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

Deécription .

This invention relates to new organosulfur gold
compounds and to a process for their production. The
invention also relates to the use of the néw 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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for the decorative preparations mentioned have been
almost exclusively so-called gold sulforesinates 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 systenmn.

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

pyrrolidone and aqueous 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
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
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or Au-S-R-X, where X is a nitro group or -COOH, -SO,OH,
—OH, -CONH,, -NH; or -0-P(0) (OH),, the hydrogen atoms
optionally 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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particularly 73 to 80% by weight and an atomié ratio of
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 propertles
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)
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-
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) 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
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 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
above-mentioned peak of the compound according to the
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invention lies between the values for metallic gold (84.0
eV) and the gold (I) thiolate used &s starting material
(Example 1) (84.46 ev). The . small, but significant
signal shift of the Au4f,,, peak towards higher binding
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.
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). '

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):

COOH
HS - Q - S Au (a)

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
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).
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The group Y is preferably a carboxyl group.' Accord-
ingly, particularly preferred monogold(I) dimercaptocar-
boxylic acid starting materials corresponding to formula
(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-1,4-dicarboxylic acid are mentioned as examples of
the cyclic starting compounds corresponding to formula
(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
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
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-
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 (¥-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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-primary, secondary and tertiary amines with aliphatic,

cycloaliphatic and/or aromatic radicals and also N-
heterocyclic bases, such as in particular 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 dissoclves. If a
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
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 (111) 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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. to 80°C.

The organosulfuf gold compounds obtainable by the
described process dissolve in water in the presence of a
base. Water-soluble organosulfur gold compounds wifh the
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
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 prebarations 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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. one or more of the elements boron, silicon, vanadium,

chromium, indium, tin, antimony, bismuth or rhodium 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 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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ethers of the glycols or oligoglycols mentioned are
particularly preferred, as are hydroxycarboxylic acids or
lower alkyl esters thereof, such as in particular C,;
alkyl lactate.

As already discussed, it 1is 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 aqueous solution or emulsion containing water-soluble
organic binders and other auxiliaries. To obtain par-
ticularly high—gloss' gold decorations, the agqueous
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 substahces for varying the
rheological properties of the preparation, surfactants,
adhe51on—strengthen1ng auxiliaries and drying accelera-
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
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

s Sheet Has Been Rerlaced

||III||III|| 1




10

15

20

25

30

35

11 94 122 KF

. 1.5:1. The water content is generally 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 prepafation. 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 éompounds. 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 compound may be directly applied to the
surface to be decorated by conventional decoration
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. _

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
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 -
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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producing gold decbrations on firing-resistant substra-
tes, but also in substantially aqueous preparations.
Using the new organosulfur gold cofnpounds in aqueous
preparations, it is possible 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%.

¥Cc-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 KOH) 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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~ordinate shows the current in pA (micro A). The curve

10

15

20

25

30

35

shows that Au™ is reduced to au’ at -700 mv.

Figure 4 shows the IR spectrum of monogold(I) di-..
mercaptosucc1n1c acid (in a KBr tablet).

From the XPS-ESCA X-ray photoelectron spectrun
(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. HCl.
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%
©Cc 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 gof .... 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
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. Analysis: Au 73.99%
C 7.12%
H 1.20%
S 10.04%
N 0.57%

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
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.

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: 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-%
C 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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-a pH value of 10 being established. The 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:sS = 1.08:1%1

Example 5

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
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 2u:s = 1.23:1

- 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
formed is filtered and dried. |

IThis Sheet Has Been Re laced




10

15

20

25

30

35

16 94 122 KF

Yield: 7.83 g of brown substance

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 13.4
Propane-1,2-~-diol 6.1
Water . 41.9
Ethyl lactate 25.1
n-Butanol - 0.9
Rhodium complex 0.12
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" Chromium sulfate 0.33
Ammonium bismuth citrate 0.44
Triethylamine 4.4
Ammonium polysulfide#) . 2.1

10

15

20

25

*) 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 mlxed.

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

30

35

*) 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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'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
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"there. An attra‘ctive, 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 cbtained.
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' 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, 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 process 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 (A)

Y

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
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,
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 characterized in that, in step (i), monogold(I) dimercap-

tosuccinic acid is dissolved in water by adding a tri-
(Ci-3)alkylamine to a pH value of at least 8 and preferab-
ly from 9 to 11. T

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.

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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