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This invention relates to the coloring or dyeing of hair, 
fur, and similar keratinaceous substances or ?bers and, 
more particularly, to effecting such coloring by means 
of metallic salt complexesv applied directly to the ma 
terial to be colored or as chemically combined or linked 
to a pretreating agent previously applied to the hair or 
reacted with substances therein and/or with or without 
additional color modi?cation by a subsequently applied 
reactant. I 

As well known, of course, the dyeing or coloring or 
tinting of hair or fur has for years been carried out with 
a wide variety of dyes and other coloring materials, al 
though the dyeing or coloring of such materials, particu 
larly to obtain a permanent and lasting effect, presents 
a variety of well recognized problems distinct from other 
natural or synthetic ?bers. Especially in the dyeing or 
coloring of growing human hair (to which this inven 
tion is particularly adapted and which will be utilized in 
the following discussion as illustrative of the techniques 
and objects to which this invention relates), certain par 
ticularly exacting complications or problems may be en 
countered. 
For example, although various metallic salt dyes and 

organic dyestuffs of both natural and synthetic varieties 
have been extensively used for years in the dyeing of 
hair with more or less degrees of satisfaction, a number 
of well recognized de?ciencies and disadvantages obtain 

, with such attempts, particularly with growing human 
hair. The dif?culty of obtaining natural appearing 
colors or shades or hues with metallic salt dyes is well 
recognized, particularly in instances where it is desired 
that the dyed product appear completely natural and not 
dyed. Organic dyestuffs, such as the widely used para 
phenylenediamine-type of materials, are highly toxic to 
many individuals and produce frequent adverse physiologi 
cal effects so that, although satisfactorily used in the dyeing 
of animal fur, widespread use in human hair dyeing is 
tolerated primarily because of the general lack of any 
thing better. The shortcomings of other natural ma 
terials such as the henna-type dyes is well understood, 
despite the fact that such materials have been used for 
dyeing human hair for literally thousands of years. Even 
with such materials, however, di?iculty may be experi 
enced in achieving a desirably natural-appearing shade 
or color, and especially in situations where the particu 
lar shade or color desired or dictated by the precepts of 
a current fashion may be chemical dyeing reaction of con 
ventional dyestuffs with the various protein or amino 
acid materials which form the keratinaceous hair ?ber. 
Even if it is possible to obtain a particularly desired 

hue or shade with a blending of a variety of materials 
which might be described as dyestuffs, still other disad 
vantages may be experienced, particularly with human 
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hair, such as ancillary complications involving the neces 
sity of maintaining a harshly alkaline pH for the dyeing 
reaction or unhealthful concomitants of necessary oxida 
tion of the dye into the protein-affinity form, etc. Simi 
lar complexities may be experienced with hair coloring 
techniques involving the production in situ of melanin 
as the physiologically natural hair coloring material, par 
ticularly if it is desired to obtain a coloration in the red 
dish area and apart from the brown or black hues nat 
urally produced by melanin and/or of a reddish or other 
variety of color or shade which is either completely syn 
thetic or outside the spectrum of natural colors produced 
by physiological pigments other than melanin. 

Especially as applied to the treatment of growing hu 
man hair (and as distinct from the greater operational 
latitude permissible in the coloring or dyeing of other ani 
mal fur, hair, or Wool ?bers or other keratinaceous sub 
stances), substantial di?‘iculty may be experienced in 
achieving a desired hue or shade of coloration, whether 
by chemical ?ber dyeing or other coloring techniques, 
within the permissible area of physiologically innocuous 
chemical reactions While still obtaining the ultimate vis 
ual effect to approximate satisfaction in the user. Such 
visual satisfaction, as will be well understood, may be 
dictated by non-technological considerations which su~ 
perimpose upon the dyeing or coloring technology vir 
tually insuperable chemical problems involving not only 
the ultimate shade or hue of coloration achieved, but also 
the lustre and texture and tractability of the hair being 
treated, as well as such considerations as the necessity 
for repeated and frequent treatments of the same hair 
in order to accommodate the “growth” thereof and con 
stant exposure of new lengths of untreated hair adjacent 
the skin from which the hair is “growing.” 
According to this invention, by contrast, there is pro 

vided a system‘ or technique and compositions for achiev 
ing on hair or fur or other keratinaceous substances a 
variety of effects of coloration or dyeing for avoiding 
disadvantages heretofore encountered in connection with 
prior or conventional attempts to produce natural-ap 
pearing dyed effects with either metallic salt or organic 
types of dyestuffs on such materials or ?bers with con 
ventional dyeing or pigment~forming or mordanting 
techniques; and, in accordance with this invention, the 
desired coloring effects are produced bya variety of 
metallic salt or oxide complexes, principally chemically 
combined or linked with polypeptide components in the 
hair directly or with organic pretreatment agents applied 
to and/ or reacted with components in the hair for accept 
ing the metallic complexes, which complexes as so linked 
or reacted with such materials either ‘produce the desired 
degree and intensity of coloration or present for further 
reaction a potentially colori?c group or materials sus 
ceptible to engendering the desired color by subsequent 
chemical treatment. As more speci?cally stated features 
of novelty, the teachings in accordance herewith include 
the activation of or chemical combination with certain 
amino acid materials in the hair by a pretreating agent 
to or with which complex salts of certain metals, par 
ticularly the transition metals of Group VIII of the Pe 
riodic Table, form colored compounds or complexes and 
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may combine, either to produce the ?nally desired ulti 
mate color or to present a new chemical arrangement in 
or on the hair ?bers which is susceptible to colori?c mod 
i?cation by aftertreatment with a variety of subsequent 
modifying or complexing agents. 

With the foregoing and other objects in view, this 
invention will now be more particularly described, and 
other objects and advantages thereof will be apparent 
from the following description and the appended claims. 
As will be understood, of course, certain inorganic 

metallic salts may be considered as inherently possessing 
certain colored or coloring qualities in water solution 
or ‘otherwise, and some of them to some extent may be 
considered as having true dyeing propensities. Generally, 
however, the techniques and compositions in accordance 
with this invention are to be distinguished from such in 
herent qualities or propensities of simple inorganic metal 
salts. That is, the simple treatment of hair with aqueous 
solutions of metallic salts (no matter how colori?c they 
may be inherently) does not produce a dyeing or color 
ing elTect of the stability or intensity 'or controllability 
desired here for the particular coloring of human hair. 
For example, a variety of more or less impermanent 
colors or tints (in the sense that they can be more or 
less readily washed out by shampooing) may be imparted 
to human hair by applying thereto a variety of aqueous 
solutions of many colored metallic inorganic compounds. 
Indeed, there are even some instances where the mere 
application to reasonably blond or bleached hair of some 
simple aqueous solution of metal salts provides a dis 
tinct coloration of a more or less permanent nature--e.g., 
AuCl3 alone imparts a bright yellow color to bleached 
human hair, while aqueous solutions of cupric salts im 
part a more or less permanent light green color. Never 
theless, such effects are to be distinguished from the most 
preferred advantages obtainable in accordance herewith. 

This invention relates primarily to the achieving of 
the desired coloring or tinting effect utilizing a variety 
of metallic salts or complexes, particularly of the so 
called transition metals, which can be caused to bind or 
link, one way or another, permanently to the hair ma 
terials to impart thereto colored elfects, whether or not 
the particular shade or color is that normally associated 
as characteristic of the particular metal salt involved. 
Furthermore, treatments in accordance herewith achieve 
the desired effects even with metallic salt materials which 
inherently have no particular a?inity for any of the ma 
terials of which the hair is composed, and preferred 
results are attained in accordance herewith by the prior 
treatment of the hair and/or certain materials there’in 
with a pretreating chemical agent or reactant so as to 
make available reactive valences or combining linkages 
for the reaction or addition of the colori?c metallic com 
plex to achieve the desired permanency, shade 'or hue, 
and texture. 
For example, certain metallic salt materials with which 

satisfactory results are obtained in accordance herewith 
have been found not to have a particular colori?c or 
propensity with previously untreated human hair. Never 
theless, if the hair is ?rst chemically treated as disclosed 
with a variety of preliminary treating agents, a pre 
liminary situation is created wherein a variety 'of metal 
salt solutions form chemically combined arrangements 
or complexes permanently with the hair. Among such 
activating or preliminary treatments may be noted, par 
ticularly conventional alkaline peroxide bleaching tech 
niques, which are particular adapted for use in accord 
ance herewith because a person desiring to color hair 
frequently also wants to bleach the natural color out 
of the hair as a preliminary step to achieving the ultimate 
shade or color desired. 

Another, perhaps supplementary preliminary treat 
ment material with which satisfactory results are achieved 
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4 
in accordance herewith is illustrated by a substance such 
as ammonium thioglycolate (hereinafter referred to for 
brevity as ATG), which material is particularly adapted 
as a pretreatment agent for application to previously 
bleached hair and as being representative of those ma 
terials which exhibit a ready reactivity for one or more 
‘of the chemical linkages naturally occurring in human 
hair so as to form, in addition to the desired color-re 
active potential linkage, a material which also provides 
a certain amount of conditioning or softening or man 
ageability to the hair being treated at least suf?cient to 
olfset any contrary characteristics produced by the color 
ing treatment. , ' 

Thus, considering merely as illustrative of the treat 
ments in accordance herewith, the pretreatment results 
of utilizing ATG in hair coloring techniques in accord 
ance with this invention, one may note that a substantial 
portion (perhaps 20%) of human hair is formed of ma 
terial such as cystine compounds having an —RSSR—— 
linkage, with the R being an amino acid radical. Re 
action with ATG, with or without previous reaction in 
an alkaline peroxide bleaching step, breaks the —RSSR— 
linkage in the hair to produce ionizable or reactive 
—-SH—— and —RS— and/or a different and ionizable 
ammonium —RSSR— compound, some or all of which 
are readily available to acquire and/ or combine with a 
metallic complex, particularly in alkaline solution, to an 
extent far greater than woud be the case with merely 
attempting to react a metallic compound with the natural 
and stable cystine material. Such preliminary reactions, 
then, make possible the integration or combining or 
complexing of a variety of colori?c metallic salt solu 
tions directly or permanently with the hair materials for 
producing a coloration thereon or, at least, a reactive 
outer surface compound susceptible to color engender 
ing or changing upon further chemical reaction. As will 
be apparent, such results are obtained in a mechanism 
which, generally, may be considered somewhat different 
than any conventional dyeing technique and/or direct. 
coloring techniques in which solutions of simple inor 
ganic metallic colored salts may be utilized. 
As illustrative of such a sequential or complex reac 

tion and the advantages or results thereof, one may note 
the situation where a material such as a bivalent nickel 
salt in 5% water solution produces substantially no dis 
cernible color change when applied to the hair alone 
or to bleached hair, but the same solution of the metal 
lic salt produces a quite discernible and brownish color 
when applied to hair which has been previously bleached 
and treated with ATG, and a somewhat similar situa 
tion occurs with cobalt compounds. Similarly, the gold 
chloride mentioned above, while producing a bright yel 
low color when applied initially to bleached hair, pro 
duces a usable and satisfactorily natural appearing golden 
or auburn coloration when applied to such hair pre 
viously treated with ATG in accordance herewith. 

Also, it should be emphasized that the treatment of hair 
with AT G alone does not appear to produce any appre 
ciabile change in coloration, any more than is observed 
with the above noted nickel or cobalt solutions alone, 
so the effect of coloring is achieved with a combination 
of preliminary chemical treatment and subsequent metal 
lic complex and with demonstrably true synergism. 
Furthermore, the preliminary reaction of a complexing 
or pretreating agent such as ATG with the metal salts 
by mixing prior to the application of either to the hair 
fails to produce the coloring effect desired when applied 
to the hair, apparently because such preliminary reaction 
complexes the metal ions with the ATG and all avail 
able valences thereof so as to leave few if any available 
reactive linkage points for interaction or combining with 
the hair materials to produce the permanent coloring 
effect desired. 
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As further illustrative of suitable materials with which 
techniques embodying this invention may achieve satis 
factory results, it may be noted that the metallic coloring 
agent involved (here referred to as metallic complexes) 
may be produced particularly from the so-called transi 
tion metals of the Periodic Table, in aqueous or am 
moniacal or organic complexing environments. Thus, as 
noted above, merely a 5% aqueous solution of trivalent 
gold chloride produces the desired synergistic reaction 
with ATG-treated bleached hair, as do ‘aqueous solutions 
of a variety of other nickel, cobalt, cadmium, ferrous, 
ferric, cupric, etc.,isalts. Some of such materials also 
perform adequately or differently, and in some cases more 
advantageously, when utilized in ammoniacal solution, 
instead of merely aqueous solution, to form the desired 
metal complex for application to the previously treated 
hair. In many such cases a different color or a differ 
ent intensity or shade of color is provided when the 
metallic salt is applied in ammonia solution instead of 
plain water, and different anions may give different 
effects for the same metal ion, especially as between 
anions of different valences. As noted below, in most if 
not all of such situations, the color or shade or intensity 
thereof can be further enhanced or changed or even 
removed by subsequently applying an additional com 
plexing agent after the metallic material is applied to or 
linked on the hair and, in some cases, whether or not a 
preliminary complexing agent such at ATG was also 
utilized. 

Generally in accordance herewith, a variety of metals 
have been found satisfactorily to react or combine with 
bleached hair, either directly or after pretreatment there 
of with a complexing material such as ATG, although 
some of the metals so reacted did not inherently produce 
a noticeable color change in hair. Nevertheless, the 
bonding or linking of a metal ion or complex directly to 
the hair or to an intermediate treatment compound com 
bined therewith provides a situation where the color of 
the metallized hair may be subsequently modi?ed to pro 
vide the complete advantages hereof whether or not a de 
sirable color was obtained by the metallizing treatment 
alone. The fact of reaction on the hair is readily demon 
strable (even when no discernible color change occurs), 
particularly with metals applied in the form of a salt 
which is colored in aqueous solution, by noting the re 
duction in intensity of the color of the solution as the re 
action of the metal occurs with hair dipped into the color 
solution, as well as by a visual metallic effect appearing 
in the hair surface. 
Among the metals which reacted for complexing or 

binding to the hair in accordance herewith, in aqueous 
or ammoniacal solution and with or without an initial 
or unaided color change, may be noted a variety of metal 
lic ions including such metals as lithium, cesium, as well 
as copper, silver, gold, magnesium, calcium, barium, zinc, 
cadmium, and mercury from the ?rst two groups of the 
Periodic Table. Particularly of interest, however, are 
the transition metal elements or those which have in 
complete orbitals and a plurality of oxidation states such 
as those of Group VIII as well as such metals as latha 
mum and the lanthanide series of rare earths, the actinide 
series such as thorium, tin, and lead. Vanadium, bis~ 
muth, chromium, manganese, molybdenum, and urani 
um salts also were capable of complexing or binding 
results. 

It was primarily the metals of Group VIII of the Peri 
odic Table, however, which were found to produce the 
greatest or most useful color change in reaction with 
either the hair alone or with hair previously treated with 
a complexing agent such as ATG, and, particularly, iron, 
cobalt, nickel, palladium, and platinum. Although other 
Group VIII metals achieved the desired reaction, the ex 
treme rarity or expensiveness of rhenium and iridium 
and the extreme toxicity of osmium salts indicate that 
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6 
these materials are not preferred, especially in the treat 
ment of growing‘human hair. As previously noted, of 
course, copper and gold salts give direct and useful color 
effects, although these metals are not in Group VIII of 
the Periodic Table, but the metals of this latter group 
are essentially those with which preferred results are 
achieved in accordance herewith when a primary color 
change is desired upon initial application of either an 
aqueous or ammoniacal complex of the metal to the 
treated or untreated hair. 
As previously noted, after application of the metal com 

plex to the hair and the desired chemical bonding or 
linking thereto, some further modi?cation of the color 
effect may then be achieved by a subsequent treatment 
of the metallized hair by an additional complexing or 
treating agent. As illustrative of such materials with 
which satisfactory results are achieved herewith may be 
noted such materials as an amidoxime of cyanoethylcel 
lulose polymers (referred to here for brevity as ADC) 
and/ or thioamide materials or derivatives such as dithio 
oxamide (referred to as DTOA), etc. Although both 
the aforementioned materials or types of materials do 
produce color variations or modi?cations as indicated in 
more detail in the following data, the complexing or 
other mechanisms by which they each react on or affect 
the metallic materials linked to the hair may vary con 
siderably, as will be understood. 

enerally, as to visual effect, the subsequent applica 
tion of additional complexing agents or reactants to the 
metallized hair had the effect of deepening or darkening 
the color originally produced by the metal salt, although 
in some cases the actual color Was changed, rather than 
merely deepening the original shade. In other cases 
(e.g., ferric salts) the original color was actually light 
ened by subsequent application of a material such as 
AOC. In other cases, the application of one or the 
other of such materials as AOC or DTOA appeared to 
prevent or remove a color change obtained with the 
metal salt and only on activating pretreatment. 
From the standpoint of the chemical reactions in 

volved, it is essentially desired that the subsequent com 
plexing agent react with the metal ion previously linked 
to the hair to form therewith a metallic complex of the 
desired color, which color will be different from that 
originally produced by the reaction of the metallic salt 
with either the hair or a pretreating agent such as ATG 
thereon. With resin or polymer types of subsequent com 
plexing agents such as the AOC mentioned, a variety of 
tautomeric possibilities occur having different reactive or 
terminal groups available for complexing reaction with 
the previously applied metal ion. That is, such materials 
are derived from cyanoethylcellulose in known manner 
by, for example, reacting it with hydroxylamine to form, 
instead of the terminal CN group, either tautomeric 
amidoxime group, which may react with various metal 
complexes on the hair to give a variety of different or 
gano-metallic complexes having different colors and under 
different conditions. 

Also, as will be understood, similar variations in con 
ditions or colors, due to tautomerism or otherwise, may 
also be satisfactorily utilized with the materials such as 
DTOA or thiourea or other thioamides wherein the shift 
ing double bond linkages with either N or S in the ter 
minal or reactant groupings provide for additional va 
rieties of reactions and formation of metallic complexes 
of different colors with the metal ions previously ap 
plied to the hair and/or by complexing the originally 
applied metal salts with regard to the cystine linkages in 
the hair itself and/or the thioglycolate reaction there 
with after pretreatment with ATG. 

In any event, as will be apparent from the foregoing, 
the ?nal color effects in accordance with this reaction 
may be achieved in almost in?nite variety and with a 
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similar variety of different complexing mechanisms for 
producing colored metallic salt complexes chemically 
linked in one way or another to the substances in the 
hair. Especially with the use of a preliminary treatment 
of thio-glycolate (for reaction with the --RSSR— group 
in the cystine in the hair) and the subsequent utiliza 
tion of thio-amine materials readily tautomerized in vari 
one solution media and at various pH ranges, -a large 
number of different possible permutations and combina 
tions for the formation of differently colored metallic 
complexes is provided by the profusion of reactive S 
and N groups and double bonds involved in the several 
noted types of compounds. 

Indeed, the actual color effects obtained by the various 
different complexing reactions possible may not be with 
certainty predicted in every case, whether or not the 
chemistry is predictable, although the color effects have 
been found to be completely reproducible. That is, the 
particular effects are readily discernible empirically for 
any given combination of chemical substances, and the 
selected effects are thereafter completely reproducible in 
accordance herewith, whether one desires to rely merely on 
the color change affected by the initial reaction of an 
aqueous or ammonia metallic complex with the hair or 
a pretreatment complexing agent thereon or Whether it 
is desired to modify this initial color condition further 
with a subsequent treatment of an additional complex 
ing agent as noted. Although the thio-types of subse 
quent complexing agents apparently produce a wider 
variety of different shades and color hues, it may actua 
ally be preferred to use one of the polymer types of com 
plexing agents, such as AOC, because such materials have 
an independent advantageous effect on the hair as soften 
ing or conditioning agents, in addition to whatever ef 
fect they may have in the coloring reactions, and are 
desirable additives to the coloring technique for the pur 
pose of aiding the later manageability of the hair, etc. 

Merely as illustrative of some of the different color 
ing effects achieved with various metallic salts and dif 
ferent complexing agents in accordance herewith, the fol 
lowing Tables I and II collate the general results of a 
number of different treatments of essentially the same 
initially bleached human hair. In each instance the 
data is given with respect to a variety of treatments with 
various metallic ions in aqueous or ammonia solution, 
with ATG being indicated as the preliminary complexing 
agent applied to the bleached hair prior to the metallic 
salt and with AOC and DTOA being shown as rep 
resentative of subsequently applied types of organic com 
plexing agents. 

Although data is given for instances Where no visibly 
appreciable color change was obtained, it is to be under 
stood that additional or different subsequent complexing 
agents may be utilized, as will be understood from this 
disclosure, to produce other colored complexes with the 
applied metallic salt in a variety of different colors or 
shades. In all instances the texture and sheen or ap 
pearance of the hair was satisfactory, indeed usually 
to a greater extent than is normally experienced with 
conventional hair dyeing treatments, and the colors 
achieved were the desirably natural appearing hair col 
ors, with the possible exception of the several instances 
noted in the greenish spectrum. Even these, however, 
were ‘found to be further modi?ed to more natural hues 
by subsequent additions of various complexing agents. 

In both Tables I and II, reading across, the “2;” marks 
denote whether or not a preliminary hair treatment with 
ATG and/ or subsequent complexing treatments with AOC 
and DTOA were utilized with each of the noted metallic 
salt complexes to provide the results noted. Table I sets 
forth illustrative data obtained using ammonia solution 
of the various salts noted, while the data of TABLE II 
relate to application of the metallic materials in aqueous 
solution, with a 5% concentration of salt in each case. 
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Table I 

Metal Salt 
in N HiOH 

AT G A O O DTOA Color Results 

Green. 
Olive Green. 
Black with greenish tinge. 
Dark reddish brown. 
Lighter reddish brown. 
Dark reddish brown. 
Dark brown, slightly reddish. 
Darker brown. 
Still darker brown. 
Very dark brown. 
Darllger brown (almost black). 

____ __ x o. 

Table 11 

A00 DTOA Color Results 

Dark yellow to auburn. 
Green'brown. 
Dark green-brown. 
Bright yellow. 
No color change. 
Slightly pink. 
No (light change. 

0. 
Slightly tan. 
Light brown. 
No color change. 
Light brown. 
Slightly tan. 
Light green-brown. 
Darker green-brown. 
Black with greenish tinge. 
No color change. 

Do. 
Black with bluish tinge. 
Light green-brown. 
Darker green-brown. 
Dark red brown. 
N 0 color change. 
Slightly tan. 
Dark red brown. 
No color change. 

Do. 
Light yellow. 
Light green. 

0. 
Black with greenish tinge. 
Liglig green. 

o. 
it Black with greenish tinge. 

it Very light yellow. 
2: x ______ __ No color change. 
x ____ __ x Do. 

x ____________ __ Do. 

it x ______ __ Do. 

SnH; x x Light tan. 
Or+t+ ____________ __ x Light greenish tinge. 
Cr+++ x N 0 color change. 
Cr+++ it Do. 
AgNOa x Light yellow. 
AgNO; x No color change. 
AgNO3_ _ x D0. 
VO2(C2HaO2)2_ __.. x Light yellow. 
VO C2H302)2_ ___. x x ______ __ No color change. 
VOg(C-2HaO2)2- _-__ x ____ -_ x Do. 

As Will be apparent from the foregoing tabulations, 
the ultimate color effect achieved with a particular metal 
salt is a truly synergistic function of the presence or ab 
sence of one or more pretreatments or after treatments, 
with the former in one way or another breaking or acti 
vating some sulphur (or, perhaps, some nitrogen) valen 
ces in the keratinaceous material of the hair for com 
pleXing reactivity or combination with the metallic salt 
material. . 

It is to be understood, in considering the foregoing 
tabulations, that all relate to the treatment of hair which 
has been previously bleached with conventional alkaline 
peroxide bleaching techniques, in the course of which 
some activation of otherwise stable valences or chemical 
bonding has occurred. For example, although gold 
chloride or cupric salts produce a desirably permanent 
color effect (indicating true chemical complexing or com 
bination with the hair) when applied to the bleached hair, 
a similarly permanent combination or result is not 
achieved with the same materials applied to hair which 
has not previously been subjected to some bleaching or 
chemical pretreatment. Furthermore, a further pretreat 
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ment, as with ATG or similar sulphur-reactive agents, in 
addition to reaction with the bleaching agent, produces 
still different complexing or color effects with the same 
metallic salt solutions, just as additional after treatments 
with different thio-amidic or other sulphur and nitrogen 
containing materials alters the color e?ect achieved and/ 
or changes or modi?es in some manner or other the par 
ticular metallic complex achieved with the hair materials. 
For example, considering the instances in the tabulations 
where the results are indicated as not producing the color 
change, such notation is to be understood as indicating 
merely that the particular metallic complex achieved 
with the combination of materials noted does not pro 
duce an appreciable color on the bleached hair, whereas 
other different complexes of the same metal achieved 
With the different combinations of materials to produce a 
discernible color effect. 
As will be apparent from the foregoing, a wide variety 

of materials are also available for pretreating the hair to 
receive the desired coloring action by metallic complexes, 
although, as noted, such materials may fall broadly into 
the two categories of polymer-type materials and those 
which actually react chemically with materials in the hair 
such as the cystine groups mentioned. Although the 
visible or coloring results achieved in either case may be 
substantially alike, it is to be understood that the par 
ticular mechanism whereby such results are achieved may 
vary. Thus, a variety of polymer-type materials (in addi 
tion to those noted above) may be utilized as a pre 
treating or aftertreating complex material provided they 
also contain a multiplicity of functional groups in close 
proximity for bonding with a metal ion—e.g., readily 
chelated materials, and/ or, particularly, those With active 
or available carboxy, hydroxy, amino, oxime, thio, cyano, 
etc., groups. 

Such functional groups are available for complexing 
the metallic salts, and, when included in a ?lm forming 
or polymer-type material, are thus useful in accordance 
herewith. That is, such pretreatment or complexing 
agents form a coating or ?lm layer over the hair (whether 
or not they may also chemically react with the hair) as 
a basis for binding the colori?c metallic salts to form 
a more or less permanent colored layer bound to the 
hair. Although, for ease of application, water soluble 
varieties of such polymer or ?lm forming materials pro 
duce satisfactory results in accordance herewith, it is 
preferred to utilize such materials which tend to be in 
solubilized by the metallic salt complexing therewith. 
Also, as will be understood for the particular utility here, 
absolute insolubility or permanence may not be necessary 
for satisfactory results in view of the necessity for repeat 
edly treating the hair from time to time to maintain the 
arti?cial color thereof in any event and because the hair 
continues to grow and produce new areas adjacent the 
scalp requiring repeated treatment. 
With the reactive or non-polymer types of pretreating 

materials noted (e.g., thio and dithio materials, peroxides, 
etc.) an actual chemical reaction between such agents 
and the hair is believed to occur, as noted, to open the 
~—RSSR—~ linkage in one way or another and thus pro 
vide on the hair itself and from the materials therein an 
active sulphur (or sulfhydryl) group available for com 
plexing the metal salt and/or an active carboxy or 
hydroxy or other group. That is, the —RSSR— radical 
in the hair is considered to react with one of the pre 
treating agents to produce some active group on the 
—RS— of the original cystine hair material, which group 
is available to bind metallic ions, while the —SR— group 
separated from the cystine radical also remains available 
separately to complex the metallic salts. 
As will be understood, enhanced results may be 

achieved by utilizing pretreatment materials which both 
cling to the hair mechanically as ?lm forming polymers 
and also chemically react to open up the —RSSR— radi 
cal to make available a plurality of complexing groups 
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for binding the colori?c metallic ions. Similarly, the 
colored effects desired are generally achieved by metallic 
ions which will remain bound to the hair if combined 
with sulphur in some oxidation state thereof, and some 
such metals, upon complexing with a sulphur material, 
themselves form additional active bonds for further com 
plexing of additional metal ions. Therefore, in addition 
to purely mechanically bound complexing agents, there 
are also available generally in accordance herewith a wide 
variety of materials‘ which include various groups sus 
ceptible of nucleophilic displacement generally with dithio 
radicals. Among the classes of materials, for example, 
which may combine both of the above mentioned mecha 
nisms may be noted polymer-type esters of thio or cyano 
acids (e.g., a polyester of polyvinyl alcohol and thiogly 
colic acid or a reactive polymeric ester of hydroxy ethyl 
cellulose and thioglycolic acid). Accordingly, there are 
available for use herewith materials having a plurality of 
complexing groups for reaction with colori?c metallic 
ions (e.g., hydroxyoxime, dioxime, dithio, thiohydrazide, 
diphenol, hydroxyamine, etc.) and some means for bind 
ing such reactive groups (or other metal-complexing hy— 
droxy, carboxy, thio, cyano, etc., groups) more or less 
permanently to the hair-whether this last mentioned 
means includes mechanical binding as with a ?lm form 
ing polymer or chemical binding as by actual reaction 
with materials in the hair. Additionally, both of the 
foregoing can readily be combined into a single material 
and, also, the invention includes the situation where the 
metal binding agency is wholly produced within the hair 
itself as by peroxide reaction with a pretreating material 
which contributes nothing more to the ?nal effect other 
than opening the —RSSR— linkage so it will receive and 
bind colori?c metal ions. 

Accordingly there is provided in accordance herewith 
a wide variety of materials and combinations of materials 
for application to human hair to produce thereon a va 
riety of different colors, shades, tints, or hues, all of a 
substantially permanent nature and resulting from differ 
ent metallic salt complexes actually chemically bound to 
the hair materials. Furthermore, the methods and com 
positions involved are simply applied to the air in so 
lution, with the particular color effect being controlled 
primarily by the combination of materials used, rather 
than being a notable function of reaction time or other 
delicate control technique which might require extensive 
manipulative experience on the part of the person apply 
ing the coloring material. Similarly, by contrast with 
conventional hair dyeing techniques and compositions, the 
materials involved are free of adverse physiological toxic 
or sensitivity factors, are essentially innocuous in use and 
effect, with some of them actually imparting to the hair 
bene?cial characteristics in addition to coloring. Prior 
to application to the hair in the desired sequence, all the 
various pretreatment and after treatment and metallic 
salt compositions or components hereof are essentially 
stable and readily packaged for convenient storage, sale, 
and handling, and the results achieved (both from the 
standpoint of permanency and speci?c color effect) are 
readily and repeatedly reproducible in a completely safe 
and certain manner, even by untrained or unskilled users; 
and the effective reactions involved for the application of 
the metallic salt materials, after treatment agents, etc., 
neither involve nor rely upon harsh oxidation or reduc 
tion reactions or other chemistry of a nature which must 
be either critically controlled or considered as damaging 
to the hair being treated. 
While the method and compositions herein described 

constitute preferred embodiments of the invention, it is to 
be understood that the invention is not limited to these 
precise methods and compositions, and that changes may 
be made therein without departing from the scope of 
the invention which is de?ned in the appended claim. 
What is claimed is: 
The method for coloring human hair and like keratin 
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aceous ?bers with colori?c metallic salt complexes, which 
comprises the steps of pretreating said hair with a chem— 
ical pretreating reactant for reaction with -RSSR 
groups in cystine materials in said hair to activate reactive 
complexing valences therein and selected from the 
group consisting of ammonium thioglycolate, polyesters 
of polyvinyl alcohol and thioglycolic acid, polyesters of 
hydroxy ethyl cellulose and thioglycolic acid, and mix 
tures thereof, applying an equeous solution of a colori?c 
complexing metal salt to said pretreated hair for reaction 
and complexing combination with said reactive valences 
thereof for forming a metallic complex chemically 
bonded to said pretreated hair said complexing metal salts 
being inorganic salts of metals selected from the group 
consisting of lithium, caesium, copper, silver, gold, mag 
nesium, calcium, barium, zinc, cadmium, mercury, the 
transition metals of Group VIII of the Periodic Table, the 
lanthanide series of rare earth metals, the actinide series 
of metals, tin, lead, vanadium, bismuth, chromium, 
manganese, molybdenum, uranium, and mixtures thereof, 
and thereafter treating said metallic complex on said hair 
with an additional complexing agent for altering the vis 
ible color effect of said metallic complex as bound on 
said hair, said additional complexing agent being selected 
from the group consisting of dithiooxamide, amidoxines 
of cyanoethyl cellulose polymers, polyesters of thiogly 
colic acid, and mixtures thereof. 
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