-1 | MPROVED GOLD ALLOY ELECTROLYTES The present invention is directed to
“inproved el ectrolytes for depositing gold alloys. Mire specifically, the
present invention is directed to inproved electrolytes for depositing gold
_alloys which include certain conbinations of sulfur containing organic
conpounds to provide the gold alloy deposits with inproved brightness and
color uniformty. CGold 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 ating industr e rchi ifute having a
reduced | evel of toxi JW@X%@P@%@W@%@%@% the gold all oy
deposits produced with such a cadm um substitute nust have the foll ow ng
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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



characteristics set forth above. The toxicity of cadmumnetal has initiated
| egi sl ative action by -2 many jurisdictions to elimnate its use in many

i ndustries. Accordingly, it is highly desirable for industries to find a
substitute for gold alloys containing cadmum U. S. 5,256,275 discloses a
gold alloy electrolyte which elimnates cadm um The gold alloy includes
gold, silver and copper. In addition to the water soluble gold, silver and
copper salts, the electrolyte fromwhich the alloy is electroplated nmay
include various organic sulfur conpourngds such as thiourea, thiobarbituric
acid, imdazolidinethione, thiomalic acid, sodium thiosulfate, sodium

t hi ocyanate and sodi um i sot hi ocyanate. The gol d-sil ver-copper all oy
addresses sone of the desired characteristi.cs descr.i hed ahove. .1t often
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ions, one or re conpounds chosen from nmercapto-tetrazoles,

mer capt @raticicarboh etomainchlgtal rositioh ¢o e dithioganebxy! 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



one or nore dithiocarboxylic acids having a non-protic carbon atomin al pha
"position to a -3 dithiocarboxyl functionality, salts and esters thereof,

pl acing a substrate in the conposition; and depositing a gold alloy on the
. Ssubstrate. In a further enbodi ment articles deposited with the gold all oy
conpositions and by the nethods are provided. The articles include gold
all oy deposits of 8 to 23 karats and a 2N color or a 3N color, which is a
desired yell ow to deep yell ow grade. Such articles include jewelry and

ot her decorative articles. As used throyghout this specification, the
foll ow ng abbrevi ations shall have the foll ow ng neanings, unless t he
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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 (o) 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.



bright and uniformy colored gold alloys on substrates. -4 Any suitable
source of gold ions which are water soluble my be used. Such conpounds
provide gold (1) to the conpositions. Such sources of gold ions include, but
are not limted to, alkali gold cyanide conpounds such as potassi um gol d
cyani de, sodium gold cyanide, and amonium gold cyani de, alkali gold

t hi osul fate conpounds such as trisodiumgold thiosulfate and tripotassium
gold thiosulfate, alkali gold sulfite conpounds such as sodiumgold sulfite
and potassiumgold sulfite, amoniumgold sulfite, and gold(l)halides such
as gold(l)chloride. Typically, the alkali gold cyani de conpounds are used
such as potassiunlgold cyanide The annunt of the one or nore water soluble
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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.



conpounds are generally comrercially avail able or may be prepared by nethods
well known in the art. -5 Any of a wide variety of water sol ubl e copper
conmpounds that provide copper to the conpositions nmay be used. Suitable
copper conpounds include, but are not Iimted to, copper (I) cyanide,
copper (I) and (11) chloride, copper (I11) sulfate pentahydrate, copper (I1)
hydr oxi de. Typically copper (I) cyanide is used. The total anount of the
one or nore water soluble copper conmpounds is froml g/L to 150 g/L, or
such as from10 g/L to 75 g/L, or suchsas from20 g/L to 50 g/L. Such copper
conpounds are generally commercially available or nmay be prepared by

nmet hods well known in the art. The organic sul fur containing conpounds used
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one or more dithiocarboxylic acids, salts and esters thereof in combination with one or more of
the mercapto-tetrazoles and mercapto-triazoles and their respective salts provide an improved
brightness and color uniformity 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:
/SX
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unsubstituted (Cl-C20) hydrocarbon group, or phenyl group; R2 is hydrogen,
or straight, branched, saturated or unsaturated, substituted or
unsubstituted (Cl-C4) hydrocarbon group; and X is a hydrogen, or a suitable
counter-ion including, but not limted to, alkali nmetals such as sodium
potassium and lithium Exanples of R hydrocarbon groups are nethyl, ethyl,
undecyl, and heptadecyl. Typically, R is nethyl, ethyl or phenyl. Mbore
typically R is methyl or ethyl. Most typically, R is nmethyl. Exanples of
R2 are nethyl and ethyl. Typically R2 jgs methyl. Substituent groups

i nclude, but are not limted to, hydroxyl, alkoxy, carboxyl, am no, and

hal ogen such as chlorine and brom ne. The acid is formed when X i s hydrogen,
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epi chl ogigsibAtoxPRc adi@! ycondensate. -7 In general one or nore of the
di t hi ocarboxyli ¢t acids, salts and esters thereof may be used in
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.



the conpositions in anobunts of 0.5 ng/L to 500 ng/L, or such as from 10 ng/L
to 250 ng/L, or such as from50 ng/L to 150 ng/L. Such dithiocarboxylic
acids, salts and esters thereof are generally commercially available or may
be prepared by nmethods well known in the art. Exanples of nethods for
maki ng the im dazole 4(5)-dithiocarboxylic acids and their salts are
disclosed in U S. 4,394,511, U S 4,431,818, and U.S. 4,469, 622. Any
suitabl e mercapto-tetrazole and salts thereof which provides the desired
brightness and color uniformty of the.gold-silver-copper alloy in

conmbi nation wth one or nore of the dithiocarboxylic acids having a
non-protic carbon alpha to a dithiocarboxyl functionality, salts and esters
t her eof may, ed in t it . r -1
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typically, .R3 is A-SOBNa, and X is hydrogen. Exanples of such acids include
5-nercaB%ﬂU%FFf%??%?g$%@P955@P?3“Q&&H?p Dffercapto-1H tetrazole-l-prop ionic

acid, and SER{pARY Suitabld helcsRE WiRzblePRdvRIferrafhd, and salts thereof. Also
i ncluded are the 5-nercapto-1 Htetrazol e-I-al kane sul fonic acids and the

nmercapt o-tetrazole sulfonic acids. Exanpl es of nesoionic conpounds such as
tetrazol i um conpounds which may be uged {n

Iy
T

Rs (1)

wherein Rj is hydrogen, straight or branched, saturated or unsaturated (C;-C,) hydrocarbon
group, (Cg-Cyo)aralkyl, substituted or unsubstituted phenyl or naphthyl group, A-SO;Y or A-
COOQY, 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
(Cao-Cyo)alkylene, branched or unbranched (C;-Ciy)alkoxy, hydroxyl, and halogens such as

chlorine and bromine.



the electrolyte conpositions have a formula: R5 N+ R4 \ N 'SX (111) wherein
X is defined as above; R4 is a substituted or unsubstituted al kyl, al kenyl,

t hi oal koxy, or al koxycarbonyl group having froml to 28 carbon atons; a
substituted or unsubstituted cycloal kyl group having from3 to 28 carbon
atons; a substituted or unsubstituted aryl group having from6 to 33 carbon
atons; a substituted or unsubstituted heterocyclic ring having from1l to 28
carbon atons and one or norehetero atons such as nitrogen, oxygen, sulfur,

or conbinations thereof; an al kyl, cy@hoal kyl, al kenyl, al koxyal kyl, aryl

or phenoxy group connecting to a substituted or unsubstituted aromatic
ring; or an alkyl, cycloal kyl, al kenyl, al koxyal kyl, aryl, or phenoxy group

connecti ng : St : tot. . |Al_ j isng | to
25 car bonar e 3 e Lol SR i SO et
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from3 to 28 carbon atons; a substituted or unsubstituted acyl oxy ?roup
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at ons, swlfthicegidsni trogen, oxygen, sulfur or conbinations thereof; an al kyl,

cycl oal kyl, _al kenyl., al koxyal kyl, aryl, -9 or phenox rqup connecting to a
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al kenyl theldsa3y@l dlposiibid havefa fBM@NSXY group connecting to a substituted or
unsubstituted heterocyclic ring having | to 25 carbon atons and one or nore

hetero atons such as nitrogen, gen, sulfur or conbinations thereof. In
general, the nmercapto-tetrazol es, \i ncluding the tetrazolium conpounds, are
included in the electrolyte conpgSH=Bns in amounts of 0.5 ng/L to 200
ng/L, or such as from10 ng/L to

R— P
) \N SX (1)

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 [
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,



150 ng/L, or such as from50 ng/L to 100 ng/L. Such mercapto-tetrazoles are
“generally commercially avail able or may be prepared by nethods well known
in the art. Any suitable nercapto-triazole conpound and salts thereof which
. provide the desired brightness and color uniformty of gold-silver-copper
alloys in conbination with one or nore dithiocarboxylic acids having a
non-protic carbon alpha to a dithiocarboxyl functionality, salts and esters
t hereof nmay be used in the conpositions. Mercapto-triazoles al so include
mesoi oni ¢ conpounds such as 1,2,4-triazoles. Exanples of suitable

mer capto-triazol es have a formula: XS (1V) wherein R7 is hydrogen, straight
or branched, saturated or unsaturated (Cl-C20) hydrocarbon group,

(B COOMAIRNIK) grofOstibluttal a bt IRUPST b il RN OMb OHin 1 3P B Bl 07 OuP: and

X is hydrogen,” “or a sul counter-ion 1Includ ng, not limted to,
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or unbpanebes, 65 geahBlikerbmuhsdbAMbreofnd hal ogens such as chlorine and
brom ne. Typically, R7 1is hydrogen, straight chain (Cl-C4) alkyl, and X is
hydr ogen, slodicuarelothepagreapse-tatnazaes: éncludys thatetrpzolmm ¢anpppads geeninclpdadipl  or
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a fornula: R4, N+-N (V) erein R4, R5 and are defined as above as for
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atons; a substituted or unsubstituted al kyl, al koxy, or al kenyl group having

from | boghtness and color uniformity of gold-silver-copper alloys in combination with one or more
dithiocarboxylic acids having a non-protic carbon alpha to a dithiocarboxy! functionality, salts
and esters thereof may be used in the compositions. Mercapto-triazoles also include mesoionic
compounds such as 1,2,4-triazoles.

Examples of suitable mercapto-triazoles have a formula:

e
|

Re (Iv)
wherein R is hydrogen, straight or branched, saturated or unsaturated (C,-Cy) hydrocarbon
group, (Cs-Cy)aralkyl, substituted or unsubstituted phenyl 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 naphthy! include, but are not limited to,
branched or unbranched (C;-C,;)alkyl, branched or unbranched (C,-Cyo)alkylene, branched or
unbranched (C;-C)z)alkoxy, hydroxyl, and halogens such as chlorine and bromine. Typically, Ry
is hydrogen, straight chain (C,-Cy) 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.



28 carbon atons; a substituted or unsubstituted cycl oal kyl group having 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; a substituted or unsubstituted heterocyclic ring
having from| to 28 carbon atons and one or nore hetero atons, such as

ni trogen, oxygen, sulfur or conbinations thereof; an al kyl, cycloal kyl,

al kenyl, al koxyal kyl, aryl, or phenoxy group connecting to a substituted or
unsubstituted heterocyclic ring havinag-l to 25 carbon atons and contai ni ng
one or nore hetero atonms such as nitrogen, oxygen, sulfur or conbinations
thereof; and the R4, R5 and R6 may further conbine with each other to form
a 5-, 6- OprfSRABERREbIbINLonlP3uSRNGERS th H?azgﬁdrﬁ%%ﬁoﬁﬁd%%%herﬁay beskddi ng
t he 1 2,4-trirazolium conmpounds, are included in the electrolytée
conp05|mnbndeﬁnﬂﬁnDWHWSHumsmaﬁamﬁKMUEo 200 ng/L, or such as from10 ng/L to
150 ng/L, or such as from 50 L to 100 ng/L. Such nercapto-triazoles are
generally comercially availabl's or may be prepared by nethods well know in
the art. Alkaline materials al so may—-br added to maintain the pH of the
conpositions from?7 to 14, or su as\\from8 to 12, or such as from9 to
11. Such al kaline materials incl b are not limted to, sulfates,
carbonat es, phosphates, hydrRgen p Xand ot her salts of sodium

pot assi um and nmagnesi um For exanplé? K2 Na2C03, Na2SO4, MgSO™4, K2HPO4,
Na2HPO4, Na3PO4 and mi xtures thereok are suitable alkaline materials. -11
In addition to the al kaline materi alR described(epove hypophosphite salts

al so may be included to naintain the pH ranges descri bed above. Typically,
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i ncl udeguchu$ niofer)Okydeh Mui R of @mbinations thereof; an alkyl, cycloalkyl, alkenyl,

alkoxyalkyl, aryl, or phenoxy group connecting to a substituted or unsubstituted heterocyclic ring

having 1 to 25 carbon atoms and containing one or more hetero atoms such as nitrogen, oxygen,
sulfur or combinations thereof; and the R4, Rs and Rg 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,COj3, Na,CO3;, Na,SO4, MgSO,, K;HPO,, Na,HPO,,

NasPO, and mixtures thereof are suitable alkaline materials.



al kali metal salts of al kyl sulfates, al koxyal kyl sul fates (al kyl ether

sul fates) and al koxyal kyl phosphates (al kyl ether phosphates). The al kyl
and al koxy groups typically contain from10 to 20 carbon atons. Exanples of
such surfactants are sodiumlauryl sulfate, sodiumcapryl sulfate, sodium
nyristyl sulfate, sodiumether sulfate of a Cl2-Cl18 straight chain al cohol,
sodium | auryl ether phosphate and correspondi ng potassiumsalts. O her
suitabl e surfactants which nay be used include, but are not Iimted to,
N-oxi de surfactants. Such N-oxide surfiactants include, but are not limted
to, cocodi nethyl ami ne N- oxide, |auryldinethylam ne N oxide,

ol eyl di met hyl am ne N-oxi de, dodecyl di met hyl am ne N- oxi de,

| di | 2 h h 1 '
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| aur am - dopro | di met hgl am ne N-oxide, Cl4-Cl6 al kyl d| nmet héyl am ne N-oxi de,
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surfactants 1 nclu not t'ed to, betal and al koxyl ates such
as t hdlwb;lrhdspine oesuniehmomquphne ammqmur(l E@@@))swaimamdj mibstureSthsheogur f act ant s
are wel |

surfatants omercially
bt ai ned or Mataliiigtif dicddB e Tasuais SR ReyPaTs ot g1 BRIy ¢ he
sur f act @kpdsiab®s ihRfloUALEo Minkdie th(é?lq)@f&hé b&ﬂ;&)sltl’bnﬁmgfr&g% d&cAbdilabbve.t 0 20
m./L, or such as from1 nL/L to 1 such as from5 nL/L to 10 ml/L.
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t her eOfsodlﬁﬁfm?ﬁiﬁmluﬁ“ateod@@m&hadsuﬁﬁte of a C15-C 5 straight chain alcohol sodium lauryl
ether phosphate and corresponding potassium salts.

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,-
Cis alkoxypropylamine N-oxide, lauramine N-oxide, laurami-dopropyldimethylamine N-oxide,
C14-Cy6 alkyldimethylamine N-oxide, N,N-diemthyl (hydrogenated tallow alkyl) amine N-oxide,
isostearamidopropyl morpholine N-oxide, and isostearamidopropy! 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.



current mani pul ation involves using repeated cycles ranging from1:4, i.e.,
25 ms with current turned on followed by 100 ns with the current turned

off, to 4. 1, i.e., 100 ns with the current turned on followed by 25 ns
-with the current turned off. Another exanple is using repeated cycles of

1:5, i.e., | second with the current turned on followed by 5 seconds with

the current turned off, to 5:1, i.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 densifpy which permts the deposition of a
bright and col or uniform gold-silver-copper alloy nmay be used. Typically,
current densities used range from0.05 ASDto 10 ASD, or such as fromO0.1

ASD to 5 A " 0 i I : ity is
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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 | 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.



copper. A gold-silver-copper a] loy of 18 karats and 3N corresponds to 75%
“gold, 12.5% silver and 12.5% copper. The gol d-sil ver-copper alloys
deposited fromthe electrolyte conpositions are free of haze. Exanple | An

. aqueous plating bath having the follow ng conposition is prepared:
COMPONENTAMOUNT Di - sodi um hydr ogenphosphat e10 g/ L Sodi um hypophosphite
nonohydrat e0.5 g/ L Copper cyani de40 g/ L Potassium silver cyani de255 ng/L

Pot assi um gol d cyani del0 g/ L Potassi um cyani de55 g/L

2- et hyl i m dazol e-4(5) -di t hi ocar boxyl Lg_aci d55 ng/L 5-ner capt o- |

Htetrazole- | -nethane suffonic acid55 ng/L Lauryldi nethyl am ne N oxide0.70
m./L The pH of the bath is 10 and the tenperature is 601 C. The bath is
agitated by, a ul ar b a
stirring. M ssgq%lb(r?l%pl%fg% RIESS ara?us IPaeye ‘isgﬂg"oJ% ?gaﬂg ﬁggpsq%er g&)pgpéel%gf r opI at ed
in the albgv(ﬁeseI(:emt/érmloyhleelémbblaaﬁg @pﬁrat\ﬁ%@&be@n;ﬂoyﬁdr e tsubsntaes rﬁumtwmas met hod
of 5 seconds on and second off. Electroplating conti nued for 30 m nutes
to provqhaéatqugégn%éplu@ﬁar ms%elese!eégpdeda@pglﬁgﬂw ttBeangden [YpicAYe PBns of

gol d-si Bgé’cﬁﬁblg' @%hoﬁx%rﬁ})ﬂ%é m;m@olégﬁdaxsg%mmm &&ﬂggsmu cRiukf karats

with a 2N uni ormc .e., bright yellow "appearance. aze Is
obser vabbddon the alloys. Exanple 2 An aqueous pI ating bath of the follow ng

Loyl e, |5 530, COPENTADAT, B sochum doan prosehabeagygl L
cyani dedier-88ppbr alloy on the substrate. Typically, the thickness of the alloy is from 0.5 microns to

25 microns, or such as from 2 microns to 20 microns, or such as from 5 microns to 10 microns.

The amount of gold in the alloy may range from 8 karats to 23 karats, or such as from 12

karats to 18 karats. Typically, the amount of gold in the gold-silver-copper alloy is 18 karats. A

gold-silver-copper alloy of 18 karats and 2N corresponds to 75% gold, 16% silver and 9%

copper. A gold-silver-copper alloy of 18 karats and 3N corresponds to 75% gold, 12.5% silver

and 12.5% copper. The gold-silver-copper alloys deposited from the electrolyte compositions are

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
S-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)



Pot assi um gol d cyani del0 g/L Potassi um cyani de60 g/L

4(5)-i m dazol e-di t hi ocarboxylic acid50 ng/L 5-nercapto-lIHtetrazole-I|-acetic
aci d50 ng/L Sodium | auryl ether phosphate0.75 nL/L The pH of the bath is 9
at 65 C. The bath is agitated during electroplating by a notorized disc

pl ati num di oxi de i nsol uble el ectrode and solution stirring. Brass coupons
(cathodes) are plated with the fornulation with a current interruption

met hod where the current is one for 3 seconds and off for | second.

Gol d-sil ver-copper alloy deposition ig4done for 60 m nutes 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 |ayers are expected to be
18 kara - r i Qht i I - : ks
oxpeot ol AR BT PR b Bl Ao Db PR AP ysile EomoPlniiprbR mRBRR oL P,

| ayer s. 5sddon&xa@ngidel céud affjuBkuisopdhtatg cogtidet Hotdvinimgtes he pfogidednasagnd

formul ation is prepared; %FI&D NTAMOU per sulfate pentahydrate45 g/L
sodi um §8INgssipdlicpepess gapeday ‘It%mmr?qsﬁﬁﬁ%e%?'@p%mﬁ?%l ¥ite50 gilL
2-ethylim dﬁ?eoill%?ﬂ@@sﬁﬁibiﬂéb@_@@kb@q&llréﬁwﬁﬁ'a@@ourﬂﬂ/nh CBIONBIC APTahr Yellow

H-tetrazol e- 1-net hane sul'fonic aci d45 ng/L Sodi um ether sulfate (C 2

st r ai gheppehanee. dlchdreliy ghsesyable/on tihalloabove pl ating bath has a pH of 8 and is
at 70 C. Brass coupons (cat hodes) ar ed in the bath and the bath is
agitated with a plati num di oxi de diggmﬁh%g% connected to a notor and

sol ution stAi kiuegus plagngiRdtubf e feliviag foomulaanprepatesd: t hr oughout

gol d- si - . current densi-ty—is-0.6-ASD—Current is
appl i edl for 60 mCOMBONENT turned off for 100 mAMAYNE current inferruption
pattern T's contddnmeddfdgenpfibkpraeiut es 1o deposit a geld:- st I ver-copper
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
S-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.



all oy on the brass coupons having a thickness of 10 mcrons. The all oy
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. Exanple 4
An aqueous plating bath having the following fornula is prepared:
COMPONENTAMOUNT Di - pot assi um hydr ogen phosphatel0 g/ L Potassium

hypophosphi t e nonohydratel g/L Copper cyani de35 g/L Potassium gold cyani delb
g/ L Potassiumsilver cyani de230 ng/L Potassi um cyani de45 g/ L

4- et hyl i m dazol e-5-di t hi ocarboxylic agL.d65 ng/L 5-nercapto-1

H tetrazol e-l-acetic acid50 ng/L Sodium ether sulfate (C e straight chain

al cohol )0.8 nL/L -16 The pH of the plating bath is 9 and the tenperature of
the bath is 70 C. The bath is agltgxagg gpth a notorized circular insoluble
anode conposed of plati num di oxi de ution stirring. Steel coupons
(cat hodes) marRupdiaeeding bathitewhgtthe Rondwaigefophidhtash iwpidpadgol d- si | ver - copper

al | oy. M&W —5 seconds
and is| turned off f(GMPP ond. This curlrent inteAMQYNEn pattern is done

for 60m nut €s tgbpg,@rumtag@hgidr&bl Ver - copper al'l oy ng gaach steel cpupon. The
al | oy depc h 0 CoupoNs 3 X[ 0 be 18 ka with a 3N
deep yeI I ow haze SP?‘@‘@ galﬁpélﬁFeance The col or on eacHzc%upon is expect ed to
be both Dright and gipéf@ffd Exanpl € 5 (Jonpar ati Vek aqueous plating bath
havi ngthe foll ow nn formula i s prepared:] COVPONENTSAMOUNTS Di-sodj um

hydr ogenphosphat e155¢#i4m SbéE um hypophospHi t e monohydPaflel g/ L

2-ethylimidazole-4(5)-dithiocarboxylic acid 60 mg/L
5-mercapto- 1 H-tetrazole-1-methane sulfonic acid 45 mg/L
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 1g/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
S5-mercapto-1H-tetrazole-1-acetic acid 50 mg/L
Sodium ether sulfate (C 5 straight chain alcohol) 0.8 mL/L




Copper cyani de30 g/ L Potassium silver cyani del85 ng/L Potassi um gol d

cyani del0 g/ L Potassium cyani de40 g/ L Ethyl ene-thi ourealOO ng/L

Al kyl - di net hyl -am ne oxide0.2 nL/L The pH of the fornulation is 10 at 20 C.
The fornulation is agitated with a notorized circular insoluble platinum
di oxi de 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

gol d-silver-copper alloy. The current density is | ASD and a current
interruption nmethod is used. Current ig-applied for 0.3 seconds and turned
off for | second. This pattern is repeated for 30 mnutes. A 10 mcron

gol d-silver-copper alloy is deposited on the coupons. The alloy is expected

to be 18 ra nd v I o] t expected
to be bri gﬁt%egﬁzoﬁﬁ Rl%?hrﬁebal?l? ?Sl\él @géﬁ%%g?gwgggtﬁ%\?vﬁgﬁ%%géér @%‘% aetmt}'ndesi rabl e
haze atagiatethwithraanstotifednaircalat aolubleninedcossposediof\phainuinsdickide amblsolwionl . A
conposition conprising one or nore soqurces of gold ions, one, or nbre sources
of si Vg orie! coppondicatiores) atsurlaced %&heia&bﬁ@fi arﬁ‘dﬂgtsg i Oy YErERRSbunds
chosen Jxrog.mrhér_@ar%reeafshﬂsr PASDE Shhe WBIEAM Siplikd A% 0 £RcHNA AdkdSrmotEpf . and
one or nofe dithiocarboxylic acids having a non-protic carbon atomin al pha
posi t i ohseconda This ¢unient atdsomtibn patreen isclea¢ forp0 nsaltestodnm egobkslveheappef . 2.
The coqusitio flclain11, wherein the one or nore dithiocarboxylic acids
havi ng 0y88ﬁ9%}5?ﬁ8mggpbon atomin the al pha position to the dithiocarboxyl
functi onal iThy all&@ddpssitsh eaBl bEs chifhe afe ek parfRISo be A8 kArals Wigh b 3N@le@®0 ng/ L of
the conposition. 3. The conposition of claim1, further conprising one or
nor e suyellguthazs-fee appeaiaacee orisselor op gagicoupe imexpectedrte e Pobdwsht idng one or
nore al katine materials. 5. A conposition consisting essentially of one or
nore sources of gold ions, one or nore sources of silver ions, one or nore
sources of copper ions, one orErmnge SdUompsatdife) dithi ocarboxylic acids

having a n%nn-eﬁqrugguls%laﬁﬁlrg gtrﬂ] h%tv%rgthenfo?llo&?nag fgpn%lg %sopr}e;;[a?eda:1

COMPONENTS AMOUNTS

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



di t hi ocarboxyl functionality, salts and esters thereof, one or nore

“surfactants, one or nore alkaline materials, and one or nore conpounds

selected fromthe group consisting of nmercapto-tetrazol es,

. mercapto-triazoles and salts thereof. 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

di t hi ocarboxylic acids having a non-protic carbon atomin al pha position to

the dithiocarboxyl functionality, saltys and esters thereof, and one or nore

sources of nercapto-tetrazoles, nmercapto-triazoles and salts thereof; b)

I mrersing a substrate into the conposition; and c) depositing a

gol d- siyyer: cRpparsal 1oy on the substrate. 7. The nethod of claim®6, wherein
%;srﬁverfcvpper

t he gol alloy is deposited on the substrate by current

i nt er rupt iloM cehpaiticapeatprisipgoye besorfsolrc?s ¢fogold ibns,®ne Phmone¢duads of cl ai m 6,
wherein the current density is 0.05 ASD.to 10 ASD. 9. An articIF made by
the met hod ofVEIIGINPRE Ot RRCAPYTFES A CPRP I8y AT MPrOSORRGURIS Chosgpirom o

article of GhatdptQietdhRELHRrdpR-RabdI6d MdisdliZde@bf, 3N 68 &more
dithiocarboxylic acids having a non-protic carbon atom in alpha position to a
dithiocarboxyl functionality, salts and esters thereof.

2. The composition of claim 1, wherein the one or more dithiocarboxylic acids having a
non-protic carbon atom in the alpha position to the dithiocarboxy! functionality, salts and
esters thereof ranges from 0.5 mg/L to 200 mg/L of the composition.

3. The composition of claim 1, further comprising one or more surfactants.

4. The composition of claim 1, further comprising one or more alkaline materials.

5. A composition consisting essentially 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

c) 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.





