based on the po 
tential mercaptain provides outstanding protec 
tion against damage to hair exposed as long as 
16 hours at 80 F. to the action of WaWing lotions 
of average nercaptain concentration. I prefer 
that the total potential or equivalent concentra 
tion of mercapto group in the aqueous composi 
tions of my invention be fron about 0.10 molal 
to about 0.6 molal but in Special cases concen 
trations as low as 0.05 may be useful and con 
centrations as high as 1.5 to 2.0 minolal may be used 
if desired and if solubilities permit. 
To the compositions of the present invention 

can be added opacifying agents, perfumes, and 
other ingredients to impart desired qualities 
thereto. In the permanent Waving of hair, the 
Solution or lotion thus formed is used in Sub 
stantially the same way as that previously de 
scribed for presently available home waving kits. 
However, appreciably longer contact times can be 
tolerated. Without the danger of undesirable hair 
damage. 

Protection of both hair and Wool against per 
ceptible damage over extended periods of even 
more... than 24 hours' exposure to nercaptain is 
effected by compositions in which the equivalent 
organic.thiosulfate is over 100 molar per cent of 
the total equivalent mercaptain concentration. At 
200 molar per cent thiosulfate, protection is ex 
tended to as long aS 60 hours. Of course, even 
higher molar percentages of organic thiosulfate, 
such as 300 to 600 per cent, can be employed to 
achieve very high protection as may be desired, 
for example, in waving very delicate hair such as 
that which has been Subjected to a chemical 
bleach. Also, it is sometimes desirable to provide 
for increased protection if the solution is to be 
employed in effecting a permanent wave at high 
temperature, sometimes referred to in the art as 
'heat permanent waving.' It is therefore clear 
that my present invention includes compositions 

r e -ama 
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which are extremely safe for use in contact with 
human hair as well as other keratin-containing 
substances, thereby adding materially to the con 
venience of that user who may have preference 
for a long but safe exposure time over the shorter 
and more critical exposure times which are now 
necessary with present waving lotions, etc. 
The invention will be more fully understood 

from the following specific examples taken in 
conjunction with the accompanying detailed de 
scription of variants, but it is to be understood 
that the invention is not limited thereto but 
rather to the scope of the appended claims. In 
the examples given below "parts' means parts by 
weight and, except where indicated to the con 
trary, treatment with the compositions was coh 
ducted at 100° F. It is to be noted also in con 
nection with some of the examples that the effec 
tiveness of the solutions is indicated by diameter 
measurements of curls of hair produced on curlers 
6.5 mm. in diameter under certain permanent 
waving conditions, the Smaller diameter indicat 
ing greater effectiveness of the keratin-softening 
solution. Moreover, when freshly formed curls 
such as those produced in the examples are sus 
pended by one end and shaken up and down, the 
elasticity or spring of the formed Spiral may be 
observed. The degree of laxity of the spiral coil 
is indicative of the degree of hair damage effected 
by the softening solution. Numerical indication 
of the degree of hair damage is obtained by meas 
uring the length of the spiral coil when Suspended 
by one end; the greater the length, the greater 
the damage, assuming the hair has been exposed 
at least long enough to produce a curl. 

Eacample 1.-A solution of glyceryl thiOSulfate 
was prepared by heating together in aqueous S0 
lution equimolar quantities of glycerin alpha, 
monochlorhydrin and hydrated Sodium thiOSul 
fate of the formula Na2S2O3.5H2O. The result 
ing solution contained about 32.3% glyceryl thio 
sulfate and 8.8% sodium chloride by Weight. 
This solution was used in making up a composi 
tion as follows: 

6.0 parts thiogycerol (0.055 mole) 
12.4 parts of the above solution (i. e. 4 parts or 

0.019 mole sodium glyceryl thiosulfate and i.i. 
parts sodium chloride) 

81.6 parts water and ammonium hydroxide (28% 
NH3 by weight) to bring to a pH of 9.3. 

The above composition represents a solution, 
the potential concentration of mercaptain in 
which is about 0.63 molal, and the potential con 
centration of thiosulfate in which is about 0.22 
molal or 35 molar per cent of the mercaptain con 
centration. Some solution of this composition 
was used to saturate two Strands of 12 human 
hairs each, each strand being 100 mm. in length 
from knot to end and being wound on a curler 
having a diameter of 6.5 mm. One Strand was 
exposed to the solution for 10 minutes at 100 F. 
and the other strand was exposed far 16 hours at 
80° F. In each case, at the end of exposure, the 
solution was rinsed from the Strand of hair which 
was then treated with a 1% solution of Sodium 
chlorite to set or fix the curl before it was un 
wound. 
As a basis for comparison the same procedure 

was carried out on two comparable Strands of 
hair with the use of a 6% solution of thioglycer 
ol at pH 9.3, no organic thiosulfate being present. 
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12 
nection with the curls formed in the comparison 
of this example, 

Diameter of curl in mm. after ex 
posure for 

Coil length of Curl 
in Inn. after ex 
posure for Solution 

10 min. 16 hours 
at 100°F. at 80° F. 

10 min. i6 hours 
at 100° F. at 80°F. 

Mixture of thioglycerol 
and glyceryl thiosul 
fate of this example.---- 

Thioglycerol alone.----...- 28 
32 

129 7.5 6.0 
6.9 26.9 267 

Qualitatively the hair of this curl was not perceptibly damaged. 
* Qualitatively the hair of this curl was harsh and broke 

or tore readily when only a slight tension was applied. 
The greater coil length noted here is also indicative of this greater dalalage. 

Eacample 2.-A Solution of glyceryl thiosulfate 
Was prepared as in Example 1 by heating to 
gether in aqueous solution equimolar quantities 
of glycerin alpha monochlorhydrin and hydrated 
Sodium thiosulfate, Na2S2O3.5H2O. The result 
ing Solution contained about 33.2% glyceryl thio 
sulfate and 8.8% sodium chloride. This solution 
was used in making up a composition as follows. 
6.1 parts thioglycerol (0.056 mole) 
50.5 parts of the above solution of glyceryl thio 

sulfate (i. e. 16.3 parts or 0.077 mole Sodium 
glyceryl thiosulfate and 4.4 parts Sodium chlo 
ride) 

43.4 parts water and ammonium hydroxide (28% 
NH3) to bring to a pH of 9.3. 
The above composition is potentially about 0.77 

molal in mercaptain and about 1.06 molal in thio 
Sulfate, the potential thiosulfate therefore being 
about 138 molar per cent of the potential mercap 
tan. This solution Was used to Saturate 3 strands 
of 12 human hairs each, each strand being 100 
Inn. in length from knot to end and being Wound 
on a curler having a diameter of 6.5 mm. One 
strand was exposed to the solution for 30 minutes 
at 100 F., another strand was exposed for 16 
hours at 80 F., and the third strand was exposed 
for 80 hours at 80 F. In each case, at the end of 
the exposure the Solution was rinsed from the 
Wound strand of hair which was then treated 
with a 1% solution of Sodium chlorite to set or fix 
the curl. 

Each strand of treated hair was removed from 
its curler and permitted to assume a circular 
curl Without assistance from external forces. The 
following observations were made on these curls. 

Length of 
Coil in 

Imm. after 
Exposure 

Diameter 
Tempera- of Curlin 

ture mm. after 
Time 

Exposure 

o F. 
100 
80 
80 

30 min.----------------------- 
16 hrs------------------------ 
80 hrs------------------------ 

37 
38 

8.4 
7.2 
7.0 42 

These data show reasonable tightness of the 
curl and little damage to the hair in the 30 min 
ute period of exposure at 100 F. They also show 
an improvement in tightness of curl. With but 
very little increase in damage by exposure times 
of 16 and 80 hours respectively at 80° F. Visual 
examination of the curls produced by this exam 
ple indicated no perceptible damage. 
As a basis of comparison, it is to be noted that 

the 6% Solution of thioglycerol at pH 9.3 and 
containing no organic thiosulfate produced a curl 

The following observations were made in con- 75 of about 6.9 mm. diameter and 67 mm. coil length 
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after exposure for 16 hours at 80°F. as was shown 
in Example 1. Qualitatively the curl of hair SO 
formed was harsh and broke or tore readily when 
only slight tension was applied. 

In place of the 50.5 parts of the glyceryl thio 
sulfate solution in the above example there can 
be substituted, with substantially the same re 
sults, 60 parts of a 30% solution of the hydro 
bromide of amino ethylthiosulfate (=C- 0.69 mole). 
Such a solution can be prepared by reacting 
bromoethylamine hydrobromide With SOdium 
thiOSulfate. 

Eacample 3-5 parts or 0.064 mole of mercapto 
ethanol were diluted with 30 parts of water. To 
this solution were added 23.5 parts or 0.08 mole 
of sulfoglyceryl thiosulfate in the form of an 
aqueous solution of about 30% strength. The 
sulfoglyceryl thiosulfate was prepared by the re 
action of sulfoglyceryl chloride With sodium thio 
sulfate in aqueous solution. The mixture of mer 
captain and organic thiosulfate was adjusted to 
an alkalinity of about pH 9.3 and a total Weight 
of 100 parts. This solution was then about 0.90 
molal in potential mercaptain and about 1.12 no 
all in potential thiosulfate, giving a thiosulfate 
concentration of about 125 molar per cent of the 
equivalent mercaptain. 
‘This solution was employed to curl Strands of 

human hair as described in preceding examples. 
A 40 minute exposure at 100 F. resulted in a 
curl having a diameter of about 94 mm. A 16 
hour exposure at 100 F. resulted in a curl hav 
ing a diameter of about 84 mm. and a coil length 
of 37 mm. The hair appeared undamaged and 
was soft and normalin feel. 

Eacample: 4-The solution of Example 3 Was 
employed to curl a 12-fiber strand of South 
American carpet wool, wound on a 6.5 mm. curler, 
by exposure for 2 hours at 100° it. The curled 
wool had a diameter of about 74 mm. and a coil 
length of 42 mm. The treatment did not appear 
to damage the wool. It is to be noted that, in 
the case of wool, greater coil lengths are con 
sistently noted than in the case of hair, due no 
doubt to the difference in fiber structure rather 
than to excessive degradation. 
In the several examples which follow, alterna 

tive procedures for preparing softening Solutions 
of my invention are described. Basically this 
procedure involves the conversion of the ner- : 
captain to the corresponding disulfide by oxida 
tion and the addition of a sulfite or bisulfite to 
form an equinolar mixture of mercaptain and 
organic thiosulfate or the addition of a hydro 
sulfite to form a greater than equinolar mixture 
of mercaptain to thiosulfate. Additional quanti 
ties of organic thiosulfate or mercaptain may 
then be added to adjust the molar ratio of po 
tential thiosulfate to potential mercaptain to the 
desired value or part of the original mercaptain 
can be retained unoxidized throughout. These 
are convenient and simple procedures which hold 
to a minimum the amount of organic thiosulfate 
that otherwise must be prepared by more intri 
cate and expensive organic reactions. 

Eacample 5-50 parts by weight of a 10% solu 
tion of thiosorbitol at a pH of 9.3 by alkalization 
with ammonia, was oxidized at room temperature 
With a 30% solution of hydrogen peroxide until 
the combination of one drop of the mixture on a 
spot plate with one drop of Sodium nitroprusside 
just failed to produce the typical red mercaptain 
reaction. The resulting solution containing about 
0.013 mol of dithicdisorbitol is mixed with 4 parts 
or 0.032 mol sodium sulfite and the mixture is ad 
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justed to 70 parts total at a pH of 9.3 with added 
water and acetic acid. This solution, potentially 
about 0.22 molal in both mercaptain aid organic 
thiosulfate can be employed to wave hair as in 
previous examples without visual damage thereto. 
A mixture of disulfides including a mixed di 

Sulfide and resulting from the oxidation of a 
mixture of mercapto ethanol and thioglycerol 
can be used in place of the dithiodisorbitol in 
this example With Substantially the same im 
proved result. Also the disulfides resulting from 
the Oxidation of a mixture of the monomercap 
tans of diethylene glycol and of Sorbitol. can be 
employed. In all cases, the mixture of mercaptain 
and Organic thiosulfate resulting from the re 
action of the disulfide and reducing agent is sur 
prisingly less damaging to the hair than when 
the mercaptain is used alone. 

Eacd.172ple 6-7 parts or 0.076 hole of thio 
glycolic acid were diluted with 50 parts of Water 
and 5 parts of annonia, water (28% NH3). To 
the Solution was added a 10% solution of hydro 
gen peroxide until the combination of one drop 
of the mixture on a spot plate with one drop of 
Sodium nitroprusside just failed to produce the 
typical red mercaptain reaction. The mercaptain, 
annonium thioglycolate, had then been oxidized 
to the disulfide, dithiodiglycolate. Heat liberated 
during this reaction was removed by cooling the 
reaction Wessel with Water. 
To the resulting solution were added 4 parts 

or 0.038 mol Sodium bisulfite and sufficient Water 
and ammonia. Water (28% NH3) to bring the al 
kalinity to a pH of 9.3 and the total weight of 
the mixture to 100 parts. The bisulfite reacted 
With the disulfide (dithiodiglycolate) to form an 
equinclair mixture of mercaptain (thieglycolate) 
and Organic thiosulfate (carboxy methyl thio 
Sulfate). Potentially this solution was about 0.44 
r:hoal in both mercaptain and thiosulfate. 
The above connposition was used as in previ 

CuS examples to Saturate two strands of 12 
human hairs each wound as in previous exam 
ples. One Stl’and was exposed to the solution 
for 10 Illinutes at the Standard temperature of 
100 F. and the resulting curl was 12 mm. in di 
ameter. The Second curl was 942 mm. in diam 
eter and 35 mm. in coil length after exposure 
for 60 minutes at 100 F. There was no visible 
damage to the hair in either case. 
For comparative purposes, two comparable 

Strands of hair were wound and treated under 
the same conditions with a commercial hair wav 
ing lotion containing about 6% thioglycolic acid 
as the active ingredient. After rinsing and fix 
ing, the curl formed by 10 minutes' exposure 
to this Solution had a diameter of 7.2 mm. and 
a coil length of 48 mm. The 60 minute ex 
posure in this case produced a curl of 8.5 mm. 
diarieter and a coil length of 86 mm. Severe 
damage to the hair was observed in the hair 
treated by 60 minutes' exposure as indicated by 
its shriveled appearance, its low strength, and 
its high tendency to elongate on exposure to 
humid air. 

Eacample 7-6 parts or 0.057 mole of thiohy 
dracrylic acid were dissolved in 60 parts of Wa 
ter and 5 parts of ammonia water containing 
28% NH3 were added. To the solution thus 
formed was added a 10% solution of hydrogen 
peroxide until a combination of one drop of the 
mixture on a spot plate with one drop of sodi 
um nitroprusside just failed to produce the typi 
cal red mercaptain reaction. The solution Was 
cooled during this oxidation step in which the 
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annonium thiohydracrylate was converted to 
the corresponding disulfide. 
To the resulting solution were added 5.7 parts 

of a 61% solution of ammonium bisulfite, (-C 0.035 
mole) and an amount of water and ammonia, 
Water to bring the alkalinity to a pH of 9.3 and 
the weight to a total of 100 parts. As in exam 
ples 5 and 6, the reaction between the sulfite 
(bisulfite) and disulfide produces mercaptain and 
Organic thiosulfate in equimolar proportion, the 
total potential concentration of each being equiv 
alent to about 0.32 molal solutions. 
The above composition was used to curl strands 

of human hair according to the technique previ 
Ously described. One strand exposed for 40 
minutes Was curled to a diameter of 15 mm. While 
16 hours' exposure resulted in a curl diameter 
of 10 mm. and a coil length of 31 mm. In neither 
case was the hair perceptibly damaged. 
As an auxiliary example mixed disulfides can 

be employed in place of the disulfides of Exam 
ples 5 and 6. Thus the oxidation of a mixture 
of thioglycolic and thiohydracrylic acid with hy 
drogen peroxide produces a disulfide mixture 
which can be reacted with Sulfite or bisulfite to 
yield an equimolar mixture of mercaptain which 
can be successfully used to give the same im 
proved result as the Solutions of these examples. 

Eacample 8-6.8 parts or 0.057 mole of beta, 
mercapto butyric acid were dissolved in 60 parts : 
of water to which were added 7 parts of am 
monia, water (28% NH3). The solution was 
cooled and oxidized as in Examples 6 and 7, 
with just sufficient 10% hydrogen peroxide to 
convert the mercapto acid to the correspond 
ing disulfide. 
To the resulting Solution Were added 6 parts 

or 0.038 mole of potassium sulfite and sufficient 
water and acetic acid to bring the pH to 9.8 and 
the total weight to 100 parts. The resulting com 
position had an equivalent concentration of both 
mercaptain and organic thiosulfate of about 0.34 
molal. 
This composition was used to effect curling of 

two strands of human hair in accordance with 
the procedures previously described. The curl 
formed after 40 minutes' exposure had a diam 
eter of 15 mm. and the curl formed after 16 
hours' exposure had a diameter of 13 mm. and 
a coil length of 43 mm. The hair was Soft and 
unchanged in feel and appearance. 

6.8 parts of beta mercapto isobutyric acid were 
substituted for the beta, mercapto butyric acid 
and 8.9 parts of monoethanol amine Sulfite were 
substituted for the potassium sulfite in the above 
example. Then using added monoethanolamine 
as the alkalizing agent in place of annonia, the 
following results were obtained at pH 9.3. A 40 
minute exposure resulted in a curl having a di 
ameter of 26 mm., and a 16 hour eXposure re 
sulted in a curl having a diameter of 14 mm. 
and a coil length of 43 mm. In neither case Was 
the hair perceptibly damaged. In this case the 
potential concentration of each of the mercaptain 
and organic thiosulfate was about 0.36 molal. 

Eacample 9-6 parts or 0.057 mole of thiolactic 
acid were diluted with 60 parts of Water and 5 
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parts of ammonia water containing 28% NH3. 
The solution was oxidized as in previous exam 
ples with 10% solution of hydrogen perioxide to 
convert the mercapto acid to the corresponding 
disulfide. 
To the above solution were added 6 parts or 

0.058 mole of sodium bisulfite and sufficient wa 
ter and ammonia water to adjust the alkalinity 75 

16 
to a pH of 9.3 and the weight to a total of 100 
parts. The disulfide produced on Oxidation of 
the thiolactic acid was thus reduced to yield 
mercaptain and the corresponding Organic thio 
Sulfate in equinolar amounts, the total poten 
tial concentration of each being about 0.33 molal. 
This solution was also used as in previous ex 

amples to prepare curls from human hair. A 40 
minute exposure of the air to the solution above 
prepared resulted in a curl having a diameter 
of 15.2 mm. 16 hours' exposure at 80° F. re 
sulted in a curl having a diameter of slightly 
less than 13 mm, and a coil length of 38 mm. 
The hair was Soft and normal in feel and ap 
pearance. . 

8.4 parts or 0.057 mole of alpha mercaptohex 
anoic acid diluted. With 50 parts of Water con 
taining sufficient ammonia, to render the Solu 
tion slightly alkaline were substituted for the 
thiolactic acid, water, and ammonia, Water, and 
7 parts (or 0.051 mole) of 85% ammonium Sul 
fite for the sodium bisulfite in the above exam 
ple. Test curls prepared from human hair us 
ing this solution yielded the following data: 
Exposure for 40 minutes resulted in a curl hav 
ing a diameter of 12.5 mm. and a coil length of 
48 mm. Exposure for 16 hours at 80° F. re 
sulted in a diameter of 8.3 mm. and a coil length 
of 48 mm. In neither case was the hair Sub 
stantially damaged by this Solution which was 
potentially about 0.34 molal in both mercaptain 
and organic thiosulfate. 

8.7 parts or 0.056 mole of thiosalicylic acid can 
be substituted for the alpha mercaptO hexanoic 
acid in this example to yield a composition hav 
ing substantially the same properties. 

Even higher molecular weight materials than 
mercaptohexanoic acid and thiosalicylic acid can 
be used if they are Sufficiently soluble in Such 
hair treating Solutions. For example, mercaptO 
carboxylic acids containing 10 carbon atoms are 
sufficiently soluble in the form of their alkali 
metal and ammonium salts. 

Eacample 10-11.4 parts of 74% thioglycolic 
acid ( =C- about 0.092 mole) were dissolved in 150 
parts of water to which had been added 5.3 parts 
of ammonia, water containing 28% NH3. To the 
solution was added a 10% solution of hydrogen 
peroxide as previously described to convert the 
mercaptain to the corresponding disulfide. 
The disulfide thus formed was reduced by the 

addition of 5.9 parts of 84%, ammonia Sulfite 
(-C 0.043 mole), mercaptain and an equimolar 
amount of organic thiosulfate being formed. 
Water and ammonia, were then added to bring 
the pH to about 9.3 and the total weight to 200 
parts. The total potential concentration of both 
mercaptain and organic thiosulfate was equiva 
lent therefore to about a 0.24 molal Solution. 
A piece of wool flannel was soaked in this so 

lution for 40 minutes at 100° F., then thoroughly 
rinsed. It was found that the treated cloth was 
more resistant to shrinkage during laundering 
than was a Sample of the same cloth without the 
treatment with the above solution. 
A Strand of 12 fibers of South American carpet 

Wool was wound on a mandrel and exposed to the 
Solution of this invention for 2 hours, then rinsed 
and fixed as in the case of human hair. A per 
manent curl was imparted to the wool and no 
perceptible damage was observed. 

Eacample 11-A Solution was made from 5 
parts (0.054 mole) of thioglycolic acid and 50 
parts of Water. To this solution was added a 
slight excess of ammonia over that required for 
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neutralization and just sufficient hydrogen pe 
Oxide to Oxidize the resulting thioglycolate to 
the corresponding disulfide. To this solution, 
now containing 0.027 mole of ammonium dithio 
diglycolate, were added 2.7 parts (0.027 mole) of 
annonium bisulfite and 2.5 parts (0.012 mole) 
of sodium glyceryl thiosulfate. Water and am 
monium hydroxide Solution containing .28% NH3 
were added to biing the total weight to 100 parts 
and the pH to 9.3. The resulting solution pos 
SeSSed a total mercaptain forming potential 
equivalent to about 0.31 molali and a total organic 
thiosulfate forming capacity-equivalent to about 
0.44 molal or 142 molar per cent of the potential 
mercaptain concentration. 
This solution was used in making test curls 

according to the procedure which has been de 
scribed before. The following observations were 
made in connection with the curls, so formed. 

. Diameter Coillength 
Time Teraulife tre mm. after exposure exposure . p 

of 
1 hr-------------------'' mar an 100' 40 
16 hr------------------------ 

These curls produced with this solution were 
soft and, as indicated by the coil lengths and 
visual observations, no damage was evident even 
after exposure for 16 hours at 80° F. 

Eacample 12- The solution of Example 11 was 
used to soften a strand of 12 human hairs wound 
on a curler of 6.5 mm. diameter by exposure for 
10 minutes to the solution at a temperature sub 
stantially above body temperature. The solu 
tion was at 194°F. at the time of initial contact, 
but at the end of the 10 minute exposure period 
the temperature had dropped to about 130 F. 
The hair thus softened was rinsed and treated 
with 1% sodium chlorite as usual. The curl 
formed had a coil length of 41 mm. and an aver 
age diameter of 7.7 mm. From these data, and 
from visual observation it was evident that the 
solution did not cause undesirable damage to 
the hair in the heat waving process employed. 

Eacample 13-6 parts (0.057 mole) of thiohy 
:dracrylic acid were mixed with 50 parts water 
and 5 parts concentrated ammonium hydroxide 
containing 28% NH3. A 10% solution of hydro 
gen peroxide was added to this mixture until, as 
indicated by the nitroprusside-test, the oxidation 
of the mercaptain to the corresponding disulfide 
was just complete. 
To the resulting solution were added 4.2 parts 

of a 61% solution of ammonium bisulfite 
(=C=0.026 mole) and 34.8 parts of a 33.6% solu 
tion of disodium carboxy methyl thiosulfate 
(-C-0.054 mole). Sufficient ammonia and water 
to bring the alkalinity to a pH of 9.3 and the 
total weight to 100 parts were then added. 
Any disulfide molecule which reacts with the 

sulfite thus added forms a molecule of mercaptain 
and a molecule of organic thiosulfate. Were the 
reaction to continue until all of the sulfite was 
used up, the solution would be about 0.34 molal 
in mercaptain and 1.04 molar in thiosulfate Or 
about 300 molar percent of the potential mer 
captain concentration. 

This solution was used to Saturate Strands of 
hair wound on curlers as in previous examples, 
a 16 hour exposure at 100°F. resulting in a curl 
diameter of about 134 mm. and a coil length of 
46 mm. The curled hair was soft and unchanged 
in feel and appearance. 
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Eacample 14-5 parts or 0.054 mole of thio 

glycolic acid were dissolved in 50 parts of water 
containing 5 parts of 28%, concentrated ammonia, 
water. To the mixture was added a .10% solu 
tion of hydrogen peroxide to convert the mer 
captain to the corresponding disulfide, the tem 
perature of the mixture being held below 20° C. 
during the oxidation. To the resulting mixture 
were added 42 parts of a 61% solution of am 
monium bisulfite (-C0.026 mole) and 17.4 parts 
of a 33.6% solution of disodium carboxy methyl 
thiosulfate (C-0.027 mole) (prepared by the re 
action of Sodium chloracetate and sodium thio 
Sulfate and therefore containing sodium chloride 
equivalent to the organic thiosulfate). Water 
and concentrated ammonia were then added to 
bring the pH to about 9.3 and the totai weight 
to 100 parts. 
The potential concentration of mercaptain in 

the resulting Solution was about 0.35 molal, and 
the total potential concentration of thiosulfate 
was about 0.70 molal or about 200 molar per cent 
of the potential mercaptain concentration. 
The above solution was used to curl strands 

of-human hair using a 6.5 mm. curler as described 
in previous examples. A 40 minute exposure at 
100 F. resulted in a curl diameter of 17 mm. 
Exposure for 16 hours at 100 F. resulted in a 
curl diameter of 11.4 mm... and a coil length of 
34 mm. The hair was soft and normal in feel 
and appearance and not perceptibly damaged. 

7.7 parts of mercapto ethyl sulfonic acid can 
be substituted for the 5 parts of thioglycolic acid 
in this example to yield a composition having 
‘Substantially the same properties. 

Eacample 15-11.4 parts of 71% thioglycolic 
acid (-C-0.088 mole) were diluted with 120 parts 
-of-water and the solution was made slightly alka 
line by the addition of -ammonia. The mercaptain 
was oxidized to the corresponding disulfide with 
a 10% solution of hydrogen peroxide. To the 
resulting Solution were added 3.6 parts of solid 
84% ammonium sulfite (-C-0.026 mole) and 33.2 
parts of a 25% solution of disodium carboxy 
methyl thiosulfate (-C-0.038 mole). To the mix 
ture were added water and concentrated am 
monia to increase the alkalinity to a pH of about 
9.3 and the total weight to 200 parts. 
The potential mercaptain concentration in the 

above Solution is about 0.25 molar while the total 
potential thiosulfate concentration is about 0.47 
molal or 1.88 molar percent of the potential mer 
captain concentration. 
A 6-inch Square of wool flannel-soaked in this 

solution for 40 minutes at 120° F. and thoroughly 
rinsed shrank in washing only 14.6% of its area, 
-as compared With an area shrinkage of 41.9% for 
a portion of the original, untreated wool flannel 
IWashed at the same time under the same condi 
tions. 

Eacample 16-5.1 parts or 0.055 mole of thio 
glycolic acid were dissolved in 70.0 parts water 
‘and the solution was made alkaline by the addi 
tion of 12 parts of ammonium hydroxide contain 
ing 28% NH3. To this solution was added 0.8 
part of a 30% solution of hydrogen peroxide, 13 
parts of thioglycolic acid ( 00:014 mole) being 
oxidized thereby to about 13 parts of dithio. 
diglycolic acid (as the ammonium salt) (so-0.007 
mole). Caution was taken to keep the solution 
cool during oxidation. To the resulting solution 
were added 5.2 parts of an ammonium bisulfite 
solution prepared by dissolving 74 parts of SO 
in 100 parts of concentrated ammonia water con 
taining 28% NH3 (-C-0.035 mole ammonium bisul 
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fite). The mixture was then adjusted to a total 
weight of 100 parts and to a pH of 9.3 by the ad 
dition of water and ammonium hydroxide. 
The potential mercaptain concentration of the 

above Solution is about 0.55 molal while the 
potential organic thiosulfate concentration is 
about 0.08 molal or about 15 molar per cent of 
the potential mercaptain concentration. 

Test curls of human hair prepared with this 
Solution using a 6.5 mm. Curler Substantially in 
accordance With the procedures already described 
had the following characteristics. 

Diameter of curl 
in Inn. after 
exposure 

Coil length of curl 
in mm, after 
exposure 

16 hrs. 
at 

100°F. 

16 hrs. 
at 

100 F. 

10 min. 
at 

100°F. 

10 min. 
at 

100°F. 

7.1 34 57 6, 8 

As a basis of comparison, similar test curls 
were made with commercial waving lotion con 
taining ammonium thioglycolate equivalent to 
about 5% thioglycolic acid and no organic thio 
sulfate. A curl of human hair produced by 30 
minutes contact at 100 F. with this commercial 
lotion resulted in a coil length of 57 mm. and a 
Strand of hair treated for 16 hours at 100 F. 
was almost completely destroyed as the damage 
was so great that the treated hair did not fall 
into curls for diameter measurement in the usual 
manner, but gave a coil length of 92 mm. Thus 
it is seen that the presence of only 15 molar per 
cent of potential organic thiosulfate based on the 
potential mercaptain concentration in the above 
experimental solution greatly reduced hair 
damage, since such a Solution produced a coil 
length of only 57 mm. instead of 92 mm., after 
16 hours exposure at 100 F. Of course, even 
greater protection against hair damage at 100 F. 
Will result with solutions such as the above if 
proportions are adjusted to give more potential 
thiosulfate-forming capacity in the mixture. 
he monoethanol amide of thioglycolic acid can 

be used to replace a part of the 0.055 mole of 
thioglycolic acid in the test solution of this ex 
ample with substantially the Same result. 

Eacample 17-75 parts of an 8%. Solution of 
thioglycerol (-C-0.055 mole) were first rendered 
alkaline with ammonia, then carefully oxidized 
by the addition of a 15% solution of hydrogen 
peroxide until the mixture just failed to give a 
positive mercaptain reaction with nitroprusside. 
The resultant solution, now containing the disul 
fide, dithiodiglycerol, at a pH of about 9.0, was 
used to dissolve 6 parts or 0.034 mole of sodium 
hydrosulfite (Na2S2O4). Several hours after this 
mixture was prepared, enough ammonia, and 
Water were added thereto to increase the weight 
to 100 parts and the pH to 9.3. The mixture after 
standing contained thioglycerol and glyceryl 
thiosulfate in a molar ratio greater than 1 : 1 
as a result of the reaction of disulfide with hydro 
sulfite which reaction is believed to take place 
according to one or more of the following 
mechanisms: 

As a result of this reaction, the potential con 
centration of mercaptain is about 0.43 to 0.54 
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2O. 
molal and the potential concentration of organic 
thiosulfate is about 0.11 to 0.21 molal or between 
20 and 50 molar per cent of the potential mer 
captain concentration in the above solution. 
This solution was used to Saturate a strand of 

12 human hairs wound in the usual way on a 
curler of 6.5 mm. diameter. Exposure to this 
Solution for 10 minutes at 100 F., Subsequent fix 
ing of the curl, etc. produced a tight curl having 
a diameter of 7 to 8 mm. The hair was Soft and 
unchanged in feel and appearance. 
This solution was also used in waving the hair 

of a living human being as follows: The hair of 
the subject was first shampooed, then blocked and 
divided into strands. Each strand Was thor 
oughly wet with the solution. The wetted Strands 
of hair were then Wound on curlers and each curl 
was then saturated with an additional portion 
of the solution. The head was then covered with 
a turban to reduce evaporation to a minimum. 
After about 25 minutes, the turban was removed 
and the hair, while held in the desired configura 
tion, was rinsed with water and then treated with 
a sodium chlorite solution to fix the curl. The 
hair was then unwound from the curlers, treated 
again. With sodium chlorite solution, Set and dried. 
An excellent permanent Wave resulted, the hair 
being soft and unchanged in feel and appearance. 
The Solution used in this example was also suc 

cessfully used to curl South American carpet wool. 
Strands were curled in 6 hours with considerably 
less damage than that noted When a mercaptain 
alone was used under comparable conditions. 

In all of the uses of this example, potassium 
hydrosulfite can be substituted for the Sodium 
hydrosulfite with substantially the same results. 

Eacample 18-50 parts by Weight of a 10% 
solution of thiosorbitol (-C-0.025 mole) at a pH of 
9.3 by alkalization with ammonia, were oxidized 
at room temperature with a 30% solution of 
hydrogen peroxide until the nitroprusside test 
became negative, indicating conversion of the 
thiOSorbitol to dithiodisorbitol. Six parts of 
ammonia Water containing .28% NH3 and 4 parts 
or 0.023 mole of sodium hydrosulfite were mixed 
With the dithiodisorbitol Solution and the result 
ing mixture allowed to stand overnight. The foll 
lowing day the solution was adjusted to a total 
of 70 parts and to a pH of 9.3 by the addition of 
water and ammonia. The potential mercaptain 
concentration of such a solution would be about 
0.28 to 0.36 and the potential concentration of 
organic thiosulfate would be about 0.07 to 0.14 
or between 20 and 50 molar per cent of the poten 
tial Inercaptain concentration according to the 
probable reaction mechanisms which have been 
postulated. 
When this Solution was used to permanently 

Wave strands of human hair in the manner previ 
Ously described, an exposure time of 30 minutes 
at 100° F. produced curls of 8.5-9 mm. diameter 
Without perceptible damage to the hair. 

Eacample 19.-A mixture of 3.9 parts or 0.050 
mole of mercapto ethanol and 5.4 parts or 0.050 
mole of thioglycerol was dissolved in 50 parts of 
Water and made alkaline with 4 part of 28% 

A 15% solution of hydrogen 
peroxide was added until the nitroprusside test 
for mercaptain became negative. Three disulfides 
were formed in the oxidation, dithiodiglycerol, 
dithiodiethanol, and hydroxyethyl glyceryl disul 
fide. To this solution were added 9.2 parts or 
0.053 mole of sodium hydrosulfite, 12.2 parts of 
28% ammonia water, and water to a total of 
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167 parts. The final pH of the solution was 93 
after standing for several hours. 
The potential mercaptansconcentration:of this 

solution was about 0.46 to -0.57 molal and the 
:potential organic thiosulfate totaled about 0.11 
to 0.23:molal, or between 20 and 50 molarper cerit 
of the potential mercaptain concentration. 

Tight curls of about 9 mm. diameter were 
obtained when this solution was used in short 
exposures at 100°F., in accordance with the pro 
cedure already outlined. In covernight exposures 
to the solution at 80° F., the hair remained soft 
and was normal in feel and appearance. Coil 
lengths of 43-47 mm. were:observed in contrast to 
coil lengths of : 65-95 obtained under the same 
conditions of prolonged exposure with the use 
of a commercial mercaptain waving Solution con 
taining ammonium thioglycolate as the mer 
captain. 

Disulfide mixtures containing dimethyl disul 
ifide, methyl-sorbityl disulfide-and-dithiodisorbitol 
may be prepared by the oxidation of a mixture 
of methyl mercaptain and thiosorbitol Substan 
tially as described in the above example, then 
reduced with hydrosulfite and similarly used for 
permanent waving with improved results. 
The examples above (5 through 19) include:the 

preparation of the organic disulfide, the method 
given being, one of the most practical and eco 
nomical possible. In any of the above-examples, 
air, oxygen, iodine and other oxidizing agents 
known in the art may be used in place of the 
hydrogen peroxide:shown. The organic disulfides 
can also be prepared from sources other than that 
shown without impairment of their usefulness in 
the practice of the invention. In the examples 
which follow, the disulfides may be obtained from 
any convenient Source. 

Eacample 20.--The following hair softening 
solution was prepared: 

5.0 parts, or 0.023 mole dithiodiglycerol 
2.9 parts or 0.023 molesodium sulfite 
92.1 parts of water and acetic acid to give pH 

of 9.6 

This solution, potentially about 0.25 molal in 
both-mercaptain and thiosulfate, was tased to curl 
a strand of 12 human hairs (length=100 mm. 
from knot to end) wound on a curler having a 
diameter of 6.5 mm. as in preceding examples. 
After 22 minutes the solution was rinsed from 
the hair and a 1% solution of sodium chlorite 
used to set or fix the curl. After renoval of the 
strand from the curler, it was observed that the 
resulting curl had a diameter of about 9 mm. 
and that the hair was not pereeptibly damaged. 
A solution of about this same concentration 

was made up using ammonium bisulfite in place 
of sodium sulfite with added ammonia to produce 
a final pH of 9.3. A test curl exposed to this 
solution for 10 minutes had a curl diameter of 
9.5 mm. and the hair was not perceptibly 
damaged. 

Potassium sulfite can be used as the reducing 
agent in these solutions with substantially the 
same result. Moreover the time of exposure of 
the hair to the softening solution can be ex 
tended for 10-15 hours with surprisingly less 
damage than with similar solutions containing 
only the mercaptain without the thiosulfate. 

Dithio diethanol can be substituted for the 
dithiodiglycerol in these solutions with substan 
tially the same result also. 
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Ecample 21er The following ingredients were 

mixed and formed into a solution: 
10.7 partis-dithiodiglyceroli (-C-0.050 mole) 
26.3 parts 'sodium sulfite: (20-0.050 mole) 
29 parts sodium-chloride 

125.1 parts water 

145.0 parts total (pH=about 10.45) 
This solution, potentially about 0.40 molal in 

both mercaptain and thiosulfate, was used to 
Wave a strand of 12 human hairs as in other 
examples. The spiral coil length after 16 hours 
contact with this solution at 80° F. was 31 mm. 
The shortness and springiness of the curl so 
formed plus visual observation indicated that no 
perceptible damage had resulted to the hairfron 
this treatment. 

Eacample 22-A 63% solution of the sulfite of 
monoethanolamine, (CH2OHCH2NH3)2SO3, was 
prepared by dissolving 15.8 parts of sulfur di 
oxide in a mixture of 30.2 parts ethanolamine 
and 33.9 partsWater. 
The following ingredients were then mixed 

and formed into a uniform Solution: 
6.4 parts dithiodiglycerol (-C-0.030, mole) 
11.1 parts 63% solution of monoethanolamine 

sulfite (Ki 0.034:mole) 
11 parts;monoethanolamine 
814 parts Water 

i000 parts total (pHs:about 93) 

This solution, potentially about 0.35 mola in 
both mercaptain and thiosulfate, was used in 
making test curls in the usual manner, using a 
curler of 6.5 mm. diameter. Exposure to this 
solution for 10 minutes at 100°F. resulted in a 
test curl diameter of about 9.5 mm. and the hair 
was not perceptibly damaged by such treatment. 

Eacample 23-A Solution was made using the 
following ingredients: 

5.0 parts dithiodiethanol (-0-0.032 mole) 
6.0 parts sodium hydrosulfite (C-0.345 mole) 
8.6 parts ammonium hydroxide containing 

28% NH3 
804 parts Water 

100.0 Eparts total (pH-seabout 95 after standing 
for several hours). 

This Solution is estinated to have a potential 
mercaptain concentration of 0.49 to 0.62 molal and 
a potential concentration of organic thiosulfate 
of 0.12 to 0.25 molal, or about 20 to 50 molar per 
cent of the potential mercaptain concentration. 
Tests curls of human hair were formed using 

the above solution in the usual manner. The 
following measurements were made on these test 
curls. 

Coillength in 
mm. after treatment 

For 10 min. at 100°F.---------------------- "30 
For 16 hours at 80°F. ------------------- 31 
For 16 hours at 100°F. -------------------- 39 
From these data, it will be observed that the 

spiral coil wayed by even prolonged exposure to 
the solution of the present invention was sur 
prisingly short and springy, indicating very little 
"hair damage under these-conditions. These re 
sults confirmed visual observations on the waved 
strands. 

Ecample 24-The following solution was pre 
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pared and used to wave a strand of 12 human 
hairs as in past examples: 

3.0 parts dithiodipropanol (-C-0.0165 mole) 
6.0 parts sodium hydrosulfite (-C-0.0345 mole) 
8.6 parts ammonium hydroxide containing 

28% NH3 
82.4 parts water 

100.0 parts total (pH=about 9.5 after standing 
for Several hours). 

A tight curl was obtained on exposure to the 
above solution for 10 minutes at 100 F. Without 
perceptible damage to the hair. The potential 
mercaptain concentration of this Solution is esti 
mated at 0.25 to 0.31 molal and the potential con 
centration of organic thiosulfate at 0.06 to 0.12 
molal. 

Eacample 25-The following Solution was pre 
pared. 

5.0 parts dithiodiglycerol (-C-0.023 mole) 
1.0 part thioglycerol (-C-0.009 mole) 
5.0 parts sodium hydrosulfite (-C-0.028 mole) 
7.1 parts ammonia water (28% NH3) 

81.9 parts water 

100.0 parts total (pH=about 9.4) 
The potential mercaptain concentration of the 
above solution is estimated at 0.44 to 0.53 molal 
and the potential concentration of the organic 
thiosulfate at 0.09 to 0.17 molal or about 17 to 
40 molar per cent of the potential, mercaptain 
concentration. 
After the above solution was allowed to stand 

for several hours, it was used in preparing test 
curls in accordance with the standard procedure. 
The following results were obtained. 

Coillength of curl 
in mm. after 

Diameter of curl 
in Inn. after 
exposure- exposure 

Solution --- - v. 

10 min. 16 hrs. 10 min. 16 hrs 
at at at at 

1000 F. 1000 F. 100°F. - 100°F 

Solution of this example-- 7.0 6, 5 33 42 

Here again even prolonged exposure is seen 
to result in only slightly greater damage, as 
evidenced by somewhat greater coil length. . In 
both cases the hair appeared to be substantially 
unchanged in quality and strength. 

In a series of cold permanent waves conducted 
on living human hair substantially in accordance 
with the procedure of Example 18 but employing 
the composition of my invention prepared ac 
cording to the procedure described above in this 
example, excellent results were obtained without 
perceptible damage to the hair in exposure times 
varying from 10 to 70 minutes depending upon 
the texture of the hair being Waved. 

Eacample 26.-6 parts or 0.028 mole of dithio 
diglycerol were dissolved in 40 parts of Water con 
taining 10 parts of concentrated ammonium hy 
droxide (28% NH3). To the solution were added 
4 parts or 0.023 mole of solid sodium hydrosulfite. 
The mixture was allowed to stand overnight dur 
ing which time the hydrosulfite reacted with the 
dithiodiglycerol yielding an equilibrium mixture 
containing some of the corresponding mercaptain 
and organic thiosulfate. To this mixture were 
added 41.8 parts of an aqueous Solution contain 
ing 31.4% sodium glyceryl thiosulfate 
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To the resulting mixture were added sufficient 
water and ammonia, to bring the pH to 9.3 and the 
total weight to 100 parts. Based upon the hypo 
thesized reactions between hydrosulfite and di 
sulfide previously given, the resulting Solution is 
estimated to contain a potential mercaptain con 
centration of about 0.51 to 0.64 molal and a po 
tential concentration of organic thiosulfate of 
0.99 to 1.11 molal or about 150 to 220 molar per 
cent of the potential mercaptain concentration. 
This solution was used to form test curls ac 

cording to the standard procedure already out 
lined. The curl resulting from 40 minutes' ex 
posure at 100°. F. had a diameter of about 11.8 
mm. The curl exposed for about 16 hours had 
a diameter of about 8 mm. and a coil length of 
37 mm. These data indicate that exposure for 
the extended period of 16 hours at 100 F. re 
Sulted in a tight curl but did not result in Ob 
jectionable hair damage, as indicated by the short 
coil length. Visual examination of the curled 
hair likewise failed to reveal perceptible damage. 
Contrast this with the action of 6% thioglycerol 
Solution containing no thiOSulfate. Under com 
parable conditions a test curl formed by 16 hours' 
exposure to this Solution at 100 F. had a coil 
length of 65 mm. 

Eacample 27-The Solution of Example 26 was 
employed to curl a 12-fiber strand of South Amer 
ican carpet Wool by two hours' exposure at 100° 
F. The Curled Wool had a curl diameter of 8A 
mm. and a coil length of 55 mm. As previously 
pointed out, the coil lengths in the case of wool 
are consistently appreciably greater than in the 
case of hunian hair, even when no perceptible 
damage is done. The wool in this case appeared 
unharmed by the above treatment. 

Eacample 28.-In accordance with my invention 
the following solution was prepared: 

4.5 parts thioglycerol (-C=0.042 mole) 
1.5 parts dithiodiglycerol (=C-0.007 mole) 
5.2 parts annonium bisulfite Solution contain 
ing 66% NH4HSO3 (=C-0.034 mole) 

88.8 parts Water and ammonia water 
NH3) to pH 9.3 (28% 

The potential mercaptain concentration of this 
Solution is about 0.55 molal and the potential 
concentration of Organic thiOSulfate is about 0.08 
molal or about 15 molar per cent of the poten 
tial mercaptain concentration. 
Test curls prepared With the aid of this solu 

tion in accordance with the standard procedure 
were soft, appeared undamaged, and had the foll 
lowing characteristics in contrast to those test 
curls produced by 6% thioglycerol alone. 

Diameter of curl Coil length of curl 
in nin. after in nm. after 
exposure for- exposure for 

Solution - 

- 10 min. 16 hrs. 
at at 

100°F. 80° F. 
16 hrs. 

at 
80°F. 

10 min. 
at 

100°F. 

33 Solution of this example- 6.8 
6.9 67 

Y. 8 27 6% thioglycerol (alone).-- 9 
6. 
6. 32 

In a series of cold permanent waves conducted 
on living human hair Substantially in accordance 
with the procedure of Example 17 but employing 
the composition of my invention as prepared in 
this example, excellent results were obtained 
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without perceptible: damage to the hair in expo 
sure-times varying from 13 to.25 minutes depend 
ing upon the texture of the hair being waved. 

Eacample 29-The following solution was pre 
pared: 

2.0 parts dithiodiglycerol ( 0:009 mole) 
4.2 parts 95% thioglycerol (, 0.037 mole) 

11.1 parts of a 63% solution of monoethanola 
mine sulfite prepared by dissolving 15.8 
parts of SO2 in a mixture of 30.2 parts of 
monoethanolamine and 33.9 parts, water 
(=C-0.034, mole" (CH2OH-CH2NH3)2SO3) 

1.3 parts monoethanolamine. 
81.4 parts water 

100.0 parts total (phs about 9:3) 

The potential mercaptain concentration of this 
solution is about 0.54 molal and the potential 
concentration of organic thiosulfate is equivalent 
to about 0.11 molal or about 20 molar per cent of 
the potential mercaptain concentration. 
A test curl exposed 10 minutes at 100F, had a 

diameter of 7.5 mm. The hair was soft and un 
changed in feel and appearance. 

Instead of those reducing agents and disulfides 
and/or the equivalent mercaptains and/or thio 
sulfates used in the above...examples, other simi 
lar compounds can be substituted as is apparent 
from the description which preceded these ex 
amples. 

Having thus described my invention, what I 
claim and desire to secure by Letters Patent is: 

1. A new composition comprising an aqueous 
solution at pH 7 to 10.5 of the equilibrium reac 
tion mixture of (a) water-soluble mercaptain of 
the general formula, RSH and (b) water-Soluble 
salt of thiosulfuric acid of the general formula, 
R'SSO3H wherein each of the symbols, R. and R', 
represents a monovalent organic radical which is 
free of the concomitant presence of a carboxyl 
group and an amino group, and in which the free 
valence is on an aliphatic carbon atom, the total 
potential concentration of mercaptain in said so 
lution being between 0.05 and 2.0 mola. 

2. A new composition comprising an aqueous 
solution at pH 7 to pH 0.5 of the equilibrium 
reaction mixture of (d) organic disulfide of the 
general formula, RSSR' wherein each of the Sym 
bols, R. and R', represents a monovalent organic 
radical which is free of the concomitant pres 
ence of a carboxyl group and an amino group, 
and in which the free Valence is on an aliphatic 
carbon atom, and (b) water-soluble sulfite salt, 
the concentrations of (a) and (b) being such that 
the molal concentration of mercaptain poten 
tially producible in such a solution by their com 
plete reaction is between 0.05 and 2.0. 

3. A composition for the treatment of keratin 
containing fibers, comprising in aqueous am 
moniacal solution at pH 9.0 to 9.5 a mixture of 
compounds occurring on reaction of the disulfide 
of thioglycolic acid, in the form of the ammonium 
salt, with ammonium sulfite, the concentration 
of the solution expressed as disulfide equivalent, 
being not substantially less than one per cent by 
weight, and the molar ratio of sulfite to disulfide 
being not substantially less than 42 mole and not 
Substantially more than 10 moles Sulfite per mole 
disulfide. 

4. A composition for treating keratin-contain 
ing substances comprising an aqueous solution at 
pH 7 to pH 10.5 of (a) sulfite salt, (b) organic 
disulfide of the general formula RSSR', and (c) 
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an added amount of water-soluble material 
chosen from the group consisting of mercaptain 
of the general formula R''SH, salt of thiosul 
furic acid of the general formula R.' 'SSO3H, and 
mixtures thereof wherein each of the symbols 
R., R., R.' and R'-represents a, monovalent 
Organic radical which is free of the concomitant 
presence: of a carboxyl group and an: amino 
group, and in: which, the free valence is on an 
aliphatic carbon atom, the total potential mer 
captain concentration being between 0.05 and 2.0 
molal. 

5. A composition as in claim 4 wherein the 
radicals represented by R.R., R', and R'' are, 
in part at least, organic radicals, containing at 
least one alcoholic hydroxyl group. - 

6: A. composition: as ini claim 4 wherein the 
radicals represented by R. R', R', and R'' are, 
in part, at least, organic radicals containing at 
least one sulfonate group. 

7. A composition as in claim 4 wherein the 
radicals represented by R. R., R.'', and R'' are, 
in part at least, organic radicals containing at 
least one carboxyl group. 

8. A composition as in claim 4 wherein- the 
radicals represented by R,R, R', and 'R'' are, 
in part at least, organic radicals containing at 
least one amide group. 

9. A composition as in claim 4 wherein. the 
radicals: represented by R, R2, R', and R'' are, 
in part at least, organic radicals containing at 
least one ether group and at least one alcoholic 
hydroxyl group. 

10. A composition for permanently changing 
i. the: COEnfigurations of keratin-containing. Sub 
stances consisting essentially of an aqueous-am 
moniacal Solution at pH 9.0 to pH 9.5 of am 
monium thioglycolate and in addition thereto 
the compounds occurring on reaction of water 
Soluble dithiodiglycolate with water-soluble sul 
fite to substantial equilibrium. 

11. A composition for permanently changing 
the configuration of keratin-containing sub 
stances comprising in aqueous ammoniacal solu 
tion at pH 9.0 to pH 9.5 ammonium thiogly 
colate and water-soluble salt of carboxymethyl 
thiosulfuric acids, the molar ratio of the thio 
Sulfuric acid Salt to thioglycolate being greater 
than 1 : 1. 

12. A composition for permanently waving 
hair without substantial damage thereto com 
prising in aqueous solution at pH 9.0 to 9.5 Sub 
stituted alkyl mercaptain and organic thiosulfate 
each chosen from the group consisting of (a) 
Soluble carboxylic acid derivatives containing 
only the elements C, H, O, and S, (b) soluble 
amides of said derivatives, and (c) mixtures 
thereof, the total potential concentration of the 
mercaptain being between about 0.10 molal and 
about 1.5 molal and the molar ratio of thio 
sulfate to mercaptain being at least 1/10. 

13. A composition for permanently Waving 
hair without substantial damage thereto com 
prising in aqueous solution at pH 9.0 to 9.5 mer 
captain of the general formula, RSH and salt of 
thiosulfuric acid of the general formula RSSO3H 
wherein R, and R' each represents an Organic 
radical which is free of the concomitant pres 
ence of both a carboxyl group and an amino 
group, and in which the free valence is on an 
aliphatic carbon atom, the total potential con 
centration of mercaptain being between 4 and 
15% by Weight and the molar ratio of thiosulfate 
to mercaptain being at least 1/20. 

14. A composition as in claim 13 in which R. 
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and R' are both thioglycerol residues having the 
chemical structure, 

B. B. B. 
IC-I-C-C- 
O O. E. 
H. H. 

15. A composition as in claim 13 in which R. 
and R' are both residues of primary mercapto 
carboxylic acids containing two to three carbon 
atoms, the general chemical structure of Said 
residues being 10 

HO-C-(CH2)- 
() 

where n is a whole integer from 1 to 2. 
16. A composition for treating keratin com- lS 

prising in aqueous Solution at pH 7 to pH 10.5, 
a mixture of compounds occurring on reaction 
of (d) Water-soluble organic disulfide of the gen 
eral formula RSSR' wherein each of the sym 
bols, R, and R', represents a monovalent organic 
radical which is free of the concomitant pres 
ence of a carboxyl group and an amino group, 
and in which the free Valence is on an aliphatic 
carbon atom, and (b) a water-soluble reducing 
agent chosen from the group consisting of water 
soluble normal sulfites, bisulfites, hydroSulfites, 
and mixtures thereof, the concentrations of (a) 
and (b) being such that the concentration of 
mercaptain potentially producible in Such a Solu 
tion by their complete reaction is between about 30 
0.10 and about 1.5 molal. 
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