-1- | MPROVED GOLD ALLOY ELECTROLYTES The present invention is directed to
i nproved el ectrol ytes for depositing gold alloys. Mdre specifically, the
present invention is directed to inproved electrolytes for depositing gold
all oys which include certain conbinations of sulfur containing organic
conpounds to provide the gold alloy deposits with inproved brightness and
color uniformty. Gold alloys have been deposited for many years onto

wat chcases, wat chbands, eyeglass franes, witing instrunments, jewelry in
general as well as various other articles. For exanple, the nost often
utilized electroplated gold alloy for these applications has been

gol d- copper- cadm um Since cadmumis such a poisonous netal, however, the
el ectropl ati ng i ndust IMRROVEIR6OIRR ALV ELECTROINEES t ut e havi ng a
reduced level of toxicity. In addition to being non-toxic, the gold alloy

deposits produced with such a cadm um substitute nust have the foll.ogw ng
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deposi t gadghi@H! dirke cadwiiu@Sis QWchr&50iSindins metal howpab) the oltctpgsainggndusey hequi r ed
corrosion tests. A nunber of attenpts have been nade | n the past to deposit
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physical characteristics:
1. The deposits must have the correct color, as required. Usually, these colors are Swiss
standard “1-5N”, which range from specific pale yellow to pink gold alloys, with the
“2N” yellow grade being preferred.
2. The deposits must be bright such that no further polishing is required after plating.
This degree of brightness must be maintained even for thick deposits as high as 20
microns.
3. The plating bath must produce deposits that exhibit leveling such that tiny
imperfections in the basis metal are smoothed out or covered.
4. The karat of the deposits should be required. These karats generally range from 12 to
18, or 50-75% gold.
5. All deposits must be reasonably ductile and capable of passing the required ductility
tests, even with thicknesses as high as 20 microns.
6. The deposits should be corrosion resistant and capable of passing the required corrosion
tests.
A number of attempts have been made in the past to deposit cadmium-free alloys in a
manner which can readily meet all of the above requirements. However, none have resulted in a
commercially acceptable plating bath capable of producing deposits with the desired

characteristics set forth above. The toxicity of cadmium metal has initiated legislative action by



commercially acceptable plating bath capabl e of producing deposits with the
desired characteristics set forth above. The toxicity of cadm um netal has
initiated legislative action by -2- many jurisdictions to elimnate its use
in many industries. Accordingly, it is highly desirable for industries to
find a substitute for gold alloys containing cadmum U.S. 5, 256, 275

di scloses a gold alloy electrolyte which elimnates cadm um The gold alloy
i ncl udes gold, silver and copper. In addition to the water soluble gold,
silver and copper salts, the electrol¥te fromwhich the alloy is

el ectropl ated may include various organic sulfur conpounds such as
thiourea, thiobarbituric acid, imdazolidinethione, thiomalic acid, sodium
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mercapt o-tetrazoles, nercapto-triazoles and salts thereof. 'In a further
enbodi nawtmercaptd-hredolen ehdishits therenfj atidroge ar morgpdthicdahoxyinchaidi hagingreenoor nor e
protic carbon atom in alpha position to a dithiocarboxyl functionality, salts and esters thereof. In
addition to the metal salts and the sulfur containing organic compounds, the compositions also
may include additives for stabilizing the compositions and assisting in the formation of a gold
alloy deposit on a substrate. The gold alloys are cadmium free alloys.

In another embodiment, compositions include essentially one or more sources of gold ions,
one or more sources of silver ions, one or more sources of copper ions, one or more
dithiocarboxylic acids having a non-protic carbon atom in alpha position to a dithiocaboxyl
functionality, salts and esters thereof, one or more surfactants, one or more alkaline materials,
and one or more compounds selected from the group consisting of mercapto-tetrazoles,
mercapto-triazoles and salts thereof.

In a further embodiment a method includes providing a composition including one or more
sources of gold ions, one or more sources of silver ions, one or more sources of copper ions, one

or more compounds chosen from mercapto-tetrazoles, mercapto-triazoles and salts thereof, and

one or more dithiocarboxylic acids having a non-protic carbon atom in alpha position to a



sources of gold ions, one or nore sources of silver ions, one or nore
sources of copper ions, one or nore conpounds chosen from

nmer capt o-tetrazol es, nmercapto-triazoles and salts thereof, and one or nore
di t hi ocarboxylic acids having a non-protic carbon atomin al pha position to
a -3- dithiocarboxyl functionality, salts and esters thereof; placing a
substrate in the conposition; and depositing a gold alloy on the substrate.
In a further enbodi nent articles deposgted with the gold alloy conpositions
and by the nethods are provided. The "articles include gol d alloy deposits
of 8 to 23 karats and a 2N color or a 3N color, which is a desired yell ow
to deep yellow grade. Such articles include jemelry and other decorative
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wat ch Iﬁd’l-iBngfaYns$L&nlﬁiall‘ ¢hIf @ﬁnlrlﬂmreqembinmgrog@kdnncm{e@érs,,ASD% IN =
greeni sh-gold, 2N = yel |l ow gol g = deep yellow gold, 4N = pinkish-gold,
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and para-substitution. The term “karat” = “carat” and is the unit of gold fineness which indicates

the percentage of gold in an article, e.g., 24 karat = 100% gold and 18 karat = 75% gold or also

expressed as 750 0/00. “N” represents the Swiss watch industry standard for representing gold

colors, i.e., IN = greenish-gold, 2N = yellow gold, 3N = deep yellow gold, 4N = pinkish-gold,

and 5N = yellow-red gold.

All percentages are by weight, unless otherwise noted. All numerical ranges are inclusive
and combinable in any order, except where it is logical that such numerical ranges are
constrained to add up to 100%.

The compositions include one or more sources of gold ions, one or more sources of silver
ions, one or more sources of copper ions, one or more compounds chosen from mercapto-
tetrazoles and mercapto-triazoles and salts thereof, and one or more dithiocarboxylic acids
having a non-protic carbon atom in alpha (a) position to a dithiocarboxyl functionality (-
C(S)SX), salts and ester thereof, where X is hydrogen or a suitable counter-ion. The electrolyte
compositions also may include additives to stabilize the compositions and assist in depositing

bright and uniformly colored gold alloys on substrates.



having a non-protic carbon atomin alpha (a) position to a dithiocarboxyl
functionality (- C(S)SX), salts and ester thereof, where X is hydrogen or a
suitabl e counter-ion. The electrolyte conpositions also may include
additives to stabilize the conpositions and assist in depositing bright and
uniformy colored gold alloys on substrates. -4- Any suitable source of gold
ions which are water soluble may be used. Such conpounds provide gold (I) to
t he conpositions. Such sources of gold ions include, but are not limted to,
al kali gold cyani de conmpounds such as'%btassiun1gold cyani de, sodium gold
cyani de, and amonium gold cyani de, al kali gold thiosulfate conpounds such
as trisodiumgold thiosulfate and tripotassiumgold thiosulfate, alkal

gol d sul fi t Anyeritablersdsrcs of pold sonsouhicnarg slater selbblietneaydiedisedoBephsiompogsisd

[ fi i | d | fite, d | d Lide [,d(. | ori de.
ULl oo 0 Sy, TP RASELALEIG SRy AEIARE o1 0,
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R N T W e
si |l ver pyasiufeyadoe sodium cyanide and ammonium cyanide, thiosulfuric acid, thiosulfate salts

such as sodium thiosulfate, potassium thiosulfate, and ammonium thiosulfate, ethylenediamine

tetraacetic acid and its salts, and nitrilotriacetic acid. Typically the alkali metal cyanides are

used.

The one or more complexing agents may be added in conventional amounts, or such as in
amounts of 0.5 g/L to 50 g/L, or such as 5 g/L to 25 g/L, or such as 10 g/L to 20 g/L. The one or
more complexing agents are generally commercially available or may be prepared from methods
well known in the art.

Any of a wide variety of water soluble silver compounds that provide silver ions to the
compositions may be used. Suitable silver compounds include, but are not limited to, alkali
silver cyanide compounds such as potassium silver cyanide, sodium silver cyanide, and
ammonium silver cyanide, silver halides such as silver chloride, and nitrates such as silver
nitrate. Typically, the alkali silver cyanide compounds are used.

The amount of the one or more water soluble silver compounds is from 10 mg/L to 1000
mg/L, or such as from 50 mg/L to 500 mg/L, or such as from 100 mg/L to 250 mg/L. Such silver
compounds are generally commercially available or may be prepared by methods well known in

the art.



amoni um si | ver cyani de, silver halides such as silver chloride, and
nitrates such as silver nitrate. Typically, the alkali silver cyanide
conpounds are used. The anount of the one or nore water sol uble silver
conpounds is from10 ng/L to 1000 ng/L, or such as from50 ng/L to 500
ng/L, or such as from 100 ng/L to 250 ng/L. Such silver conpounds are
generally comrercially available or may be prepared by nethods well known in
the art. -5- Any of a wide variety of ter sol ubl e copper conpounds that
provi de copper to the conpositions nmay be used. Suitable copper conpounds
i nclude, but are not limted to, copper (l) cyanide, copper (I) and (I11I)
chloride, copper (I1) sulfate pentahydrate, copper (I1) hydroxide.
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their salts having a fornula:

brightness and color umformlty on the gold-silver-copper alloy deposits.

Any suitable dithiocarboxylic acid having a non-protic carbon atom in alpha position to the
dithiocarboxyl functionality, salts and esters thereof which, in combination with the mercapto-
tetrazoles and the mercapto-triazoles, provides the desired gold-silver-copper alloy brightness
and color uniformity may be used in the compositions. Such suitable dithiocarboxylic acids
having a non-protic carbon alpha to a dithiocarboxyl acid functionality include, but are not
limited to, compounds such as imidazole 4(5)-dithiocarboxylic acids and their salts having a
formula:
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sx ¢S Ro_sNH N\ R (I) -6- wherein R is a hydrogen, straight or
branched, saturated or unsaturated, substituted or unsubstituted (Cl-C20)
hydr ocar bon group, or phenyl group; R2 is hydrogen, or straight, branched,
saturated or unsaturated, substituted or unsubstituted (C, -C4) hydrocarbon
group; and X is a hydrogen, or a suitable counter-ion including, but not
limted to, alkali nmetals such as sodium potassiumand |ithium Exanples
of R, hydrocarbon groups are nethyl, eihyl, undecyl, and heptadecyl.
Typically, R is nethyl, ethyl or phenyl Nbre typically R is nethyl or
ethyl. Mst typically, R, is nethyl. Exanples of R2 are nethyl and ethyl.

Typically R2 is thyI stltuent oups, i ncl ude are not limted to,
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2- et hylspah flagahndd Md 16th fulH. OGakdsYIFIRG he€roBarb@ groups are methyl, ethyl, undecyl,

undecyl i m dazol e- 4( 5) -di t hi ocarboxylic acid,
2- hept adéb«;ntaldwﬂaifdp@aux %n-lﬁm@th%@&wb@rxgheml Adorg typically Ry is methyl or ethyl.

2- phen It
4- et h J)slﬂyg)azo ol gg*?e%lﬁlll OE% ! Oxy ar% {ngf}l'yg?nf_ethyl. Typically R, is methyl.
di met h)SubSﬂtﬁtﬁxZ@ﬂoﬁp5mdluHél,lHmcaxfebmxyllnite‘d m(;hyfdroxyl alkoxy, carboxyl, amino, and

2- et hyl -4- et hyl i mi dazol e-5-di t hi ocar
2- unded‘?lo—gﬂﬂ %gﬁwhlml%m tgoming; tTll?FG%‘g P8 %{b?(ds hyggeen, and the salt is

(Z:O\F/)ngﬁt%n%d for my]% lsry&g%tg% go&élglg?st% %?%‘lﬂdlgzo gumfg% dit mr “3?‘5‘?2“ Ssodi um
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2- phenyintiégydRdRle 4(H) diti s RHRK FHOIY, 28 Btadecylimidazole-4(5)-dithiocarboxylic acid,
2-phenylimidazole-4(5)-dithiocarboxylic acid, 4-methylimidazole-5-dithiocarboxylic acid, 2,4-
dimethylimidazole-5-dithiocarboxylic acid, 2-ethyl-4-methylimidazole-5-dithiocarboxylic acid,
2-undecyl-4-methylimidazole-5-dithiocarboxylic acid, and 2-phenyl-4-methylimidazole-5-
dithiocarboxylic acid.
Examples of salts covered by formula (I) are: sodium imidazole-4(5)-dithiocarboxylate,
sodium 2-methylimidazole-4(5)-dithiocarboxylate, sodium 2-ethylimidazole-4(5)-
dithiocarboxylate, sodium 2-undecylimidazole-4(5)-dithiocarboxylate, sodium 2-
heptadecylimidazole-4(5)-dithiocarboxylate, sodium 2-phenylimidazole-4(5)-dithiocarboxylate,
sodium 4-methylimidazole-5-dithiocarboxylate, sodium 2,4-diemthyl-5-dithiocarboxylate,
potassium 2-ethyl-4-emthylimidazole-5-dithiocarboxylate, sodium 2-undecyl-4-
methylimidazole-5-dithiocarboxylate, and sodium 2-phenyl-4-methylimidazole-5-
dithiocarboxylate.
Other suitable dithiocarboxylic acids having a non-protic carbon atom alpha to a
dithiocarboxy functionality include, but are not limited to, compounds such as S-
(thiobenzoyl)thioglycolic acid and imidazole-dithiocarboxylic acid epichloro-hydrine

polycondensate.



sodi um 4- et hyl i m dazol e- 5-di t hi ocar boxyl ate, sodi um
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Examples of suitable mercapto-tetrazoles have a formula:

Rs i)

wherein R; is hydrogen, straight or branched, saturated or unsaturated (C,-Cy) hydrocarbon
group, (Cg-Cyo)aralkyl, substituted or unsubstituted phenyl or naphthyl group, A-SO3Y or A-
COQY, where A is (C,-Cy)alkyl, such as methyl, ethyl and butyl, and Y is hydrogen or a suitable
counter-ion such as alkali metals such as sodium, potassium and lithium, or calcium or
ammonium; and X is hydrogen, or a suitable counter-ion including, but not limited to, alkali
metals such as sodium, potassium and lithium. Substituent groups on the phenyl and naphtyl
include, but are not limited to, branched or unbranched (C,-C;)alkyl, branched or unbranched
(C2-Cyo)alkylene, branched or unbranched (C;-C;)alkoxy, hydroxyl, and halogens such as

chlorine and bromine.



counter-ion such as alkali netals such as sodium potassiumand lithium or
cal ciumor ammoniunm and X is hydrogen, or a suitable counter-ion
including, but not limted to, alkali nmetals such as sodium potassium and
lithium Substituent groups on the phenyl and naphtyl include, but are not
limted to, branched or unbranched (G -G 2)al kyl, branched or unbranched
(C2-C20) al kyl ene, branched or unbranched (C -G 2)al koxy, hydroxyl, and

hal ogens such as chlorine and broningg_-8- Typically, R3 is hydrogen,
straight chain (G -C4)al kyl, A-SQBY or A-COOY where Y is sodium (Na+), and X
i s hydrogen, sodium or potassium More typically, R3 is hydrogen or A-
SBNa, and X is hydrogen. Mst typically, R3 is A-SGBNa and X is hydrogen.
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substituted or unsubstituted al kyl, yl, thioal koxy, or al koxycarbonyl
group hnslidey afg bmSimereame- 1Ehieazelead ahene sulfonissacidsiand theonergapiofieitazelat ed
cycloalkﬁéygégip having from3 to 28 carbon atons; a substituted or

unsubst® : Iyl group having from6 to 33 carbon atons; a substituted or

unsubst i t uEREmplet ef Meyedi€ camp@nbiadicAds tet@zliim ¢ompindawhieh nedydisehih one or
norehet ero atoms such_as nitrogen, oxygen, sulfur, or conbinations thereof;
an al kythe elegiralga erippositignsdays a fasmpexyal kyl , aryl or phenoxy group
connecting to a substituted or gpsubstituted aromatic ring; or an alkyl,
cycl oal kyl, al kenyl, al koxyal kyl\, aryl, or phenoxy group connecting to a
substituted or unsubstituted hetejpcyglic ring having | to 28 carbon atons
and one or nore heteroatons such)ﬁs‘ﬁi rogen, oxygen, sulfur, or

RN A
N SX (111)

wherein X is defined as above; Ry is a substituted or unsubstituted alkyl, alkenyl, thioalkoxy, or
alkoxycarbonyl group having from 1 to 28 carbon atoms; a substituted or unsubstituted
cycloalkyl group having from 3 to 28 carbon atoms; a substituted or unsubstituted aryl group
having from 6 to 33 carbon atoms; a substituted or unsubstituted heterocyclic ring having from 1
to 28 carbon atoms and one or morehetero atoms such as nitrogen, oxygen, sulfur, or
combinations thereof; an alkyl, cycloalkyl, alkenyl, alkoxyalkyl, aryl or phenoxy group
connecting to a substituted or unsubstituted aromatic ring; or an alkyl, cycloalkyl, alkenyl,
alkoxyalkyl, aryl, or phenoxy group connecting to a substituted or unsubstituted heterocyclic ring
having 1 to 28 carbon atoms and one or more heteroatoms such as nitrogen, oxygen, sulfur, or
combinations thereof; and
Rs is a substituted or unsubstituted amine group having from 0 to 25 carbon atoms, typically 1 to
8 carbon atoms; a substituted of unsubstituted alkyl, alkenyl, or alkoxy group having from 1 to
28 carbon atoms; a substituted or unsubstituted cycloalkyl group from 3 to 28 carbon atoms; a
substituted or unsubstituted acyloxy group having from 2 to 25 carbon atoms; a substituted or
unsubstituted aryl group having from 6 to 33 carbon atoms; asubstituted or unsubstituted
heterocyclic ring having from 1 to 28 carbon atoms and one or more hetero atoms, such as

nitrogen, oxygen, sulfur or combinations thereof; an alkyl, cycloalkyl, alkenyl, alkoxyalkyl, aryl,



conbi nations thereof; and R5 is a substituted or unsubstituted am ne group
having fromO to 25 carbon atons, typically 1 to 8 carbon atons; a
substituted of unsubstituted al kyl, al kenyl, or al koxy group having from1l
to 28 carbon atons; a substituted or unsubstituted cycloal kyl group from 3
to 28 carbon atons; a substituted or unsubstituted acyl oxy group having
from2 to 25 carbon atons; a substituted or unsubstituted aryl group having
from6 to 33 carbon atons; asubstltuteg or unsubstituted heterocyclic ring
having from1l to 28 carbon atoms and ohe or nore hetero atonms, such as

ni trogen, oxygen, sulfur or conblnatlons t hereof; an al kyl, cycloalkyl,
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compounds such as 1,2,4-triazoles.

Examples of suitable mercapto-triazoles have a formula:

s

N

R7 av)
wherein R is hydrogen, straight or branched, saturated or unsaturated (C;-C) hydrocarbon
group, (Cg-Cyo)aralkyl, substituted or unsubstituted pheny! or naphthyl group; and X is hydrogen,
or a suitable counter-ion including, but not limited to, alkali metals such as sodium, potassium
and lithium. Substitutent groups on the phenyl and naphthyl include, but are not limited to,
branched or unbranched (C;-C3)alkyl, branched or unbranched (C,-Cyg)alkylene, branched or
unbranched (C,-C,z)alkoxy, hydroxyl, and halogens such as chlorine and bromine. Typically, R;
is hydrogen, straight chain (C,-C,) alkyl, and X is hydrogen, sodium or potassium. More
typically, R; is hydrogen, methyl or ethyl, and X is hydrogen or sodium. Most typically, R is
hydrogen or methyl, and X is hydrogen.



or a suitable counter-ion including, but not limted to, alkali metals such
as sodium potassium and lithium Substitutent groups on the phenyl and
napht hyl include, but are not limted to, branched or unbranched
(C -G 2)al kyl, branched or unbranched (C2-C20)al kyl ene, branched or
unbranched (C1-Cl12)al koxy, hydroxyl, and hal ogens such as chl orine and
brom ne. Typically, R7 is hydrogen, straight chain (Cl-C4) alkyl, and X is
hydr ogen, sodi um or potassium Mre typically, R7 is hydrogen, nethyl or
ethyl, and X is hydrogen or sodi um Nﬁﬁ? typically, R7 is hydrogen or
met hyl, and X is hydrogen. -10- Exanples of nesoioinic conmpounds such as the
triazolium conpounds which may be used in the electrolyte conposjtions have
a fornul a: Bramples ofmeggeiniq qamprunds speh gs\the {Firapiym cempoysls advchxmay ge wedi ned
as above .as_ for . th i Qni -friazoles; and R6 is a substituted or
unsubstllntﬂa1 eel%c ra(t)l terzlgog O?)Sﬁbo gg}/eﬁ%?ognfigf%o to 25 carbon atons of such as from1l
to 8 carbon atons; a substituRed or unsubstituted al kyl, al koxy, or al kenyl
group having froml to 28 carbomatons; a substituted or unsubstituted
cycl oal kyl group having from3 to rbon atons; a substituted or
unsubsti tuted acyl oxy group havin 2 to 25 carbon atons; a substituted
or unsubstituted aryl group t to 33 carbon atons; a substituted
or unsubstituted heterocycli% ring vingcsdyom!| to 28 carbon atons and one
or nore hetero atons, such as nitr;g:n, oxygen, sul fur or conbi nations

I

t hereof; an al kyl, cycloal kyl, al kenyl, al koxyal kyl, aryl, or phenoxy group
connecting to a substituted or unsu ituted het(®)ocyclic ring having | to
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the nmercapto-triazoles, including the 1,2, 4-triazolium conpounds, are
i ncl uded carbon atoms; a substituted or unsubstituted alkyl, alkoxy, or alkenyl group having from 1 to
28 carbon atoms; a substituted or unsubstituted cycloalkyl group having from 3 to 28 carbon
atoms; a substituted or unsubstituted acyloxy group having from 2 to 25 carbon atoms; a
substituted or unsubstituted aryl group having from 6 to 33 carbon atoms; a substituted or
unsubstituted heterocyclic ring having from 1 to 28 carbon atoms and one or more hetero atoms,
such as nitrogen, oxygen, sulfur or combinations thereof; an alkyl, cycloalkyl, alkenyl,
alkoxyalkyl, aryl, or phenoxy group connecting to a substituted or unsubstituted heterocyclic ring
having | to 25 carbon atoms and containing one or more hetero atoms such as nitrogen, oxygen,
sulfur or combinations thereof; and the R4, Rs and R¢g may further combine with each other to
form a 5-, 6- or 7-membered ring.

In general, the mercapto-triazoles, including the 1,2 4-triazolium compounds, are included
in the electrolyte compositions in amounts of 0.5 mg/L to 200 mg/L, or such as from 10 mg/L to
150 mg/L, or such as from 50 mg/L to 100 mg/L. Such mercapto-triazoles are generally
commercially available or may be prepared by methods well know in the art.

Alkaline materials also may be added to maintain the pH of the compositions from 7 to 14,
or such as from 8 to 12, or such as from 9 to 11. Such alkaline materials include, but are not
limited to, sulfates, carbonates, phosphates, hydrogen phosphates and other salts of sodium,
potassium and magnesium. For example, K;CO3, Na;CO3, Na,SO4, MgSO4, K,HPO,4, Na;HPOy,

Na;PO4 and mixtures thereof are suitable alkaline materials.



in the electrolyte conpositions in anpunts of 0.5 ng/L to 200 ng/L, or such
as from10 ng/L to 150 ng/L, or such as from50 ng/L to 100 ng/L. Such
nmercapto-triazoles are generally comercially available or may be prepared
by nethods well know in the art. Alkaline nmaterials also nay be added to
mai ntain the pH of the conpositions from?7 to 14, or such as from8 to 12,
or such as from9 to 11. Such al kaline materials include, but are not
limted to, sulfates, carbonates, pho:lqhat es, hydrogen phosphates and ot her
salts of sodium potassium and magnesium For exanple, K2CO3, Na2C(3,
Na2SO4, MgSH, K2HPO4, Na2HPO4, Na3PO4 and m xtures thereof are suitable
al kaline materials. -11- In addition to the alkaline materials described
above, hypbyadgiisnite ehesdlialige matesialredeseibefl gbovgdbpophosphitasadisilsemeaydd r anges
descri ve. . [ at aredUCh
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Other suitable surfactants which may be used include, but are not limited to, N-oxide
surfactants. Such N-oxide surfactants include, but are not limited to, cocodimethylamine N-
oxide, lauryldimethylamine N-oxide, oleyldimethylamine N-oxide, dodecyldimethylamine N-
oxide, octyldimethylamine N-oxide, bis-(hydroxyethyl)isodecyloxypropylamine N-oxide,
decyldimethylamine N-oxide, cocamidopropyldimethylamine N-oxide, bis(hydroxyethyl) C ;-
Cs alkoxypropylamine N-oxide, lauramine N-oxide, laurami-dopropyldimethylamine N-oxide,
Ci4-Ci6 alkyldimethylamine N-oxide, N,N-diemthyl (hydrogenated tallow alkyl) amine N-oxide,
isostearamidopropyl morpholine N-oxide, and isostearamidopropyl pyridine N-oxide.

Other suitable surfactants include, but are not limited to, betaines, and alkoxylates such as
the ethylene oxide/propylene oxide (EO/PO) compounds. Such surfactants are well known in the
art.

Many of the surfactants may be commercially obtained or made by methods described in
the literature. Typically, the surfactants are included in the compositions in amounts of 0.1 mL/L

to 20 mL/L, or such as from 1 mL/L to 15 mL/L, or such as from 5 mL/L to 10 mL/L.



decyl di met hyl am ne N-oxi de, cocam dopropyl di net hyl am ne N- oxi de,

bi s(hydroxyet hyl) Cl12- C15 al koxypropyl am ne N-oxi de, |auram ne N oxide,

| aur am - dopr opyl di net hyl am ne N-oxi de, Cl4-C16 al kyl di net hyl am ne N-oxi de,
N, N-di ent hyl (hydrogenated tall ow al kyl) am ne N-oxide, isostearan dopropyl
nor phol i ne N-oxi de, and isostearam dopropyl pyridine Noxide. Qher suitable
surfactants include, but are not limted to, betaines, and al koxyl ates such
as the ethyl ene oxide/ propyl ene oxi dﬁ (EQ PO corrpounds Such surfactants
are well known in the art. Many of t & surfactants may be commercially

obt ai ned or nmade by nethods described in the literature. Typically, the
surfactants are included in the conpositions in anmounts of 0.1 nl/L to 20
n/L, or sﬁhﬁﬁlaﬁrdmommpoﬁmdmlabo Byringlude enventiohalggdditivemiosssisyin theqalloy ni/ L.
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range ft{lrcr)lggi gff Otg SAiSl e., 5 seconds with the current turned on followed by 1 second with the current
turned off. Typically, the cycle is 1:2 to 8:1.

Any suitable current density which permits the deposition of a bright and color uniform
gold-silver-copper alloy may be used. Typically, current densities used range from 0.05 ASD to
10 ASD, or such as from 0.1 ASD to 5 ASD, or such as I ASD to 3 ASD. Typically, the current
density is 0.1 ASD to 4 ASD, more typically from 0.2 ASD to 2 ASD.

The compositions may be used to deposit a gold-silver-copper metal alloy on any suitable
substrate. Such substrates may include, but are not limited to, non-conductive materials, such as
conductive polymers, which have been made conductive by one or more methods known in the
art, non-precious metal containing substrates such as iron containing substrates, copper and
copper alloys, tin and tin alloys, lead and lead alloys, zinc and zinc alloys, nickel and nickel
alloys, chromium and chromium alloys, aluminum and aluminum alloys, and cobalt and cobalt
alloys. Examples of precious metals which may be deposited with gold-silver-copper alloys

from the electrolyte compositions include gold, silver, platinum, palladium and their alloys.



10 ASD, or such as from0.1 ASDto 5 ASD, or such as | ASD to 3 ASD.
Typically, the current density is 0.1 ASDto 4 ASD, nore typically fromO0. 2
ASD to 2 ASD. The conpositions may be used to deposit a gol d-silver-copper
metal alloy on any suitable substrate. Such substrates may include, but are
not limted to, non-conductive materials, such as conductive pol yners,

whi ch have been made conductive by one or nore nethods known in the art,
non- preci ous netal containing substrates such as iron containing substrates,
copper and copper alloys, tin and tiﬁ%alloys, | ead and | ead all oys, zinc
and zinc alloys, nickel and nickel alloys, chrom um and chrom um al | oys,

al um num and al um num al |l oys, and cobalt and cobalt alloys. Exanples of
preci ous nétralssitamet pllatirrr@yppta@t@erpm)sbet e o ddpog'otm-g@id sﬁéfrer@mmeallcms looye from
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and ruthenridm dioxide. Plating tines may vary. The anount of tine depends
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karats, or such as ron1 %arats to 18 karats. Typch?$ t he anmount of
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free of haze.

Example 1
An aqueous plating bath having the following composition is prepared:
COMPONENT AMOUNT
Di-sodium hydrogenphosphate 10 g/L
Sodium hypophosphite monohydrate 0.5 g/L
Copper cyanide 40 g/L
Potassium silver cyanide 255 mg/L
Potassium gold cyanide 10 g/L
Potassium cyanide 55 g/L
2-methylimidazole-4(5)-dithiocarboxylic acid 55 mg/L
5-mercapto-1 H-tetrazole-1-methane sulfonic acid 55 mg/L
Lauryldimethylamine N-oxide 0.70 mL/L

The pH of the bath is 10 and the temperature is 60° C. The bath is agitated by a motorized

circular insoluble gold anode and solution stirring. Brass and stainless steel coupons (cathodes)



Sodi um hypophosphi te nonohydrate 0.5 g/L Copper cyanide 40 g/L Potassium
silver cyanide 255 ng/L Potassiumgold cyanide 10 g/L Potassium cyani de 55
g/L 2-methylimdazol e-4(5)-dithiocarboxylic acid 55 ng/L 5-nmercapto-1

H tetrazol e-| -net hane sul fonic acid 55 ng/L Lauryl di met hyl am ne N-oxide 0.70
mL/L The pH of the bath is 10 and the tenperature is 60 C. The bath is
agitated by a notorized circular insoluble gold anode and sol ution
stirring. Brass and stainless steel COﬁ%OﬂS (cathodes) -14- are

el ectroplated in the above electrolyte bath at 0.4 ASD using a current
interruption nmethod of 5 seconds on and | second off. Electroplating
continued for 30 mnutes to provide brass and  stainless steel coupons

pl at ed &k elactiplaetinghealve glscuolytel bagy atdghH8P using @ycurrgyeipterruptien methgg of

deposi t Xpgec r r L ' . Lo poht yel | ow
appear el g & oot E 19kt e Bl il ORI Slo proife brclt A0

pl at i nosthiakss sodel tdiohopl@diwith foahiEedns of golpsstpar@gper aQONVRORENT AMOUNT

Di -sodiunlH&érogenphosphate 15 g/ L Sodi um hypophosphite n%nohyd@ate 1 g/L
Copper cyarfihgéllodepopits pxpecied argrhdaraiewit § aNitgoon golgg /e bpghtaedPym gol d
cyani de t i L 4(5)-i m dazol e-di t hi ocar boxylic

aci d 5oapg‘?g7rg'4°le5mﬁggkﬁﬁﬁﬁ'%??é@gﬂ“g%- acetic acid 50 ng/L Sodium |l auryl

et her phosphate 0.75 nL/L The pH of Ekfngplbdth is 9 at 65 C. The bath is

agi tated duAtr{ e{]q%egdsep aEtlrn%%lat tcl)tn(ge Po){loevinrgo o?rrrulxlé 1esdprepared:

COMPONENT AMOUNT
Di-sodium hydrogenphosphate 15 g/
Sodium hypophosphite monohydrate 1 gL
Copper cyanide 40 g/L
Potassium silver cyanide 240 mg/L
Potassium gold cyanide 10 g/L
Potassium cyanide 60 g/L
4(5)-imidazole-dithiocarboxylic acid 50 mg/L
5-mercapto-1H-tetrazole-1-acetic acid 50 mg/L
Sodium lauryl ether phosphate 0.75 mL/L

The pH of the bath is 9 at 65° C. The bath is agitated during electroplating by a motorized
disc platinum dioxide insoluble electrode and solution stirring.

Brass coupons (cathodes) are plated with the formulation with a current interruption
method where the current is one for 3 seconds and off for 1 second. Gold-silver-copper alloy
deposition is done for 60 minutes at a current density of 0.5 ASD. A 20 microns layer of gold-
silver-copper is deposited on each brass coupon.

The gold-silver-copper alloy layers are expected to be 18 karats and have a bright 2N
uniform color, i.e., yellow. No haze is expected to be observable on the surfaces of the gold-

silver-copper alloy layers.
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Sodium ether sulfate (C,, straight chain alcohol)

0.65 mL/L

The above plating bath has a pH of 8 and is at 70° C. Brass coupons (cathodes) are placed

in the bath and the bath is agitated with a platinum dioxide disc anode connected to a motor and

solution stirring. The solution agitation continues throughout gold-silver-copper deposition.

The current density is 0.6 ASD. Current is applied for 60 ms and then turned off for 100

ms. This current interruption pattern is continued for 40 minutes to deposit a gold-silver-copper

alloy on the brass coupons having a thickness of 10 microns.

The alloy deposit is expected to be 18 karats and have a bright yellow 3N uniform color.

No haze on the surface of the alloy surfaces is expected.

Example 4
An aqueous plating bath having the following formula is prepared:
COMPONENT AMOUNT
Di-potassium hydrogenphosphate 10 g/L
Potassium hypophosphite monohydrate 1 g/L
Copper cyanide 35g/L
Potassium gold cyanide 15¢g/L
Potassium silver cyanide 230 mg/L
Potassium cyanide 45 g/L
4-methylimidazole-5-dithiocarboxylic acid 65 mg/L
5-mercapto-1H-tetrazole-1-acetic acid 50 mg/L
Sodium ether sulfate (C 5 straight chain alcohol) 0.8 mL/L




COMPONENT AMOUNT  Di - pot assi um hydr ogenphosphate 10 g/L Potassium
hypophosphite nonohydrate | g/L Copper cyanide 35 g/L Potassiumgold
cyanide 15 g/L Potassiumsilver cyanide 230 ng/L Potassium cyanide 45 g/L
4- et hyl i mi dazol e-5-di t hi ocarboxylic acid 65 ng/L
5-nmercapto-1Htetrazole-1-acetic acid 50 ng/L Sodi um ether sulfate (C18
straight chain alcohol) 0.8 nL/L -16- The pH of the plating bath is 9 and
the tenperature of the bath is 70 C ﬁ e bath is agitated with a notorized
circul ar insoluble anode conposed of platlnun1d|OX|de and sol ution
stirring. Steel coupons (cathodes) are placed in the bath and are pl ated

with a gold- S|Iver-copper The current density_ is SD, The current
i s appliedThepH®. @%Wt%ﬁé’ qng tlﬂ%ﬁeﬁ‘éﬁaﬁﬁr? of the bath ‘%EQ:o?ldTﬁq'E?tE I ur r ent
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hypophosphl te nonohydrate pper cyanide 30 g/L tassiumsilver
cyani deallb8%nwegghisteePotuposi um goI d cyanide 10 g/L Potassium cyanide 40 g/L

The alloy deposits on each of the coupons are expected to be 18 karats with a 3N deep
yellow haze-free appearance. The color on each coupon is expected to be both bright and

uniform.

Example 5 (Comparative)

An aqueous plating bath having the following formula is prepared:

COMPONENTS AMOUNTS

Di-sodium hydrogenphosphate 15 g/L
Sodium hypophosphite monohydrate 1 g/L
Copper cyanide R 30 g/L

Potassium silver cyanide 185 mg/L
Potassium gold cyanide 10 g/L
Potassium cyanide 40 g/L

Ethylene-thiourea 100 mg/L

Alkyl-dimethyl-amine oxide 0.2 mL/L

The pH of the formulation is 10 at 20° C. The formulation is agitated with a motorized
circular insoluble platinum dioxide anode and solution stirring. The bath is raised to 70° C and
brass coupons (cathodes) are placed in the formulation to be plated with a gold-silver-copper
alloy.

The current density is 1 ASD and a current interruption method is used. Current is applied
for 0.3 seconds and turned off for 1 second. This pattern is repeated for 30 minutes. A 10
micron gold-silver-copper alloy is deposited on the coupons. The alloy is expected to be 18
karats and have a 2N color. However, the 2N color is not expected to be bright and uniform. It

is expected to show an observable undesirable haze at a thickness of more than 5 microns.



Et hyl ene-thi ourea 100 ng/L Al kyl -di met hyl -am ne oxide 0.2 nL/L The pH of
the formulation is 10 at 20 C. The fornulation is agitated with a notori zed
circular insoluble platinumdi oxi de anode and solution stirring. The bath is
raised to 70 C and brass coupons (cathodes) are placed in the formnulation
to be plated with a gold-silver-copper alloy. The current density is 1 ASD
and a current interruption nethod is used. Current is applied for 0.3
seconds and turned off for | second. TQIS pattern is repeated for 30
mnutes. A 10 mcron gold-silver- cop& r alloy is deposited on the coupons.
The alloy is expected to be 18 karats and have a 2N col or. However, the 2N
color is not expected to be bright and uniform It s expected to shom/an
obser valih# iselgienedrisibl e haze at a thickness of nmore than 5 nicrons. -17- Wat
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mer capt o- P iASYNRASItIAEORHSHNE aspratialdy of one or more sources of gold ions, one or more
sources of silver ions, one or more sources of copper ions, one or more sources of

dithiocarboxylic acids having a non-protic carbon atom in alpha position to a
dithiocarboxyl functionality, salts and esters thereof, one or more surfactants, one or
more alkaline materials, and one or more compounds selected from the group consisting
of mercapto-tetrazoles, mercapto-triazoles and salts thereof.

6. A method comprising:

a) providing a composition comprising one or more sources of gold ions, one or
more sources of silver ions, one or more sources of copper ions, one or more
dithiocarboxylic acids having a non-protic carbon atom in alpha position to the
dithiocarboxyl functionality, salts and esters thereof, and one or more sources of
mercapto-tetrazoles, mercapto-triazoles and salts thereof;,

b) immersing a substrate into the composition; and

¢) depositing a gold-silver-copper alloy on the substrate.

7. The method of claim 6, wherein the gold-silver-copper alloy is deposited on the substrate
by current interruption using repeating cycles of 1:2 to 8:1.

8. The method of claim 6, wherein the current density is 0.05 ASD to 10 ASD.

9. An article made by the method of claim 6, the article is 8 Karats to 23 Karats.

10. The article of claim 9, wherein the article is 2N or 3N color.



6. A nethod conprising: a) providing a conposition conprising one or nore
sources of gold ions, one or nore sources of silver ions, one or nore
sources of copper ions, one or nore dithiocarboxylic acids having a
non-protic carbon atomin al pha position to the dithiocarboxyl
functionality, salts and esters thereof, and one or nore sources of

nmer capt o-tetrazol es, nercapto- trlazolq§ and salts thereof; b) imersing a
substrate into the conposition; and c) depositing a gol d- S|Iver-copper al | oy
on the substrate. 7. The nethod of claim6, wherein the gold-silver-copper
alloy is p S . usi ng repeating
cycl es of q? gﬁ%&)ﬁg’ %ng&ec §ngh%§ﬁélgth§1% gﬁ%ﬂ&gﬁd e?lé{;éjné)%éﬂgalcurrent density
is 0.05 ASD tfambf: ASD. 9. An article nade by the nmethod of claim®6, the
article is 8 Karats to 23 Karats. 10. The arkicle of claim9, wherein the
article is 2N or 3N color. -18- 11. The co sition of claiml1, wherein the
di t hi ocarboxylic acids have a general forgzggs sx QO S Rr N\H N\ RL
wherein Rt is a hydrogen, straight or brarch saturated or unsaturat ed,
substituted or wunsubstituted Re drocar bon group, or phenyl group,
R2 is hydrogen, or straight, branched, saturated or unsaturated,
substituted or unsubstituted (Cl-C4) hydrg8&rbon group, and X is a hydrogen
or counter-ion.

Ry
wherein R; is a hydrogen, straight or branched, saturated or unsaturated, substituted or
unsubstituted (C,-C,0) hydrocarbon group, or phenyl group, R; is hydrogen, or straight,
branched, saturated or unsaturated, substituted or unsubstituted (C,-C4) hydrocarbon group,

and X is a hydrogen or counter-ion.



