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SGription This invention relates to new organosukfur gold conpounds and
to a process for_thei roduction. _The invention also rel ateg,t he_use
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substrates, sucbomsand pheircukar, gl ass, porcelain and ceramc
Preparations of the type in question gen- erally contain one or nore

or ganosul fur gold conpounds,
Description

This invention relates to new organosulfur gold
compounds and to a process for their production. The

invention also relates to the use of the new compounds
for the production of preparations for producing a gold
5 decoration on firing-resistant substrates.

Gold preparations, including so-called bright gold
preparations and burnished gold preparations, have long
been used for the production of gold decorations, includ-
ing conductors of integrated circuits, on firing-resis-

10 tant substrates, such as in particular, glass, porceiain
and ceramic. Preparations of the type in question gen-
erally contain one or more organosulfuf gold compounds,
one or -more organic polymeric binders and a solvent
system. The 'preparations additionally contain other

.15 soluble and/or insoluble noble metal compounds and/or
gold and one or more fluxes for establishing required
optical and performance properties of the decoration to
be produced and also other auxiliaries for establishing
the processing properties of the preparations. The noble

20 metal preparations are applied to the surface to be
coated by conventional direct and indirect printing
processes, spraying or brushing or by the transfer tech-
nique. Evaporation of the solvent is followed by a
firing Step at a temperature adapted both to the sub-

25 strate and to the gold preparation. The maximum firing

"~ temperature is mostly between 400 and 900°C, although
even higher temperatures may be applied in special cases.
A noble metal film is formed and fixed on the surface of
the substrate by the firing operation.

30 For some time, the organosulfur gold compounds used
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§one or, nore organlc pol ynmeric binders and a sol vent system The
fpreparatlons additionally contain other -sol ubl e and/ or insol uble noble
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to the general formula Au-S-R, where R is an alkyl,
cycloalkyl, aryl or aralkyl group or a bicyclic hydrocar-
bon radical, the gold is present in its monovalent form.
When used in gold preparations, the gold compounds

10 mentioned above require the use of an exclusively organic

solvent systenmn.

For industrial hygiene, safety and ecological
reasons, there is a growing interest in noble metal pre4
parations for decorating firing-resistant substrates in

15 which the organic solvent of the solvent system is at
least partly replaced by water. Thus, DE-OS 32 17 049
describes a coating composition for applying an overglaze
decoration to porcelain which contains 15 to 40% by
weight of polyvinyl pyrrolidone or a mixture of polyvinyl

20 pyrrolidone and agqueous polyethylene oxide, 45 to 85% by
weight of ethylene glycol and/or propylene glycol and
optionally water. The document in guestion mentions
oxides, gold and organic gold compounds as coloring
constituents but does not disclose a single structure of

25 the gold compounds.

EP-A 0 514 073 describes homogeneous compositions,
preferably solutions, which form a glossy metallic noble
metal film on firing. The compositions contain 3 to 22%
by weight of a noble metal thiolate, a polymeric resin

30 and, as solvent system, a mixture of water and an organic
solvent (co-solvent) which is preferably a water-miscible
alcohol, ether or ester. Both the noble metal thioclate
and the binder are said to be soluble in the water/co-
solvent mixture. The gold(I) thiolates preferably used

35 are those corresponding to the general formula Au-S-R-H
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A noble netal filmis formed and fixed on the surface of the substrate by
the firing operation. For sone tinme, the organosul fur gold conpounds used
2 for t-he decorative preparations nention have been al nost Cﬁ%%‘ﬁ§3/
so-cal l ed gold sulforesinates obtained froma gold(lIl) salt

sul furized, nore particularly naturally occurring terpene. In these gol d
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monoval ent for AP g 1
a divalent organic radical. It is clearly apparent from
5 the many Examples and Comparison Examples in the cited
document that only very special gold(I) thiolates in
corresponding gold preparations containing water and co-
solvent lead to decorations which combine high gloss with
firm adhesion to the decorated substrate. By contrast,
10 only dull and/or poorly adhering decorations are obtained
with other gold(I) thiolates corresponding to the above
formulae.
Accordingly, the problem addressed by the present
invention was to provide a new group of sulfur-containing
15 gold compounds which would be suitable for use in water-
containing preparations for producing gold decorations,
more particularly high-gloss gold decorations.
It has been found that, after dissolution in water
in the presence of a base, preferably an amine, and
20 subsequent acidification, monogold(I) dimercaptosuccinic
acid and organosulfur gold compounds of similar structure
are not precipitated in the form of the original com-
pound, but surprisingly in the form of completely new
organosulfur gold compounds. The new organosulfur gold
25 compounds obtainable as outlined above are soluble in
water in the presence of a base. Water-soluble organo-
sulfur gold compounds according to the invention can be
directly obtained from the resulting solutions.
The organosulfur gold compounds according to the
30 invention are characterized by a gold content of 60 to
90% by weight and an atomic ratio of gold to sulfur of
greater than 0.7 to 4:1. The organosulfur gold compounds
according to the invention are obtainable by the process
described hereinafter. The gold compounds preferably
35 have a gold content of 68 to 85% by weight and more
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- When used in gold preparations, the gold conpounds nentioned above require
the use of an exclusively organic solvent system For industrial hygiene,
saf et y=and ecol ogi cal reasons, there is a grow ng interest in_ o %S g@tal
pre- parations for decorating firing-resistant substrates in
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gold and og gani ¢ gqi‘t?ecr? °8P€§n8‘§u£91'18rg09d compounds have properties
which distinguish them fundamentally from the starting
compounds used for their production. Thus, the new com-
pounds cannot be electrochemically reduced up to -1.8
volts. This is surprising because gold(I) thiolates,

10 such as the gold(I) mercaptopropionyl glycine and gold(I)
mercaptosuccinic acid mentioned in EP-A 0 514 073, show

a halfwave reduction potential of -550 mV against sil-
ver/silver chloride, as polarographically determined in
0.05-molar sodium hydroxide. The monogold(I) dimercapto-

15 succinic acid particularly suitable for the production of
the new gold compounds is also easy to reduce electro-
chemically - halfwave potential in 0.5-molar sodium
hydroxide -700 mV against Ag/AgCl. The electrochemical
non-reducibility of the new gold compounds by comparison

20 with gold(I) thioclates is an indication that the new
-compounds are not gold(I) thiolates, but Au compounds
with a valency of the gold of lower than +1. Figure 1
shows the voltammogram of the gold compound of Example 3
according to the invention while Fig. 2 for comparison

25 shows the voltammogram of the starting compound of
Example 1 (it is important to note that the ordinate in

Fig. 1 shows nA while the ordinate in Fig. 2 shows pua).

The maximum of the Au4f,,; peak of monogold(I) dimercapto-
succinic acid and of the organosulfur gold compound

30 according to the invention produced therefrom (Example 3)
was determined in comparisoh with elemental gold by X-ray
photoelectron spectroscopy/XPS/ESCA (high spectrometer
resolution) using a sputtered high-purity gold sample as

the calibration standard. At 84.2 eV, the maximum of the

35 above-mentioned peak of the compound according to the
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constituents but does not disclose a single structure of the gold
conpounds. EP-A 0 514 073 descri bes honbgeneous conpositions, preferably
sol utions, which forma glossy netallic ngble nmetal filmon f'&ifgz ﬁpe
conpositions contain 3 to 22% by wei ght of a noble netal thiolate,"a

pol ymeric resin and, as solvent system a mxture of water and an organic
sol vent (co- sotWRRY1emikdes Pefivgan fie valuesefori setaldiagl gohdl (84tPer or
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signal shift of the Au4f,,, peak towards higher binding
5 energies compared with metallic gold is regarded as an
indication of the presence of a gold cluster with a
valency of the gold of lower than +1 and higher than 0.
The very high gold content and the high atomic ratio of
Au to S may be regarded as further indications of this.
10 The starting compounds alsoc differ basically from the
compounds according to the invention in their IR spectra,
Fig. 3 showing the IR spectrum of the product of Example
3 and Fig. 4 the IR spectrum of the starting product
(Example 1). '
15 The gold compounds according to the invention may be
produced by a process comprising the following steps:

(1) dissolving a monogold(I) dimércaptocarboxylic aciad
compound corresponding to general formula (A):

20
COOH
HS - Q - S Au (3)
25 Y
in which Q is an aliphatic C,, alkane tetrayl
radical or a 5- or 6-membered cycloaliphatic
tetrayl radical optionaily containing an oxygen or
30 imine ring member and Y is hydrogen or COOH and the

S atoms are positioned at adjacent carbon atoms, or
a salt of compound (A) in water in the presence of
a base, preferably an amine,
(ii) adding a mineral acid to the solution of stage (i)
35 to a pH value of 2 or lower and ' |
(iii) isolating the product precipitated in stage (ii).
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3 or Au-S-R- X, where X i's a nitro group or -COCH, -SOerr]OH, -0OH -CONH2,
-NH2 or -O-P(O (OH)[err], the hydr ogen atons optionally being substituted,
or salt's thereof and Ris a divalent organic radical. It is ¢ egﬁ% F
apparent fromthe many Exanples and ConpaPison Exanples in t &
document that only very special gold(l) thiolates in corresponding gold
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of SU|furfgontalmdm%ercaptoglutarlc acid and monogold(I)-2,3- or -3,4~-

dimercaptoadipic acid. Monogold(I)-3,4-dimercapto-2,5-

dicarboxylic acid and monogold(I)-2,3-dimercaptocyclohex-

ane-1,4-dicarboxylic acid are mentioned as examples of

the cyclic starting compounds corresponding to formula

10 (7). The monogold(I) dithiolates corresponding to

formula (A) used as starting compounds are prepared in

basically the same way as known to experts from the

production of known noble metal thiolates: a gold(I)

complex corresponding to the formula AuCl(RSR') is formed

15 from tetrachlorcauric acid after addition of twice the

equivalent quantity of a thioether corresponding to the

formula RSR'; according to EP-B 0 491 147, a particularly

suitable thiocether for this reaction is methionine. The

complex mentioned is then reacted with a subétantially

20 equivalent molar quantity of the dithiol (dimercapto

compound) on which compound (A) is based in the presence

of a solvent, resﬁlting in the formation of the monogold

compound corresponding to formula (A). The production of

the dithiol compound on which compound (A) is based com-

25 prises standard process steps: for example, dimercapto-

alkane dicarboxylic acids can be obtained by reacting the

corresponding alkine dicarboxylic acids with thioacetic

acid; another possible method of obtaining aliphatic and

cyclic dimercapto compounds on which the gold compounds

30 of formula (A) are based is to react the corresponding

dihalogen compound (¥-Q(Hal),-COOH) with an alkali metal
sulfide. '

Any base, such as for example.sodium hydroxide or an

amine, may be used in step (i) of the process according

35 to the invention. Preferred bases are amines, including
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gol d conpounds whi ch would be suitable for use in water- containing
‘preparations for producing gold decorations, nore particularly high-gloss
gol d decorations. It has been found that, _after dissolution ig %Er %n t he
presence of a base, preferably an am ne, dnd subsequent aci di ?22 oﬁ,
nonogol d( 1) di mercaptosuccinic acid and organosul fur gold conpounds of
similar structprinare, nsecondeiyi teatdedeertidey f emines twitlrayiphatiom
pound, but surfgdsd L Lh of , g &2 el g u ogrld
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propylamine and triisopropylamine being particularly
preferred. In step (i), the gold compound is introduced
into water and a base, preferably an amine, is added in
such a quantity that the gold compound dissoclves. If a
10 water-soluble salt of the monogold(I) dimercaptocar-
boxylic acid compound corresponding to general formula
(2) is directly used in step (i), there is no need to add
a base or the quantity of base added may optionally be
reduced. Using the monogold compound corresponding to
15 general formula (A), a pH value of at least 8 and prefer-
ably a pH value of 9 to 14 is best adjusted by addition
of the base. The monogold compound corresponding to
general formula (A) is preferably used in such a quantity
that a gold content of 2 to 20% by weight is obtained in
20 the solution. | '

A mineral acid, preferably hydrochloric acid, is
added in step (ii) until a pH value of 2 or lower is
reached. A brown to black product precipitates during or
after addition of the mineral acid and is removed from

25 the solution in known manner in step (iii).

The product isolated in step (iii) already has all
the properties of the organosulfur gold compounds accord-
ing to the invention. A further increase in the gold
content and reduction in the sulfur content can be '

30 obtained by repeating steps (i) to (i.ii)' one Or more
times, preferably once or twice, the product isolated in
step (iii) of the preceding sequence being used as the
starting product for step (i) of the second and following

, sequences. Steps (i) to (iii) may be carried out at room

35 temperature or at elevated temperatures, preferably at 30
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I nvention are characterized by a gold content of 60 to 90% by wei ght and an
at.omc ratio of gold to sulfur of greater than 0.7 to 4:1. The organosul fur
gol d compounds according to the invention_are obtainable by t f cg
descri bed -hereinafter. The gol d conpouﬁds preferably have a g@%% %ntent
of 68 to 85% by weight and nore 4 particularly 73 to 8096by wei ght and
an atom c ratitD(:&‘OgI)-Id to sulfur of greater than 1 to 3:1 and nore
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properties descrlbed process dissolve 1n water 1n the presence of a
base. Water-soluble organosulfur gold compounds w1th the
5 properties characteristic of the new class of compounds
are directly obtained by evaporation of the water from

the resulting solution under reduced pressure.
It has been found that the organosulfur gold com-
pounds according to the invention are eminently suitable
10 for the production of a gold decoration on firing-resis-
tant substrates, such as in particular glass, porcelain
and ceramic. To produce a gold decoration, the organo-
sulfur gold compounds are best not used as such, but in
the form of preparations containing them, more particu-
15 larly in the form of so-called bright gold and burnished
gold preparations, and in the form of transfers of which
the decorative layer contains the organosulfur gold

compounds and organic polymeric binders.

The preparations mentioned, including so-called
20 bright gold and burnished gold preparations, for produc-
ing a gold decoration on a firing-resistant substrate or
for producing the decorative layer of a transfer contain
at least one organosulfur gold compound according to the
invention, one or more polymeric organic binders and a
. 25 solvent system which dissolves the polymers and the gold
compound or otherwise guarantees a uniform distribution.
If necessary, the prebarations in question additionally
contain other noble metal compounds in the form of simple
salts, complexes, resinates or thiolates of silver,
30 platinum and/or palladium to adjust color tones of the
required decoration. Burnished gold preparations addi-
tionally contain gold powder and/or insoluble gold
compounds. In addition, the preparations generally
contain fluxes in the form of compounds, for example
35 resinates, salts, oxides or coordination compounds, of
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specific optlcal and performance properties, such as firm
adhesion of the fired decoration to the substrate.

The organosulfur gold compounds according to the
invention may be used in preparations of which the
solvent system is exclusively organic, organic/aqueous or
exclusively aqueous. The expert will coordinate the
binders and solvents to be used in the preparations with
one another to obtain a homogeneous composition, prefer-
ably a solution.

Aqueous/organic or exclusively aqueous preparations
containing an organosulfur gold compound according to the
invention contain polymeric binders which are soluble in
water or which form a clear dispersion therein. Useful
binders are polyacrylic acid, polymethacrylic acid,
'polyvinyl pyrrolidone, cellulose ethers, more particular-
ly carboxyalkyl and hydroxyalkyl cellulose, polyalkylene
glycol, polyvinyl acetate, polyvinyl alcohol, polyamines,
alkyd resins and polyurethane resins. The binders may be
used in the form of homopolymers or copolymers or block
polymers either individually or in the form of mixtures.
In a particularly preferred embodiment, polyvinyl pyr-

rolidone'homopolymers or copolymers, polymethacrylic acid.

homopolymers or copolymers and resins based on cellulose
ethers are used for purely aqueous preparations or for
preparations of high water content.

Preparations with an agueous/organic binder system
contain one or more water-soluble organic solvents, more
particularly water-soluble alcohols, ethers and esters,
as the organic solvent. Glycols containing 2 to 4 carbon
atoms and oligo- and poly-(C,.,)glycols or mono(C,.,)alkyl
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conpounds are not gold(l) thiolates, but Au conpounds with a val ency of the
gold of lower than +1. Figure 1 shows the voltammogram of the gold conpound

of Exarnple 3 according to the invention whple Fig. 2 for conpay 393 HKOWS
t he, vol t ammobgram of the starting conpound of Exanple 1 (it is inportant to
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of the conpoungoggggiglﬂ ing the organosulfur gold compounds according
to the invention to produce substantially aqueous prepa-
rations (organic solvent content less than 1% by weight)
by dissolving the gold compound according to the inven-
10 tion in water, if necessary after addition of .an amine,
and combining the resulting solution in known manner with
an aqueous solution or emulsion containing water-soluble
organic binders and other auxiliaries. To obtain par-
ticularly high—gloss' gold decorations, the agqueous
15 preparations in question best additionally contain an
effective quantity, generally 0.01 to 2.0% by weight, of
an anionic, cationic, zwitterionic or nonionic surfac-
tant. Extremely effective surfactants are polyether-
modified dimethyl polysiloxanes and alkyl benzene sul-

20  fonates.

Other auxiliaries in the preparations according to
the invention may be typical substahces for varying the
rheological properties of the preparation, surfactants,
adhe51on—strengthen1ng auxiliaries and drying accelera-

25 tors where a UV-curable resin is used. In some cases,
the add1t10na1 use of an aqueous polysulfide solution has
proved useful.

Aqueous and aqueous/organic bright gold preparations
containing at least one organosulfur gold . compound

30 according to the invention contain this organosulfur gold
compound in a quantity of 2 to 25% by weight and prefer-
ably 5 to 15% by weight, expressed as gold. The percen-
tage binder content of the preparations is generally
between 5 and 45% by weight, the ratio by weight of resin

35 to noble metal preferably being between 0.5:1 and
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5 invention lies between the values for netallic gold (84.0 eV) and the
gold (1) thiolate used as starting material (Exanple 1) (84.46 eV). The

smal |, "but significant signal shift of thg,Audf[err] peak towgpdg,bi g?.er
blndlng energi es conpared with netallic go}d is regarded as an indication

of the presence d cluster wi th g val ency of the gold of |ower than
+1 and hi gher 1 g“%ﬁa GFth d-SCGﬁt"@Hfta]édebFﬁé’eﬁngﬁanBﬁ’ﬁ 80%atio

of Au to nayb;bewemghtdeahdaSpfeféhsblyncble(twéeﬁn%@f ah@li 903They svatighig

conpounds al S%ﬁﬁ’iié %@aosﬂ'gﬂié/ dIRAAADESHRAUNGS 1 AGCUA B9.4Lg 4L g by
invention in therr

weight, based on the preparatlon. The quantity of flux

5 used is typically between 0.01 and 2% by weight, based on

the preparation. So-called burnished preparations

additionally contain gold powder and/or fine-particle

inorganic insoluble gold éompounds. Depending on the

required effect, burnished gold preparations may addi-

10 tionally contain glass frits and/or organosilicon com-
pounds.

The preparations containing at least one organo-
sulfur gold compound may be directly applied to the
surface to be decorated by conventional decoration

15 processes, such as spraying, brushing and Xnown printing
processes, more particularly screen printing processes,
and - after evaporation of the solvent constituents - the
decoration may be fired at a temperature of generally 400
to 900°C. _

20 A decoration technique widely used in the ceramic
industry is based on the use of transfers. Accordingly,
the organosulfur gold compounds according to the inven-
tion méy also be used in the decorative layer of trans-
fers. The transfer is produced in known manner: a

25 decorative layer substantially corresponding in its

 composition to that used in the preparations described
above is applied to a water-soluble separation layer
disposed on a substrate or to a thermo-separation_layer.
After evaporation of the solvent, i.e. essentially water -

30 in the case of the preferred preparations, and - if
necessary - crosslinking of the binder, the decorative
layer is normally covered with a film. _

The invention provides a totally new class of
organosulfur gold compounds which may be used not only in

35 conventional organic or organic/aqueous preparations for
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Fig. 3 showing the IR spectrumof the product of Exanple 3 and Fig. 4 the
| R spectrum of the starting product (Exanple 1). The gol d conpounds
according to the invention nmay be producegyby a process conprigi Ag 2t kg
fol|l owi ng steps: (i) di ssol ving a nonogol d(1) di nercapt ocarboxylic acid

conpound corresponding to neyal faormula (A)..[err] in, which Ls,an
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of a base, preptepprgtiAangsi nét is possible to . produce high-gloss,
5 firmly adhering gold decorations. Aqueous preparations
such as these overcome the disadvantages inevitably
attending the use of preparations containing organic
solvents.

10 Example 1
Preparation of monogold(I) dimercaptosuccinic acid
(Au(I)-dmsa) (starting compound for the production of
gold compounds according to the invention)

0.035 mole = 18.49 g of HAuCl, (37.29% Au) is added

15 dropwise with stirring to a suspension of 0.07 mole of
methionine in 70 ml of H,0. The temperature is kept at 0
to 5°C by external cooling. On completion.of the reac-
tion, the gold(I) complex is added dropwise over a period
of 1 hour to a suspension of 0.035 mole = 6.38 g of meso-

20 2,3-dimercaptosuccinic acid in 150 ml of dichloromethane.
The precipitate is filtered under suction, washed repeat-
edly with water and dried in vacuo over blue gel in an
exsiccator. The yield of monogold dimercaptosuccinic
acid is 96.5%, based on the gold used.

25
Analysis: Au c H S
Calculated: 52.09% 12.70% 1.33% 16.96%
Found: 50.81% 12.05% 1.52% 15.62%.

¥Cc-NMR in D,0 + trimethylamine §/ppm 52.58 (CH), 60.95
30 (CH), 180.64 (CO,”) and 182.51 (CO,’)

Figure 2 shows the voltammogram of Au-dmsa (in 0.05

N KOH) from polarographic determination at an Hg dropping
electrode against Ag/AgCl as the reference electrode.

35 The abscissa extends from -100 mV to -1800 mV while the
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(i1) adding a mneral acid to the solution of stage (i) to a pH value of 2
or lower and (iii) isolating the product precipitated in stage (ii). 6
The group Y is preferably a carboxyl groups Accord- ingly, pagiigpbagky
preferred nmonogol d(1) di mercaptocar- boxylic acid starting naterials

ronogor a( 1) - SRHHEY Snped b8, BRI Gin MnTREERET M2, 5 s Sy
di mer capt oadi mhme&:mhat I\Aihogo‘sd(:eﬁueed todAuE:rathp-t—'bOQ BV. di car boxylic acid

and monogol d (1) - Zsqlul E" SARMACKHPNAY- sBBEtul S HARYIE( AP did ©

mentioned as exanple
mercaptosucc1n1c acid (in a KBr tablet).

5 From the XPS-ESCA X-ray photoelectron spectrun
(instrument: Leybold MAX 100) of Au(I)-dmsa, the maximum
of the Audf,,, peak is 84.46 eV. |

Example 2

10 6 g of Au(I)-dmsa from Example 1 are dissolved in 20
ml of water and approx. 3 g of triethylamine at 60°C.
The solution is then adjusted to pH 2 with conc. HCl.
The precipitate formed is filtered off under suction and
washed with water. The filter residue is dried.

15
Yield: 2.6 g of black substance
Analysis: Au 68.34%
©Cc 9.07%
H 1.42%
20 S 10.74%
N 0.55%
Atomic ratio Au:s = 1.04:1
25 For comparison, Au(I)-dmsa contains 52.09% Au and

has an Au:S atomic ratio of 0.5.

"Example 3
2.1 gof .... from Example 2 are dissolved in 15 ml
30 of water and triethylamine at 60°C. The solution is then
' adjusted to pH 2 with conc. HCl. The precipitate formed
is filtered off under suction and washed with water. The
filter residue is dried.

35 Yield: 0.88 g of black substance
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the cyclic starting.conmpounds corresponding to fornmula (A). The
- monogol d(1) dithiolates corresponding to formula (A) used as starting
conpounds are prepared in basically the ;ﬁ¥e way .as known to £xppsd sxprom:
t he. producti on of known noble nmetal thiolates: a gold(l) conplex '
.corresponding to the formula AuCl (RSR) is formed fromtetrachl oroauric
acid after addAnak¥sd®:twi ce Ae72¢®P¥%al ent quantity of a thioether
corresponding to the fornula &R 4 gsgording to EP-B 0 491 147, a
particularly suitable thioether for_this reaction is nethionine. The
conpl ex mentioned is then realtedlwt®® a substantially equival ent nol ar
quantity of the dithiol (dinescapboogenpound) on which conpound (A) is
based in the presence of a so&ven%, %%sulting in the formation of the
nonogol d npound correspondihg t “PoPmul a (A). The production of
Atomic ratio Au:S = 1.20:1

Figure 1 shows the voltammogram of the product
obtained in Example 3 (in 0.05 N NaOH) from polarographic

10 determination at an Hg dropping electrode against Ag/AgCl
as the reference electrode. Abscissa from -100 mV to -
1800 mV; ordinate in nA (nano-a). The curve shows that,
apart from minimal impurities between -400 and -800 nV,
no reduction occurs up to -1800 mV.

15 . Figure 3 shows the IR spectrum of the product of
Example 3 which is completely different from that of the
starting product (Fig. 4).

From the XPS-ESCA X-ray photoelectron spectrum
(instrument: Leybold MAX 100), the maximum of the Au4f,;,

20 peak is 84.2 eV (for comparison: Aﬁ(I)-dmsa 84.46 eV, Au .
metal 84.0 eV). Quantitative evaluation of the XPS
spectrum, which only covers the uppermost atomic layers
of the material, produces the follbwing analysis:.

o 12.79 atom-%

25 C 49.68 "

S 13.82 "
Au 23.72 "
Example 4
30 50 g of Au(I)-dmsa are dissolved in 400 ml of water

and a corresponding quantity of triethylamine at room
temperature so that a pH value above 10 is established in
the solution. The solution is then adjusted to pH 2 with
conc. HCl. The precipitate formed is filtered and
35 dissolved in water and triethylamine at room temperature,
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t he dithiol conmpound on which conpound (A) is based com prises standard
pr.ocess steps: for exanple, dinercapto- al kane dicarboxylic acids can be
obt ai ned by reacting the correspondi ng a&%ine di carboxylic aghdizyi%%
t hi oacetic acid; another possible method™df obtaining aliphafic™and Cyclic
di mer capt o conpounds on whi ch the gold conpounds of formula (A) are based
is to react tfePHor¥e$RnefndAdikringjepstabbbahed( Y- Ghtal $eTUELOTOMAS with
an al kali netghefUhtidg £itdy tbiv‘_%?-) Sypitpsedié . exéipl erpedpaciydiatiede or
I

an amne, may,be_used in step of the process according to the
i nventi on. Pré?ef%igeﬁﬁaegngr@&&ﬁpnes, including . -

5 Yield: 21.42 g of black substance

Analysis: Au 70.40%
"C  8.25%
H 1.30%
S 10.58%
10 N - 0.74%
Atomic ratio Au:sS = 1.08:1
Example 5
i5 7 g of the compound of Example 4 are dissolved in 25
ml of water and a corresponding quantity of triethylamine
at room temperature. The solution was then acidified to
pPH 1-2 with conc. HCl. The precipitate is filtered and
dried. ' '
20 _ :
Yield: 6.15 g black substance
Analysis: Au 77.28%
C 6.25%
H 0.95%
25 S 10.25%
N 0.69%

Atomic ratio 2u:s = 1.23:1

30 Example 6
10 g of Au(I)-dmsa (26 mmoles) are dissolved in 200
ml of water and 8 g of triethylamine (79 mmoles) at room
temperature. 6.6 ml of conc. HCl (approx. 79 mmoles) are
then added to the resulting solution. The precipitate
35 formed is filtered and dried. |
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7 primary, secondary and tertiary amnes with aliphatic, cycloaliphatic
and/or aromatic radicals and also N heterocyclic bases, such as in
particular pyridine. Tertiary amnes with identical or di fferent | over
(Clerr]) alkyl radicals are preferred, tri®%thylanine, tri-n- 9% dRA 3 ne
and triisopropylam ne being particularly preferred. In step (i), the gold
conpound i s ‘i ntireld@ecerl 8 Nt dﬁt]ﬁafomds@me preferably an amne, is added

in such a quantity. that the und di ssolves. |If a water-soluble
salt of the n&fﬁb’é’l ‘) di rreglg pch boxylic acid conmpound correspondi ng
to general formula (A) is dlrectly'Qs%d in step (i), there is no need to

add a base or the quantity oﬁibagf éﬁged may optionally be reduced. Using
3 .

t he nmonogol d conpound correspondihg
S 12.57%

N 0.50%
Atomic ratio Au:S = 0.78:1

10 Example 7
5 g of the product of Example 6 (contains 15 mmoles
of Au) are dissolved in 100 ml of water and 4.5 g of
triethylamine (45 mmoles) at 60°C. 3.8 ml of conc. HCl
(approx. 45 mmoles) are then added to the resulting
15 solution. The precipitate formed is filtered and dried.

Yield: 3.43 g of black substance
Analysis: Au 74.28%

20 The beginning of the thermodynamic decomposition of
the black substance occurs at 173°C and is thus well be-~

low the beginning of decomposition of Au(I)dmbs (194°C).

Example 8: Bright gold preparation

25 The following constituents were mixed:
Parts

Polyvinyl pyrrolidone
(PVP K25, a product of Fluka) 5.2

30 Gold of Example 4 13.4
Propane-1,2-~-diol 6.1
Water . 41.9
Ethyl lactate 25.1

~ n=Butanol - 0.9

35 Rhodium complex 0.12
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general fornmula (A), a pH value of at least 8 and prefer- ably a pH val ue

of. 9 to 14 is best adjusted by addition of the base. The nonogol d

conpound corresponding to general formula (A) is preferably used in such a

quantity that a gold content of 2 to 20%Y¥y weight is obtai n84 422 &
solution. A mneral acid, preferably hydrochloric acid, is added in step
(i) until a dhroditem Hulrafe | oOwer is reached. Agrgwn to bl ack product

precipitates duri after adetl n of the mneral, acid and is renoved
fromthe sol u%"ﬂ?'%’lmk aﬁ:

‘step (iii) al ﬂmacé,tmﬁamﬂnethe properties of the organosul fur gold
conpounds accggﬁ ]{]gq: ﬁm I on. A furth ncrease in the gold
content and re ctlon i*n t*he gﬁl 9 cont ent -can bg{ i
5 *) 15% by weight aqueous solution; same also applies to
Examples 9 and 10.

The preparation is applied by screen printing to

porcelain and heated for 10 minutes at '820°C, the heat-

10 ing-up time being 1 h. A glossy, firmly adhering film is
obtained.

Example 9: Bright gold product
The following constituents were m:.xed.

15
Parts
PVP K25 ) | 8.3
_ Gold of Example 5 12.6
Propane-1,2-diol 8.3
20 Water : 43.4
Ethyl lactate 16.6
Rhodium complex 0.15
Chromium sulfate 0.04
Ammonium bismuth citrate ' - 0.49
25 Triethylamine _ 5.5
Ammonium polysulfide*) 2.0
Silver mercaptopropionyl glycine 2.6
*) 15% by weight aqueous solution; the same also
30 applies to Examples 9 and 10.

The preparation is applied by screen printing to
porcelain and heated for 2 minutes at 880°C, the heating-
up time being 30 minutes. A glossy, firmly adhering'film

35 is obtained.

tep (iii). Thdbroduct isolated in
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obt ai ned by repeating steps (i) to (iii) one or nore tinmnes,

preferably once

or twice, the product isolated in step (iii) of the precedi ng sequence
being used as the starting product for step (i) of the second and foll ow ng

sequences. Steps (i) to (iii) may be carpged out at room tenpgrabker &For at
el evated tenperatures, preferably at 30 8 to 80[err]C. The organosul fur

gol d conpoungﬁﬁgﬁgfbvigLenglﬁhglggigpgkggquﬁgggss dissolve in water in the

presence of
properties charact8h¢sf9é19w1ngecnawtatasgtsfweanpuuued.

gol d conmpounds with the

10

15

20

25

30

35

_ Parts
PVP K25 ' 5.2
Gold of Example 4 ' 13.3
Water 73.3
Rhodium complex 0.12
Chromium sulfate ' 0.33
Ammonium bismuth citrate 0.43
Triethylamine 5.2
Ammonium polysulfide#*) 2.1

*) 15% by weight aqueous solution; the same also
applies to Examples 9 and 10.

The preparation is brushed onto porcelain or applied
by screen printing and heated for 10 minutes at 820°C,
the heating-up time being 1 h. A glossy, firmly adhering
film is obtained.

Example 11
Preparation of a gold compound according to the invention
from monogold(I) dimercaptosuccinic acid (Au(I)-dmsa).

Au(I)-dmsa with an Au content of 52.09% is dissolved
in water with addition of tetraethyl ammonium hydroxide.
After addition of conc. HCl, a gold compound containing
62.89% precipitates (11/1). By corresponding dissolution
of the product 11/1 and precipitation, the Au content is
increased to 68.63% (11/2) and, by dissolution of 11/2
and precipitation, to 74.68% (11/3). The gold-to-sulfur
ratio increases from 0.54:1 to 0.89:1 (= 11/1), then to
1.11:1 (= 11/2) and finally to 1.25:1 (= 11/3).

Gold compound 11/3 was tested in the bright gold
preparation of Example 8 instead of the Au compound used
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are directly obtained by evaporation of the water fromthe resulting

sol ution under reduced pressure. It has been found that the organosul fur
gold com pounds according to the invention are eminently suitable for the
production of a gold decoration on firinp9resis- tant substr94e322sKEh as
in particular glass, porcelain and ceramc. To produce a gol d decoration,

t he or gano- &.gol %%H]%HE&E% 180&% alahe
form of preparia‘tgly‘ons églnt ai ni ng t hém m)ré, particu- ] arf?/mlj% t he or m of

so-cal | ed bri §hlmgdedob%aipedai shed gol d preparations, and in the form of
transfers of which the decorative |ayer contains the organosul fur gold
conpounds and organi c_pol yneric binders. The preparations nentioned,

i ncl udi ng so- EEFPB&‘bFtht gol d and burni shed gol d preparations, for
produc- s Au(I)-dmsa is initially dissolved in water with

addition of 2 mmoles of triethylamine per mmole of Au(I)-
dmsa, 3 mmoles of tetramethyl ammonium chloride are then
added. After addition of conc. HCl, a gold compound
according to the invention containing 71.31% Au precipi-
10 tates; the Au:S ratio increases from 0.54 to 1.08:1.

The Au compound was tested as a component of a
bright gold preparation as in Example 11. An attractive,
firmly adhering, high-gloss gold film is cbtained.
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ing a gold decoration on a firing-resistant substrate or for producing the
decorative IayerL, ﬂnm""li ntain at | east one organosul fur gold
conpound accor di y ',f"WHmon, one or nore polyneric organic binders
and* a sol vent systeni wti cl dfssbl ves thez2pol yners and the golod a@epdd or
ot herwi'se guarantees a uniformdistribution. If necessary, the preparations
in question aggditrignal |y contain other noble metal conpounds in- the form of

sinple salts, conplexes, resinates or thiolates of silver, platinum and/or

pal | adi um t o 3dj usAncOrganesNdSust gokd cempeund witthratgald ntenthaf gol d

preparations gddio bbeNBY! Wetghtahna doh Wi 'ra0HH U iqId € Pt
conpounds. I n addi.tio t he preparations eneral ly "contgin_fl.uxes in
the form of cOfpgFeaten (r#haé'kaﬂrpﬁe Qsfhhiard g P!',ecﬁ\iP&E?m&FaéoM'nat i on

conpounds s of reducibility of up to -1.8 volt.
2. = An organosulfur gold compound as claimed in claim 1,
characterized in that it is soluble in water, optionally
after addition of a base. _
3. An organosulfur gold compound as claimed in claim 1
10 or 2, characterized in that it contains 68 to 85% by
weight of gold and has an atomic ratio of gold to sulfur
of greater than 1 to 3:1.
4. A process for the production of organosulfur gold
compounds claimed in any of claims 1 to 3, characterized
15 in that it comprises the following steps:

(i) dissolving a monogold(I) dimercaptocarboxylic acid
compound corresponding to general formula (A):

20 COOH
HS - Q - S Au (3)
Y
25

in which Q is an aliphatic C,, alkane tetrayl
radical or a S5- or 6-membered cycloaliphatic
tetrayl radical optionally containing an oxygen or
imine ring member and Y is hydrogen or COOH and the
30 S atoms are positioned at adjacent carbon atoms, or
a salt of compound (A) in water in the presence of
a base, |
(ii) adding a mineral acid to the solution of stage (i)
to a pH value of 2 or lower and
35 (iii) isolating the product precipitated in stage (ii).

5. A process as claimed in any of claims 4 to 7,
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9 one or nore of the elenments boron, silicon, vanadium chrom um i ndium
ti.n, antinony, bisnmuth or rhodiumand other auxiliaries to obtain the
requi red process proper- ties, for exanple a screen-printable viscosity
and/or a high drying rate of the preparaghon, and to establiglh §pecKkr C
optical and performance properties, such as firm adhesion of the fired

tho | nventi onCRAT RS S34289 AnpEBREr obF TRt it CRTERBIGIR) ALREFERER | o
excl usi vel y otgamiceindicyacid amedussolvedch.nsmaﬂﬂqr dp eadding a’htrexpert
wi Coord'naﬁﬁksyglkylamlne to a pH value of at least 8 and preferab-

ly from 9 to 11. :

5 6. A process as claimed in claim 4 or 5, characterized _
in that steps (i) to (iii) are carried out one or more
times, the product isolated in step (iii) of the preced-
ing sequence being used as the starting product for step
(i) of the second and following sequences.

10 7. The use of the organosulfur gold compounds claimed
in any of claims 1 to 3 for the production of a prepara-
tion for producing a gold decoration on firing-resistant
substrates.
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bi nders and sol vents to be used in the preparatlons Wi th one another to
obtai n a honpgeneous conposition, prefer-: abl%¥.a sol ution. Agueous/organic
or exclusively aqueous preparations contai ning an organosul fur gold
conmpound according to the invention contaen polyneric binder aniizeh g e
soluble in water or which forma clear dispersion therein. Useful binders
are polyacryltic acid, polynethacrylic acid, ponV|nyI pyrrolidone,

cellul ose ethers, nore particular- ly carboxyalkyl “and hydr oxyal kyl

cel l ul ose, poP¥: Uy gedid conppunds, acpracesspSoyy their produc-

pol yam nes, alkps a8d Rheddd yay YUr et hane resins. The binders may be used
In the form of honopol ynmers or copol yners or bl ock polyners either
individually or in the formof mxtures. In a particularly preferred

enbodi nents, pabgtrast pyr-

' Various organosulfur gold compounds and their use
for the production of gold decorations are known.
The invention relates to new organosulfur gold
10 compounds, to a process for their production and to their
use for the production of preparations for producing a
gold decoration on firing-resistant substrates.
The gold compounds according to the invention are
obtainable from monogold(I) dimercaptosuccinic acid and
15 compounds of similar structure by dissolution thereof in
water in the presence of a base and precipitation by
acidification and, if desired, repetition of the dissol-
ving and precipitating steps. The gold compounds accord-
ing to the invention are characterized by a gold content
20 of 60 to 90% by weight, an atomic ratio of greater than
0.7 to 4:1 and by electrochemical non-reducibility up to
-1.8 volts. Preferred gold compounds are soluble in
water and are suitable as a constituent of organic/aque-
ous and exclusively aqueous bright and burnished gold
25 preparations for the decoration of glass, porcelain and
ceranmic.
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4ol i done honopol yners or copol yners, polynethacryllc aci d ‘honopol ynmers or
copol yners and resins based on cel l'ul ose ethers are used for purely aqueous
preparatlons or for preparations of high water content. Preparations with
an :dqueous/ or gani ¢ banpr system contain one or nore water-soluble organic
sol vents, nore partlcngti y wat er-sol ubl e al cohols, ethers and esters, as

t he organi c sol vent. (SA/ s containing 2 to 4 carbon .atonms and ollgo- and
poly-(Cerr])glycols @%Mono(C[err])al kyl

10 ethers of the gtycols or
ol i gogl ycol s ment i one@ afle particularly preferred, as are hydroxycarboxylic
aci ds or g% . _ .
®
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U#mmar aIkyI esters thereof, such as in particular (Jerr] alkyl lactate. As
already di scussed, it is surprisingly also possible using the organosul fur
gol d compounds according to the invention to produce substantially aqueous
prepa- rations (organic solvent content |less than 1% by weight) by

di ssol ving the gold conpound according to the inven- tion in water,  if
necessary after addition of an amne, and conbining the resul ting solutlon
i n khown manner with an aqueous sol ution or enul sion containing
mate{-soluble organlc hi nger,s and other ayxiliaries, To obtain par-
ticularly high-g s gold decoratlons the aqueous preparations 1n qgestion
best!additional | ¥ contain an effective quantity, generally 0.01 to 2.10% by
wei ghit, of an anTgnic, cationic, zwitterionic or nonionic surfa B
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tant. Extrenmely effective surfactants are pol yether- nmodified dlnethyl

ponS|onanes and al kyl benzene sul - fonates. QOiheg ; wF 8 ] -
preparatlons according to the invention may be tyﬁfsaj
varying the rheol ogi cal properties of the preparaV'on '
adhesi on-strengtheni ng auxiliaries and drying accélieras. t-or:
WV-curable resin is used. In sonme cases, 1t he addifti:onal: U U
pol ysul fi de sol ution has proved useful. Aqueous. and aqueous/orgahlc brwgh~m
gold preparations containing at |east one organosul fur gold conpound !
according to the invention contain this organosulfur ‘gol d: conpouadﬂlﬁ” f

quantity of 2 to 25% and refer- abl to_15% h
expressed as %Bgﬂno§“§¥ﬂgrggﬂa comp unds, a ercess for %RZL o&hc-
tion and their use

Description

This invention relates to new organosulfur gold
compounds and to a process for their production. The
invention also relates to the use of the new compounds
for the production of preparations for producing a gold
decoration on firing-resistant substrates.

Gold preparations, including so-called brlght gold
preparations and burnished gold preparations, have long
been used for the production of gold decorations, includ-
ing conductors of integrated circuits, on firing-resis-
tant substrates, such as in particular, glass, porcelain
and ceramic. Preparations of the type in question gen-

. erally contain one or more organosulfur gold compounds,
one or more organic polymeric binders and a solvent
system. The preparations additionally contain other
soluble and/or insocluble noble metal compounds and/or
gold and one or more fluxes for establishing required
optical and performance properties of the decoration to
be produced and also other auxiliaries for establishing
the processing properties of the preparations. The noble
metal preparations are applied to the surface to be
coated by conventional direct and indirect printing
proéesses, spraying or brushing or by the transfer tech-
nique. Evapozjation of ‘the solvent is follow_ed by a
firing step at a temperature adapted both to the sub-
strate and to the gold preparation. The maximum firing
temperature is mostly between 400 and 900°C, although
even higher temperatures may be applied in special cases.
A noble metal film is formed and fixed on the surface of
the substrate by the firing operation.

For some time, the organosulfur gold compounds used
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tage binder content of the preparations is generally between 5 and 45% by
wei ght, the ratio by weight of resin to noble netal preferably being
between 0.5:1 and 1.5:1. The water content is generally bétween 10 and
90% by wei ght and preferably between 30 and 70% by wei ght while the organic
sol vent content is between 0 and 40% by wei ght, based on the preparation.
The quantity of flux used is typically between 0.01 and 2% by wei ght, based
on the preparation. So-cal l ed burnished preparations additionally

gg%ghgdgél | ngenalﬁwggf %eﬂ%eﬂﬁélﬁz’? Z’Ffﬁggﬁ{;gurmegﬁ(elcfﬁ@fd pre aratlons

may addi - almost exc1u51ve1y so-called gold sulfore51nates obtained
from a gold(III) salt and a sulfurized, more particularly
naturally occurring terpene. In these gold sulforesin-
ates and also in synthetic gold thiolates corresponding
to the general formula Au-S-~R, where R is an alkyl,
cycloalkyl, aryl or aralkyl group or a bicyclic hydrocar-
bon radical, the gold is present in its monovalent form.
When used in gold preparations, the gold compounds
mentioned above require the use of an exclusively organic
solvent system.

For industrial hygiene, safety and ecological
reasons, there is a growing interest in noble metal pre-
paratiéns for decorating firing-resistant substrates in
which the organic solvent of the solvent system is at
least partly replaced by water. Thus, DE-0S 32 17 049
describes a coating composition for applying an ovérgiaze
decoration to porcelain which contains 15 to 40% by
weight of polyvinyl pyrrolidone or a mixture of polyvinyl
pyrrolidone and aquééus pblyethylene oxide, 45 to 85% by
weight of ethylene glycol and/or propylene glycol and
optionally water. The document in question mentions
oxides, gold and organic gold compounds as coloring
constituents but does not disclose a single structure of
the gold compounds.

EP-A 0 514 073 describes homogeneous compositions,
preferably solutions, which form a glossy metallic noble
metal film on firing. The compositions contain 3 to 22%
by weight of a noble metal thiolate, a polymeric resin
and, as solvent system, a mixture of water and an organic
solvent (co-solvent) which is preferably a water-miscible
alcohol, ether or ester. Both the noble metal thiolate
and the binder are said to be soluble in the water/co-
solvent mixture. The gold(I) thiolates preferably used
are those corresponding to the general formula Au-S-R-H

This is the repiacement sheet

. Date: 1 8 OCT 19%



tionally contain glass frits and/or organosilicon com pounds. The
preparations-containing at |east one organo- sulfur gold conpound may be
directly applied to the surface to be decorated by conventional
decoration processes, such as spraying, brushing and known printing
processes, nore particularly screen printing processes, and - after
evaporation of the solvent eonstituents - tihe decoration may be fired at a
tenperature of generally 400 to 900[err]C. A decoration techni.que w dely

used in the cerapi g.i adpsiry 'grgpgpqﬁpqatgftyﬁegggu%rggsL@b@H'AQ@Qgghngly,
t he organosul fur goFd conpbunds “according to the’inven- tion may al So be
used in the decoPRii vi€OMier OfH4 rafis-~GF ) (OHhe t¥heshydrogas oakews in

known manner: agptionally being substituted, or salts thereof and R is
a divalent organic radical. It is clearly apparent from
the many Examples and Comparison Examples in the cited
document that only very special gold(I) thiolates in
corresponding gold preparations containing water and co-
solvent lead to decorations which combine high gloss with
firm adhesion to the decorated substrate. By contrast,
only dull and/or poorly adhering decorations are obtained
with other gold(I) thiolates corresponding to the above
formulae.

Accordingly, the problem addressed by the present
invention was to provide a new group of sulfur-containing
gold compounds which would be suitable for use in water-
containing preparations for producing gold decorations,
more particularly high-gloss gold decorations.

It has been found that, after dissolution in water
in the presence of a base, preferably an amine, and
subsequent acidification, monogold(I) dimercaptosuccinic
acid and organosulfur gold compounds of similar structure
are not precipitated in the form of the original com-
pound, but surprisingly in the form of completely new
organosulfur gold compounds. The new organosulfur gold
compounds obtainable as outlined above are soluble in
‘'water in the presence of a base. Water-soluble organo-
sulfur gold compounds according to the invention can be
directly obtained from the resulting solutions.

The organosulfur gold compounds according to the
invention are characterized by a gold content of 60 to
90% by weight and an atomic ratio of gold to sulfur of
greater than 0.7 to 4:1. The organosulfur gold compounds
according to the invention are obtainable by the process
described -hereinafter. The gold compounds preferably
have a gold content of 68 to 85% by weight and more
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decorative |layer substantially corresponding in its conposition to that
used in the preparations described above is applied to a water-sol uble
separation |l ayer disposed on a substrate or to a therno-separation |ayer.
After evaporation of the solvent, i.e. essentially water - in the case of the
preferred preparations, and - if necessary - crosslinking of the binder,
the decorative layer is norwally covered wkth a film The invention
provides a totally new class of organosul fur gold conmpounds which nay be
used not only partdevdrrilyndl3 ccg®eis by weightcAndueoustpmdgaratiion®f or

12 gold to sulfur of greater than 1 to 3:1 and more particu-
larly 1.2 to 2:1 and are readily soluble in water,
optionally after the addition of a base.

The new organosulfur gold compounds have properties
which distinguish them fundamentally from the starting
compounds used for their production. Thus, the new com-
pounds cannot be electrochemically reduced up to -1.8
volts. This is surprising because gold(I) thiolates,
such as the gold(I) mercaptopropionyl glycine and gold(I)
mercaptosﬁccinic acid mentioned in EP-A 0 514 073, show
a halfwave reduction potential of -550 mV against sil-
ver/silver chloride, as polarographically determined in
0.05-molar sodium hydroxide. The monogold(I) dimercapto-
succinic acid particularly suitable for the production of
the new gold compounds is also easy to reduce electro-
chemically - halfwave potential in 0.5-molar sodium
hydroxide -700 mV against Ag/AgCl. The electrochemical
non-reducibility of the new gold compounds by comparison
with gold(I) thiolates is an indication that the new
compounds are not gold(I) thiolates, but Au compounds
with a valency of the gold of lower than +1. Figure 1
shows the voltammogram of the gold compound of Example 3
according to the invention while Fig. 2 for comparison
shows the voltammogram of the starting compound of
Example 1 (it is important to note that the ordinate in
Fig. 1 shows nA while the ordinate in Fig. 2 shows pua).
The maximum of the Au4f,,, peak of monogold(I) dimercapto-
succinic acid and of the organosulfur gold compound
according to the invention produced therefrom (Example 3)
was determined in comparison with elemental.gold by X-ray
photoelectron spectroscopy/XPS/ESCA (high spectrometer
resolution) using a sputtered high-purity gold sample as
the calibration standard. At 84.2 eV, the maximum of the
above-mentioned peak of the compound according to the
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produci ng gol d decorations on firing-resistant substra- tes, but also in
substantially aqueous preparations. Using the new organosul fur gold
conpounds i n aqueous preparations, it is possible to produce high-gloss,
firmy adhering gold decorations. Agueous preparations such as these
overcone the di sadvantages inevitably attending the use of preparations
cont ai ni ng organi c sol vents.. Exanple 1 Pr®paration of nonogold(l)

di mercaptosuccinic acid (Au(l)-dnmsa) (starting conpound for the production

of gold corrpoggg,%&)%}g? digg Lea&gsn'wéﬂﬁéﬂf% s EdB5<EA 5T 8149 (8400

HAuC [err] adde ropw se wt stlrrlng to,a’susp en5|on of
#

0.07 nol e of B¥YhPHR m?q|9°ﬁﬁrﬂ1kﬁth{Q%¢?%)uﬁ%@ eenpERrELLPE F§tﬁ€&ﬁ at 0
(Example 1) (84.46 eV). The small, but significant

signal shift of the Au4f,,, peak towards higher binding
energies compared with metallic gold -is regardéd as an
indication of the presence of a gold cluster with a
valency of the gold of lower than +1 and higher than 0.
The very high gold content and the high atomic ratio of
Au to S hay be regarded as further indications of this.
The starting compounds also differ basically from the
compounds according to the invention in their IR spectra,
Fig. 3 showing the IR spectrum of the product of Example
3 and Fig. 4 the IR spectrum of the starting product
(Example 1).

The gold compounds according to the invention may be
produced by a process comprising the following steps:

(i) dissolving a monogold(I) dimercaptocarboxylic acid
compound corresponding to general formula (A):

COOH

HS - 0
|
Y

-~ S Au | (A)

in which Q is an aliphatic ¢C,., alkane tetrayl
radical or a 5- or 6é-membered cycloaliphatic
tetrayl radical optionally containing an oxygen or
imine ring member and Y is hydrogen or COOH and the
S atoms are positioned'at adjacent carbon atoms, or
a salt of compound (A) in water in the presence of
a base, preferably an amine,

(ii) adding a mineral acid to the solution of stage (i)
to a pH value of 2 or lower and

(iii) isolating the product precipitated in stage (ii).

This is the replacemem sheet

Date: 18 0CT 1996



to 5[err]C by external cooling. on conpletion of the reac- tion, the

gQl d(l) conplex is added dropw se over a period of 1 hour to a suspension
of 0.035 nmole = 6.38 g of nmeso- 2, 3-di nercaptosuccinic acid in 150 m of
di chl oronet hane. The precipitate is filtered under suction, washed repeat-

edly wwth water and dried in vacuo over blue gel in an exsiccator. The
yi el d of nonogol d di nercaptosuccinic acid és 96. 5% based on the gold used.
Anal ysi s: Au C H S Cal cul at ed: 52. 09%

12. 70% 1.33% 16. 96% Found: 50. 81% 12.05%  1.52%

15. 62% [err] C- NVR i Eheporeupr ¥ nis [Brefsrably fRab sy gPurs0. 45cpedy,
180. 64 (Cq err ]ﬁ‘g%g% 82t 2&ul LN 9 pherEirgdiemdnsgend (Iheainkagpeocam-of

Au-dmsa (in 0. 08 N i L h GOt R 3ng9naRaL S 98! 80T 22110035 40 Ha, AL3gP! N
(A) are monogold(I) dimercaptosuccinic acid, monogold(I) -~
2,3~dimercaptoglutaric acid and monogold(I)-2,3- or -3,4~
dimercaptoadipic acid. Monogold(I)-3,4-dimercapto-2,5-
dicarboxylic acid and monogold(I)~2,3~dimercaptocyclohex-
ane-l,4-dicarboxylic acid are mentioned as examples of
the cyclic starting compounds corresponding to formula
(7). The monogold(I) dithiolates corresponding to
formula (&) used as starting compounds are prepared in
basically the same way as known to experts from the
production of known noble metal thiolates: a gold(I)
complex corresponding to the formula AuCl (RSR') is formed
from tetrachloroauric acid after addition of twice the
equivalent quantity of a thioether corresponding to the
formula RSR'; according to EP-B 0 491 147, a particularly
suitable thioether for this reaction is methionine. The
complex mentioned is then reacted with a substantially
equivalent molar gquantity of the dithiol (dimercapto
compound) on which compound (A) is based in the presence
of a solvent, resulting in the formation of the monogold
compound corresponding to formula (A). The production of
the dithiol compound on which compound (A) is based com-
prises standard process steps: for example, dimercapto-
alkane dicarboxylic acids can be obtained by reacting the
corresponding alkine dicarboxylic acids with thioacetic
acid; another possible method of obtaining aliphatic and
cyclic dimercapto compounds on which the gold compounds
of formula (A) are based is to react the corresponding
dihalogen compound (Y-Q(Hal),-COOH) with an alkali metal
sulfide.

Any base, such as for example sodium hydroxide or an
amine, may be used in step (i) of the process according
to the invention. Preferred bases are amines, including
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el ectrode agai nst Ag/ AgQl as the reference el ectrode. The absci ssa extends
from-100 nV to -1800 nV while the 13 ordinate shows the current in
[err]A (micro A). The curve shows that Au[err] is reduced to Au[err] at
-700 nV. Figure 4 shows the IR spectrum of nonogol d(l) di- mercaptosuccinic
acid (in a KBr tablet). Fromthe XPS-ESCA X-ray photoel ectron spectrum
(instrunent: Leybold MAX 100) of Au(l)-dn®a, the maxi mum of the Audf[err]
peak is 84.46 eV. Exanple 2 6 g of Au(l)-dnsa from Exanple 1 are dissol ved

in 20 primary, secondary and tertiary amines with aliphatic,
cycloaliphatic and/or aromatic radicals and also N-
heterocyclic bases, such as in particuiar pyridine.
Tertiary amines with identical or different lower (C;.,)
alkyl radicals are preferred, triethylamine, tri-n-
propylamine and triisopropylamine being particularly
preferred. In step (i), the gold compound is introduced
into water and a base, preferably an amine, is added in
such a quantity that the gold compound dissolves. If a
water-soluble salt of the monégold(I) dimercaptocar-
boxylic acid compound corresponding to general formula
(A) is directly used in step (i), there is no need to add
a base or the quantity of base added may optionally be
reduced. Using the monogold compound corresponding to
general formula (A), a pH value of at least 8 and prefer-
ably a pH value of 9 to 14 is best adjusted by addition
of the base. The monogold compound corresponding to
general formula (A) is preferably used in such a quantity
that a gold content of 2 to 20% by weight is obtained in
the solution. '

A mineral acid, preferably hydrochloric acid, is
added in step (ii) until a pH value of 2 or lower is
reached. A brown to black product precipitates during or
after addition of the mineral acid and is removed from
the solution in known manner in step (iii).

The product isolated in step (iii) already has all
the properties of the organosulfur gold compounds accord-
ing to the invention. A further increase in the gold
content and reduction in the sulfur content can be
obtained by repeating steps (i) to (iii) one or more
times, preferably once or twice, the product isolated in
step (iii) of the preceding sequence being used as the
starting product for step (i) of the second and following
sequences. Steps (i) to (iii) may be carried out at room
temperature or at elevated temperatures, preferably at 30
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m of water and approx. 3 g of triethylam ne at 60[err]C. The solution is
then adjusted to pH 2 with conc. HO. The precipitate forned is filtered
of f under suction and washed with water. The filter residue is dried.
Yield: 2.6 g of black substance Anal ysis: Au 68.34% C 9.07%H
1.42% S 10.74% N 0.55% Atomi c ratio Au.S = 1.04:1 For conpari son,
Au(l)-dmsa contains 52.09% Au and has an 8u:S atomic ratio of 0.5. Exanpl e
32.1gof .... fromExanple 2 are dissolved in 15 mi

" to 80°C.

The organosulfur gold compounds obtainable by the
described process dissolve in water in the presence of a
base. Water-soluble organosulfur gold compounds with the
properties characteristic of the new class of compounds
are directly obtained by evaporation of the water from
the resulting solution under reduced préssure.

It has been found that the organosulfur gold com- -
pounds according to the invention are eminently suitable
for the production of a gold decoration on firing-resis-
tant substrates, such as in particular glass, porcelain
and ceramic. To produce a gold decoration, the organo-
sulfur gold compounds are best not used as such, but in
the form of preparations containing them, more particu-
larly in the form of so-called bright gold and burnished
gold preparations, and in the form of transfers of which
the decorative layer contains the organosulfur gold
compounds and organic polymeric binders.

The preparations mentioned, including so-called

~ bright gold and burnished gold preparations, for produc-
ing a gold decoration on a firing-resistant substrate or
for producing the decorative layer of a transfer contain
at least one organosulfur gold compound according to the
invention, one or more polymeric organic binders and a
solvent system which dissolves the polymers and the gold
compound or otherwise guarantees a uniform distribution.
- If necessary, the preparations in question additionally
contain other noble metal compounds in the form of simple
salts, complexes, resinates or thiolates of silver,
platinum and/or palladium to adjust color tones of the
required decoration. Burnished gold preparations addi-
tionally contain gold powder and/or insoluble gold
compounds. In addition, the preparations generally
contain fluxes in the form of compounds, for example
resinates, salts, oxides or coordination compounds, of
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of water and triethylamne at 60[err]C. The solution is then adjusted to pH
2 with conc. HO. The precipitate forned is filtered off under suction and
washed with water. The filter residue is dried. Yield: 0.88 g of black
subst ance 14 Anal ysi s: Au 73.99% C 7.12%H 1.20% S 10.04% N
0.57% Atomc ratio Au:S = 1.20:1 '
- 9
" one or more of the elements boron, silicon, vanadiunm,
chromium, indium, tin, antimony, bismuth or rhedium and
other auxiliaries to obtain the required process proper-
ties, for'example a screen-printable viscosity and/or a
high drying rate of the preparation, and to establish
specific optical and performance properties, such as firm
adhesion of the fired decoration to the substrate.

The organosulfur gold compounds according to the
invention may be used in preparations of which the
solvent system is exclusively organic, organic/aqueous or
exclusively agqueous. The expert will coordinate the
binders and solvents to be used in the preparations with
one another to obtain a homogeneous composition, prefer-
ably a solution.

Aqueous/organic or exclusively agueous preparations
containing an organosulfur gold compound according to the
invention contain polymeric binders which are soluble in
water or which form a clear dispersion therein. Useful
binders are polyacrylic acid, polymethacrylic acid,
polyvinyl pyrrolidone, cellulose ethers, more particular-
ly carboxyalkyl and hydroxyalkyl cellulose, polyalkylene
glycol, polyvinyl acetate, polyvinyl alcohol, polyamines,
alkyd resins and polyurethane resins. The binders may be
used in the form of homopolymers or copolymers or block
polymers either individually or in the form of mixtures.
In a particularly preferred embodiment, polyvinyl pyr-
rolidone homopolymers or copolymers, polymethacrylic acid
homopolymers or copolymers and resins based on cellulose
ethers are used for purely agueous preparations or for
preparations of high water content.

Preparations with an aqueous/organic binder system
contain one or more water-soluble organic solvents, more
particularly water-soluble alcohols, ethers and esters,
as the organic solvent. Glycols containing 2 to 4 carbon
atoms and oligo- and poly-(C,.,)glyccls or mono(C,.,)alkyl
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Figure 1 shows the vol tanmogram of the product obtained in Exanple 3 (in
0.05 N NaOH) from pol arographic determ nation at an Hg dropping el ectrode
agai nst Ag/ Agd as the reference el ectrode. Abscissa from-100 nV to -
nV; ordinate in nA (nano-A). The curve shows that, apart from m ni ma
i mpurities between -400 and -800 nV, no reduction occurs up to -1800 nV.
Figure 3 shows the IR spectrum of the prod@t of Exanple 3 which is

conpletely different fromthat of the starting product (Fig. 4).

1800

Fromt he

XPS- ESCA X-r ay cpiheireel 8¢t e SRAGIHILE ( bRSté1IEHY1yL8YEO0 e M Perddd) arlche

maxi mum of the Au4f, er;k eak is 84.2 eV (for iﬁg&gﬂl;ﬁgk u(l)-dnpa 84. 46
oV, AU metal sPAgtIGRLArly BREfEIERTe B3 ATRNEATING L AT O b ch
only covers thaowegeralisyl aestiets| aymreof, such as in particular C;.;

alkyl lactate.
As already discussed, it is surprisingly also
possible using the organosulfur gold compounds according

- to the invention to produce substantially aqueous prepa-

rations (organic solvent content less than 1% by weight)
by dissolving the gold compound according to the inven-
tion in water, if necessary after addition of an amine,
and combining the resulting solution in known manner with
an agueous solution or emulsion containing water-soluble
organic binders and other auxiliaries. To obtain ‘'par-
ticularly high-gloss' gold decorations, the agueous
preparations in question best additionally contain an
effective quantity, generally 0.01 to 2.0% by weight, of
an anionic, cationic, zwitterionic or nonionic surfac-
tant. Extremely effective surfactants are polyether-
modified dimethyl polysiloxanes and alkyl benzene sul-
fonates.

Other auxiliaries in the preparations according to
the invention may be typical substances for varying the
rheological properties of the preparation, surfactants,
adhesion-strengthening auxiliaries and drying accelera-
tors where a Uv—curable resin is used. In some cases,
the additional use of an aqueous polysulfide solution has
proved useful.

Aqueous and agqueous/organic bright gold preparations
‘containing at least one organosulfur gold compound
according to the invention contain this organosulfur gold
compound in a quantity of 2 to 25% by weight and prefer-
ably 5 to 15% by weight, expressed as gold. The percen-
tage binder content of the preparations is generally
between 5 and 45% by weight, the ratio by weight of resin
to noble metal preferably being between 0.5:1 and
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of the material, produces the follow ng analysis: 0O 12.79 atom % C
49.68 " S 13.82 " Au .23.72 " Exanple 4 50 g of Au(l)-dnsa are
dissolved in 400 mM of water and a correspondi ng quantity of triethylam ne
at roomtenperature so that a pH value above 10 is established'in the
solution. The solution is then adjusted to pH 2 with conc. HJ. The
precipitate forned is filtered and dissaljved in water and tri et hyl am ne
at room tenperature,

1.5:1. The water content is geherally between 10 and 90%
by weight and preferably between 30 and 70% by weight
while the organic solvent content is between 0 and 40% by
weight, based on the preparation. The quantity of flux
‘used is typically between 0.01 and 2% by weight, based on
the preparation. So-called burnished preparations
additionally contain gold powder and/or fine-particle
inorganic insoluble gold compounds. Depending on the
required effect, burnished gold preparations may addi-
tionally contain glass frits and/or organosilicon com-
pounds. |
The preparations containing at least one organo-
sulfur gold cdmpound. may be directly applied to the
surface to be decorated by conventional decoration
processes, such as spraying, brushing and known printing
processes, more particularly screen printing processes,
and - after evaporation of the solvent constituents - the
decoration may be fired at a temperature of generally 400
to 900°C.
~ A decoration technique widely used in the ceramic
industry is based on the use of transfers. Accordingly,
the organosulfur gold compounds according to the inven-
tion may also be used in the decorative layer of trans-~
fers. The transfer is produced in known manner: a
decorative 1layer substantially corresponding in its
composition to that used in the preparations described
above is applied to a water-soluble separation layer
disposed on a substrate or to a thermo-separation layer.
After evaporation of the solvent, i.e. essentially water
in the case of the preferred preparations, and - if
necessary - crosslinking of the binder, the decorative
layer is normally covered with a film.
The invention provides a totally new class of
organosulfur gold compounds which may be used not only in
conventional organic or organic/aqueous preparations for
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a pH value of 10 being established. The solution was then acidified to pH
2 with conc. HO. The precipitate is filtered and dried. Yield: 21.42 g of
bl’ack substance Anal ysi s: Au 70.40% C 8.25%H 1.30%S 10.58% N
0.74% Atomc ratio Au:S = 1.08:1 Exanple 5 7 g of the compound of Exarrple 4
are dissolved in 25 ml of water and a corresponding quantity of
triethylamne at roomtenperature. The sollRion was then acidified to pH
1-2 with conc. HO. The precipitate is filtered and

producing gold decorations on flrlng-—res:.stant substra-
tes, but also in substantially agueous preparations.
Using the new organosulfur gold compounds in agueous
preparations, it is poséible to produce high-~gloss,
firmly adhering gold decorations. Aqueous preparations
such as these overcome the disadvantages inevitably
attending the use of preparations containing organic
solvents.

Example 1

Preparation of monogold(I) dimercaptosuccinic acid
(Au(I)~-dmsa) (starting compound for the production of
gold compounds according to the invention)

0.035 mole = 18.49 g of HAuCl, (37.29% Au) is added
dropwise with stirring to a suspension of 0.07 mole of
methionine in 70 ml of H,0. The temperature is kept at 0
to 5°C by external cooling. On completion of the reac-
tion, the gold(I) complex is added dropwise over a period
of 1 hour to a suspension of 0.035 mole = 6.38 g of meso-
2,3-dimercaptosuccinic acid in 150 ml of dichloromethane.
The precipitate is filtered under suction, washed repeat-
edly with water and dried in vacuo over blue gel in an
exsiccator. The yield of monogold dimercaptosuccinic
acid is 96.5%, based on the gold used.

Analysis: Au c H S
Calculated: 52.09% 12.70% 1.33% 16.96%
Found: 50.81% 12.05% 1.52% 15.62%

3c-NMR in D,0 + trimethylamine §/ppm 52.58 (CH), 60.95
(CH), 180.64 (CO, ) and 182.51 (CO,)

Figure 2 shows the voltammogram of Au-dmsa (in 0.05
N XOH) from polarographic determination at an Hg dropping
electrode against Ag/AgCl as the reference electrode.
The abscissa extends from -100 mV to -1800 mV while the
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.dried. Yield: 6.15 g bl ack substance Anal ysis: Au 77.28% C 6.25% H
0.95% S 10.25% N 0.69% Atonmic ratio Au:S = 1.23:1 Exanple 6 10 g of
Au(l)-dmsa (26 mmol es) are dissolved in 200 m of water and 8 g of
triethylamne (79 mol es) at roomtenperature. 6.6 m of conc. HO (approx.
79 mol es) are then added to the resulting solution. The precipitate
formed is filtéred and dri ed- 13

ordinate shows the current in pA (micro A). The curve
shows that Au™ is reduced to Au’ at -700 mvV.

Figure 4 shows the IR spectrum of monogold(I) di~
mercaptosuccinic acid (in a KBr tablet).

From the XPS~ESCA X-ray photoelectron spectrum
(instrument: Leybold MAX 100} of Au(I)-dmsa, the maximum
of the Au4f,, peak is 84.46 eV.

Example 2

6 g of Au(I)-dmsa from Example 1 are dissolved in 20
ml of water and approx. 3 g of triethylamine at 60°C.
The solution is then adjusted to pH 2 with conc. HCIl.
The precipitate formed is filtered off under suction and
washed with water. The filter residue is dried.

Yield: 2.6 g of black substance

Analysis: Au 68.34%
C 9.07%
H 1.42%
S 10.74%
N 0.55%

Atomic ratio Au:S = 1.04:1

For comparison, Au(I)-dmsa contains 52.09% Au and
has an Au:S atomic ratio of 0.5.

Example 3

2.1 g of .... from Example 2 are dissolved in 15 ml
of water and triethylamine at 60°C. The solution is then
adjusted to pH 2 with conc. HCl. The precipitate formed
is filtered off under suction and washed with water. The
filter residue is dried.

Yield: 0.88 g of black substance

This is the replacement sheet

Date: 18 0CT 8%



16 Yield: 7.83 g of brown substance Anal ysis: Au 60.90% C 11.45% H
1.62% S 12.57% N  0.50% Atomic ratio Au:S = 0.78:1 Exanple 7 5 g of the
product of Exanple 6 (contains 15 mmles of Au) are dissolved in 100 m of
water and 4.5 g of triethylam ne (45 mmoles) at 60[err]C. 3.8 m of -conc. .
HCl (approx. 45 mmoles) are then added %2_the resul ting

Analysis: Au 73.99%
' c 7.12%

H 1.20%

S 10.04%

N 0.57%

Atomic ratio Au:sS = 1.20:1

Figure 1 shows the voltammogram of the product
obtained in Example 3 (in 0.05 N NaOH) from polarographic
determination at an Hg dropping electrode against Ag/AgCl
as the reference electrode. Abscissa from -100 mV to -
1800 mV; ordinate in nA (nano-A). The curve shows that,
apart from minimal impurities between -400 and -800 mV,
no reduction occurs up to -1800 mV.

Figure 3 shows the IR spectrum of the product of
Example 3 which is completely different from that of the
starting product (Fig. 4).

From the XPS-ESCA X-ray photoelectron spectrum
(instrument: Leybold MAX 100}, the maximum of the Au4f,,
peak is 84.2 eV (for comparison: Au(I)-dmsa 84.46 eV, Au
metal 84.0 eV). Quantitative evaluation of the XPS
spectrum, which only covers the uppermost atomic layers
of the material, produces the following analysis:

(o] 12.79 atom-%

Cc 49.68 "
S 13.82 "
Au 23.72 "
Example 4

50 g of Au(I)-dmsa are dissolved in 400 ml of water
and a corresponding quantity of triethylamine at room
temperature so that a pH value above 10 is established in
the solution. The solution is then adjusted to pH 2 with
conc. HCl. The precipitate formed is filtered and
dissolved in water and triethylamine at room temperature,
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solution. The precipitate formed is filtered and dried. Yield: 3.43 g of

bl ack substance Anal ysis: Au 74.28% The begi nning of the thernodynam c
déconposition of the black substance occurs at 173[err]C and is thus well
be- | ow the begi nning of decomposition of Au(l)dnmbs (194[err]C). Exanple 8:
Bright gold preparation The foll ow ng constituents were m xed: Parts

Pol yvi nyl pyrrolidone (PVP K25, a product 16f Fl uka) 5.2 Gold of
Exanpl e 4 13. 4 Propane-1, 2-di ol 6.1
\2/\? ir "a pH value of 10 beir‘x‘c}'gsgggxlish@ﬁt.at SThe solution was

then acidified to pH 2 with conc. HCl. The precipitate
is filtered and dried.

Yield: 21.42 g of black substance

Analysis: Au 70.40%
C 8.25%
H 1.30%
S 10.58%
N 0.74%

Atomic ratio Au:S = 1.08:1

Example 5

7 g of the compound of Example 4 are dissolved in 25
nl of water and a corresponding guantity of triethylamine
at room temperature. The solution was then acidified to
PH 1-2 with conc. HCl. The precipitate is filtered and
dried.

Yield: 6.15 g black substance

Analysis: Au 77.28%
C 6.25%
H 0.95%
S 10.25%
N 0.69%

Atomic ratio Au:S = 1.23:1

Example 6

10 g of Au(I)-dmsa (26 mmoles) are dissoclved in 200
ml of water and 8 g of triethylamine (79 mmoles) at room
temperature. 6.6 ml of conc. HCl (approx. 79 mmoles) are
then added to the resulting solution. The precipitate
formed is filtered and dried.
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n- But anol 0.9 Rhodi um conpl ex

0.12 - 17 Chromum sul fate 0. 33 Ammoni um bi snut h
Citrate 0. 44 Triethylam ne : 4.4 Ammoni um
pol ysul fi de*) 2.1 %) 15% by wei ght aqueous sol ution; sane

al so applies to Exanples 9 and 10. The prep&ration is applied by screen
printing to porcelain and heated for 10 minutes at 820[err]C, the heat-

ing-up time bei gdeial. 7488l @So¥ birowi Luddhtanceg filmis

Analysis: Au 60.90%
' C 11.45%

H 1.62%

S 12.57%

N 0.50%

Atomic ratio Au:S = 0.78:1

Example 7

5 g of the product of Example 6 (contains 15 mmoles
of Au) are dissolved in 100 ml of water and 4.5 g of
triethylamine (45 mmoles) at 60°C. 3.8 ml of conc. HCl
(approx. 45 mmoles) are then added to the resulting
solution. The precipitate formed is filtered and dried.

Yield: 3.43 g of black substance
Analysis: Au 74.28%

_ The beginning of the thermodynamic decomposition of
the black substance occurs at 173°C and is thus well be-
low the beginning of decomposition of Au(I)dmbs (194°C).

Example 8: Bright gold preparation
The following constituents were mixed:

Parts
Polyvinyl pyrrolidone
(PVP K25, a product of Fluka) 5.2
Gold of Example 4 e 13.4
. Propane~-1,2-diol _ 6.1
Water 41.9
Ethyl lactate 25.1
n~Butanol ' 0.9
Rhodium complex : _ 0.12

This is the replacement sheet
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obt ai ned, Exanple 9: Bright gold product The follow ng constituents were

m xed: Parts PVP K25 8.3 ol d of Exanple 5
12. 6 Propane-1, 2-diol 8.3 Water
43.4 Ethyl lactate 16. 6 Rhodi um conpl ex
0.15 Chrom um sul fate £704 Amoni um bismuth citrate
g.gQST{lethylan1ne - 5.5 Ammoni um pol ysul fi de*)
: i | ver mer capt opt opi [
ERLORLGR' Siykalbyeine  2:0 0.33
Ammonium bismuth citrate 0.44
Triethylamine . 4.4
Ammonium polysulfide*) 2.1

*) 15% by weight aqueous solution; same also applies to
Examples 9 and 10.

The preparation is applied by screen printing to
porcelain and heated for 10 minutes at 820°C, the heat-
ing-up time being 1 h. A glossy, firmly adhering film is
obtained. '

Example 9: Bright gold product
' The following constituents were mixed:

_ Parts
PVP K25 ' 8.3
Gold of Example 5 12.6
Propane-1,2-diol ' 8.3
Water 43.4
- Ethyl lactate - . 16.6
Rhodium complex 0.15
Chromium sulfate 0.04
Ammonium bismuth citrate 0.49
Triethylamine ' . 5.5
Ammonium polysulfide#) 2.0
Silver mercaptopropionyl glycine 2.6

*) 15% by weight aqueous solution; the same also
applies to Examples 9 and 10.

The preparation is applied by screen printing to
porcelain and heated for 2 minutes at 880°C, the heating-
up time being 30 minutes. A glossy, firmly adhering film
is obtained.
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*) 15% by wei ght aqueous solution; the sanme also applies to Exanples 9
and 10. The preparation is applied by screen printing to porcel ain and

heated for 2 mnutes at 880[err]C, the heating- up tine being 30 mnutes.
firmy adhering filmis obtained. 18 Exanpl e 10: Bright gold

gl ossy,

preparation The foll ow ng constituents werggm xed: Parts PVP K25
5.2 Gold of Exanple 4 . 13.3

Example 10: Bright gold preparation
The following constituents were mixed:

Parts
PVP K25 5.2
Gold of Example 4 ' 13.3
Water ' 73.3
Rhodium complex 0.12
Chromium sulfate 0.33
Ammonium bismuth citrate 0.43
Triethylamine 5.2
Ammonium polysulfide*) 2.1

*) 15% by weight aqueous solution; the same also
applies to Examples 9 and 10.

The preparation is brushed onto porcelain or applied
by screen printing and heated for 10 minutes at 820°C,
the heating-up time being 1 h. A glossy, firmly adhering
film is obtained. |

Example 11
Preparation of a gold compound according to the invention
from monogold(I) dimercaptosuccinic acid (Au(I)-dmsa).

Au(I)-dmsa with an Au content of 52.09% is dissolved
in water with addition of tetraethyl ammonium hydroxide.
After addition of conc. HCl, a gold compound containing
62.89% precipitates (11/1). By corresponding dissolution
of the product 11/1 and precipitation, the Au content is
increased to 68.63% (11/2) and, by dissolution of 11/2
and precipitation, to 74.68% (11/3). The gold~to-sulfur
ratio increases from 0.54:1 to 0.89:1 (= 11/1), then to
1.11:1 (= 11/2) and finally to 1.25:1 (= 11/3).

Gold compound 11/3 was tested in the bright gold
preparation of Example 8 instead of the Au compound used

This is the replacement sheest
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Wat er 73. 3 Rhodi um conpl ex

0.12 Chromum sul fate : 0.33 Amoni um bisnmuth citrate
0.43 Triethyl am ne 5.2 Ammoni um pol ysul fi de*)

2.1 %) 15% by wei ght aqueous solution; the sanme also applies to
Exanpl es 9 and 10. The preparation is brushed onto porcelain or applied by
screen printing and heated .for 10 mnutes at 820[err]C, the heating-up tine
being 1 h. A glossy, firmy adhering film3 s obtained. Exanmpl e 11
Preparation of a gold conpound according to the invention from nonogol d(1)
di nmer capt osuc@Hure .aCiXh (#t€tactive) . firmly adhering, high-gloss gold

film is obtained.

Example 12

Au(I)-dmsa is initially dissolved in water with
addition of 2 mmoles of triethylamine per mmole of Au(I)-
dmsa, 3 mmoles of tetramethyl ammonium chloride are then
added. After addition of conc. HCl, a gold compound
according to the invention containing 71.31% Au precipi-
tates; the Au:S ratio increases from 0.54 to 1.08:1.

The Au compound was tested as a component of a
bright gold preparation-as in Example 11. An attractive,
firmly adhering, high-gloss gold film is obtained.

This is the replacement sheet
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Au(l) - dnsa_mLLh~an—Au—eeﬂfeﬂt-of 52.09%is dissolved in water with addition

of tetraethyl anoni fe. After addition of conc. HO, a gold
conpound cOM& precipitates (11/1). By correspondi ng
dlssolutlon 11/1 and precipitation, Au.content is

i ncreased to and, by dissolution of 11MTBiSa8HFpT eaipitati on,

to 74.68% (11/3). The gold-to-sul fur-ratd® increases fropgm? 54;1""'{"‘0 .89:1
(= 11/1), then to 1.11:1 (= 11/2) and finally to 1.25 %= ~3}- Golid
conpound 11/ 3 aygsyMgested in the bright gold preparation of Exanple 8

i nst ead of the Au compound used 19
1. Aﬁn%rganosulfur gold compound with a gold content of

60 to 90% by weight and an atomic ratio of gold to sulfur
of gfeater than 0.71 to 4:1 and an electrochemical non-
reducibility of up to -1.8 volt.

2. An organosulfur gold compound as claimed in claim 1,
characterized in that it is soluble in water, optionally
after addition of a base.

3. An organosulfur gold compound as claimed in claim 1
or 2, characterized in that it contains 68 to 85% by
weight of gold and has an atomic ratio of gold to sulfur
of greater than 1 to 3:1. |

4. A proceés for the production of organosulfur gold
compounds claimed in any of claims 1 to 3, characterized
in that it comprises the following steps:

(i) dissolving a monogold(I) dimercaptocarboxylic acid
compound corresponding to general formula (A):

COOH
HS - Q - S Au (3A)

b4

in which Q is an aliphatic C;,, alkane tetrayl
radical or a 5- or 6-membered cycloaliphatic
tetrayl radical optionally containing an oxygen or
imine ring member and Y is hydrogen or COOH and the
S atoms are positioned at adjacent carbon atoms, or
a salt of compound (A) in water in the presence of
a base, .

(ii) adding a mineral acid to the solution of stage (i)
to a pH value of 2 or lower and

(iii) isolating the product precipitated in stage (ii).

5. A process as claimed in any of claims 4 to 7,

/ - . N
This is the replacement sheet
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v

there. An attLacLLuer_LLLnLy_adhering, hi gh-gl oss gold filmis obtained.

Exanple 12 Au dnsa S |n|t|aIIy di ssolved in water with addition of 2

mol es of tr| P QS of Au(l)- dmsa, 3 Letranethyl
annnnlun1chlor|d After addition of
conmpound accor di t|on contai ning 71. 319

g SHEET 48 @ald]
Au prfﬁ_mi_prw)tat est.
the Au: S ratio increases fron10 54 to 1.0811. The Au conpoUTTd~WaS—t.
a conponent of a bright gold preparation as in Exanple 11. An attractive,

ested as
firmy adheringp,phgee2i288 9R!'thdt! M $t2Y iY69monogold (1) dimercap-
tosuccinic acid is dissolved in water by adding a tri-
(C;-3)alkylamine to a pH value of at least 8 and preferab-
ly from 9 to 11.
6. A process as claimed in claim 4 or 5, characterized
in that steps (i) to (iii) are carried out one or more
times, the product isolated in step (iii) of the preced-
ing sequence being used as the starting prdduct for step
(1) of the second and following sequences.
7. The use of the organosulfur gold compounds claimed
in any of claims 1 to 3 for the production of a prepara-
tion for producing a gold decoration on firing-resistant
substrates.

*# € L ®n §5 x

This is the replacement sheet .
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20 CLAI M5 1. An organosulfur gol.d conpound with a gold content of 60 to
90% by wei ght and an atomc ratio of’ gold tio ‘sul fur of greater than 0.71 to
4:1 and an el ectrochenical non-reducibility of up , 2. An
organosul fur gol d conpound as claimed in claiml1, ﬁhﬁhSHEﬁﬁZﬁQ kmathat it
is soluble in water, optionally after addi tzizon of baseﬁyﬁﬁca3 An
organosul fur gold corrpound as claimed in claim1l or ized in
that it contains 68 to 85% by wei ght of gold and has an atomic ratio of
gold to sulfur of greater than 1 to 3:1. 4. - A process for the production
of organosul fur Omumﬁﬁum(gyld aiompoundsyny Pprogegsmfor tdedr produc-

characterized ig mi% the follow ng steps: (i) di ssol vi ng
a nonogold(Il) - é‘ nercapt ocar boxy acid conpound corresponding to
general formula (A): [err]

' ' Abstract

Various organosulfur gold compounds and their use
for the production of gold decorations are known. '

The invention relates to new organosulfur gold
compounds, to a process for their production and to their
use for the production of preparations for producing a
gold decoration on firing-resistant substrates.

The gold compounds according to the invention are
obtainable from monogold(I) dimercaptosuccinic acid and
compounds of similar structure by dissolution thereof in
water in the presence of a base and precipitation by
acidification and, if desired, repetition of the dissol-

" ving and precipitating steps. The gold compounds accord-
ing to the invention are characterized by a gold content
of 60 to 90% by weight, an atomic ratio of greater than
0.7 to 4:1 and by electrochemical non-reducibility up to
-1.8 volts. Preferred gold compounds are soluble in.
water and are suitable as a constituent of organic/aque-
ous and exclusively aqueous bright and burnished gold
preparations for the decoration of glass, porcelain and
ceramic.

FIGURE 1.

eet Has Been Replaced
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bate: 1 8 OCT 18%



L

in which Qis an allphatlc C[err] al kane tetrayl radical or a 5- or 6-
menber ed cycloal i phatic tetrayl radrcal optionally containing an oxygen or
imne ring nenber and Y is hydrogen or COOH and the S atons are positioned
at adj acent carbon atoms, or a salt of compound (A) in water in the
presence of a base, (ii )g adding a mneral acid to the solution of stage
(i) to a pH val ue of Zo'r Jower and (iii)1 isolating the product-
precipitated in stage ('1.4 5. A process as clained in claim4,
characterized in that €% s (i) to (iLii) are carried out one or Aore tines,
the product isolated irf sfep (iii) of the precedi ng sequence being used as
the starting product f&%*§tep (i) of the second and foll owi ng sequences.
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21 94 122 KF 6. A process as clained in any of
claims 4 to 5, characterized in that, in step (i), nonogold(l)

di mer captosuccinic acid is dissolved in water by adding a tri(Cerr])
al kylam ne to a pH value of at least 8 and preferably from9 to 11. 7.
The use of the organosul fur gold conpounds clainmed in any of clains 1 to 3

for the production of a preparation for Broducing a gold decoration on
firing- resistant substrates.
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22

organosulfur gold compounds, a process for their produc-
tion and their use

Abstract

' Various organosulfur gold compounds and their use
for the production of gold decorations are known. ’
The invention relates to new organosulfur gold
compounds, to a process for their production and to their
use for the production of preparations for producing a
gold decoration on firing-resistant substrates.

The gold compounds according to the invention are
obtainable from monogold(I) dimercaptosuccinic acid and
compounds of similar structure by dissolution thereof in
water in the presence of a base and precipitation by
acidification and, if desired, repetition of the dissol-
ving and precipitating steps. The gold compounds accord-
ing to the invention are characterized by a gold conFént
of 60 to 90% by weight, an atomic ratio of greater than
0.7 to 4:1 and by electrochemical non-reducibility up to
-1.8 volts. Preferred gold compounds are soluble in
water and are suitable as a constituent of organic/aque-
ous and eiclusively aqueous bright and burnished gold
preparations for the decoration of glass, porcelain and
ceramic. '

ha
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20 - 94 122 KF
CLAIMS _ _
1. An organosulfur gold compound with a gold content of 60 to 90% by

weight and an atomic ratio of gold to sulfur of greater than 0.71 to 4:1 and an
-electrochemical non-reducibility of up to -1.8 volt.

2. An organosulfur gold compound as claimed in claim 1, characterized in that
it is soluble in water, optibnally after addition of a base.

3. An organosulfur gold compound as claimed in claim 1 or 2, characterized
in that it contains 68 to 85% by weight of gold and has an atomic ratio of gold to
sulfur of greater than 1 to 3:1.

4, A process for the production of organosulfur gold compounds claimed in
any of claims 1 to 3, characterized in that it comprises the following steps:

@ dissolving a monogold(I) dimercaptocarboxylic acid compound
corresponding to general formula (A): -

COCH

I
HS-Q-S Au (A)
I

Y

in which Q is an aliphatic C,, alkane tetrayl radical or a 5- or 6-
membered cycloaliphatic tetrayl radical optionally containing an oxygen
or imine ring member and Y is hydrogen or COOH and the S atoms are
positioned at adjacent carbon atoms, or a salt of compound (A) in water
in the presence of a base,

(ii) adding a mineral acid to the solution of stage (i) to a pH value of 2 or
lower and

(iif)  isolating the product precipitated in stage (ii).

5. A process as claimed in claim 4, characterized in that steps (i) to (iii) are
carried out one or more times, the product isolated in step (iii) of the preceding

sequence being used as the starting product for step (i) of the second and following

sequences.
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6. A process as claimed in any of claims 4 to 5, characterized in that, in step

(i), monogold(T) dimercaptosuccinic acid is dissolved in water by adding a tri(C,)
" alkylamine to a pH value of at least 8 and preferably from 9 to 11.

7. The use of the organosulfur gold compounds claimed in any of claims 1 to

3 for the production of a preparation for producing a gold decoration on firing-

resistant substrates.
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