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[57] ABSTRACT 
Finely divided metal sul?de powders of uniform size 
are produced at low temperatures by a method of add 
ing solutions of organometallic compounds to an or 
ganic solvent saturated with H28. The solvent is kept 
saturated with H28 by adding HZS at a rate greater than 
that for the organometallic compound. 

10 Claims, No Drawings 

A statutory invention registration is not a patent. It ha 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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LOW TEMPERATURE SYNTHESIS OF METAL 
SULFIDES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention is related to metal sul?de powders 

useful as precursors for optical ceramics and catalysts. 
More particularly, this invention is related to a low 
temperature synthesis of metal sul?de powders by reac 
tion between an organometallic compound and hydro 
gen sul?de. I 

2. Description of the Prior Art 
Metal sul?de powders are useful as precursors for 

optical ceramics used in sensor windows and domes on 
aircraft, satellites, and missiles. Precursors having high 
purity and small. uniform particles are necessary to 
provide optical ceramics having excellent thermal, me 
chanical and optical properties. Additionally, metal 
sul?de powders are useful as catalysts because they 
contain small, uniform particles having a large surface 
area. 

Conventional methods of synthesizing metal sul?de 
powders require high temperatures and inorganic start 
ing materials. High temperatures promote particle 
growth which detracts from the optical and thermome 
chanical properties of the ceramic. Inorganic starting 
materials contain undesirable impurities which can de 
grade the performance of the optical ceramic or cata 
lyst. 

organometallic compounds are known to be useful in 
the preparation of some metal chalcogenides. For exam 
ple, the gas phase reaction between an organometallic 
compound such as diethyl zinc with hydrogen sul?de, 
hydrogen selenide or dimethyltellurium has.been re 
ported. The reaction is run at temperatures of 750' C. or 
greater and has been used to prepare the sul?des, sele 
nides and tellurides of zinc and cadmium. 
The liquid phase reaction of diethyl zinc with hydro 

gen sul?de has been reported. This room temperature 
reaction has been used to prepare zinc sul?de contain 
ing ligands such as 2,2'-bipyridine, 1,10-phenanthroline, 
and pyridine. The procedure involves an HzS purge of 
an anhydrous ethereal solution of diethyl zinc and an 
organic ligand. The procedure has been adapted to 
produce zinc sul?de without the ligand. However, the 
particle size of the resulting zinc sul?de was not re 
ported. 

Optical ceramic precursors having small particles are 
desirable because they often can be processed under 
mild conditions into ?ne-grained ceramics. The result~ 
ing ?ne-grained ceramics are generally low in defects 
and have improved optical and mechanical properties. 
Moreover, if the grain size is substantially smaller than 
the wavelength of light, then light scattering between 
grains in non-cubic materials is minimized. As a result, a 
wider range of metal sul?des would be available as‘ 
optical ceramics. 

Metal sul?de powders used as optical ceramic and 
catalyst precursors must have few impurities. The pu 
rity of the ?nal product is dependent on the purity of 
the starting material. Inorganic starting materials used 
in conventional syntheses contain impurities which can 
degrade the performance of the ceramic. Organometal 
lic starting materials of very high purity are easily ob 
tained by distillation, sublimation or recrystallization. 
However, the purity of the ?nal product may be af 
fected by the presence of residual hydrocarbon in the 
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2 
form of incompletely reacted organometallic material 
or entrained solvent. 

SUMMARY OF THE INVENTION 

According to the present invention ?nely divided 
metal sul?de powders of uniform size are produced by 
adding a solution of an organometallic compound at a 
predetermined rate to an organic solvent saturated with 
HZS. The reaction can be performed at temperatures in 
the range of —78' C. to 100° C. The reaction solution is 
kept saturated with HZS by adding H25 at a rate greater 
than that for the organometallic compound; 
An object of this invention is to provide a low tem 

perature synthesis of metal sul?des that may be used as 
precursors to optical ceramics or catalysts. 
Another object of this invention is a method of pro 

ducing high purity metal sul?de powders containing 
small, uniform particles having a large surface area. 
Other objects, advantages and novel features of the 

invention will become apparent from the following 
detailed description. > 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a synthesis of metal 
sul?de powders by reaction of an organometallic com 
pound in solution with hydrogen sul?de (H35) at tem 
peratures from about —78° C. to about 100° C. Or 
ganometallio reagents are particularly suitable for the 
low temperature preparation of metal sul?de powders 
which are desired as precursors to 8-12 micrometer 
infrared-transmitting ceramics. 
The use of organometallic reagents in the low tem 

perature synthesis of ceramic powders offers many 
advantages over conventional preparations. Organome 
tallic reagents can be obtained in high purity and can be 
mixed at a molecular level while in solution. Bimetallic 
complexes may also be useful for making ternary mate 
rials. Additionally, the low temperatures possible with 
organometallic oompounds in solution are a factor in 
promoting small and uniformly sized particles which 
are suitable for processing under mild conditions into 
?ne-grained ceramics. 

Metal sul?de powders have been prepared by react 
ing HZS with dimethylzinc, di(tertiary-butyDzinc, tri 
ethylaluminum, trimethylaluminum, diethylmagnesium, 
and bis(trimethylsilylmethyl)cadmium. Other reagents 
besides metal alkyl compounds may be useful, such as 
metal alkoxides, thioalkoxides and hydrides. 
The reaction of organometallic compounds in solu 

tion with hydrogen sul?de produces a ?ne precipitate 
immediately upon mixing. The major impurity in the 
resulting metal sul?de powder is residual hydrocarbon 
which reduces the transparency of optical ceramic ma 
terials upon densi?cation. 

Residual hydrocarbon usually results from incom 
plete reaction of the organometallic reagent or from 
residual organic solvent. The amount of residual hydro 
carbon due to unreacted zinc-alkyl groups parallels the 
order of stability of the zinc-alkyl compounds. For 
example, dimethylzinc is more stable than diethylzinc, 
which in turn, is more stable than di(t-butyl)zinc. Zinc 
sul?de powders made from dimethyl zinc contain more 
unreacted metal alkyl reagent and, consequently, more 
residual hydrocarbon than powders made from diethyl 
zinc or di(t-butyl)zinc. 
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Additionally, certain solvents such as diethyl ether 

are dif?cult to completely separate from the metal sul 
?de powders and may also signi?cantly increase the 
amount of residual hydrocarbon. Solvents which are 
easily separated from the metal sul?de powders include 
toluene and heptane. 
The method of adding reagents signi?cantly affects 

the purity of the resulting metal sul?de powder. A HZS 
purge of an organometallic compound in solution re 
sults in signi?cantly higher levels of residual hydrocar 
bon than procedures involving the addition of an or 
ganometallic reagent in solution to an organic solvent 
that is saturated with HzS. For example, the H25 purge 
of a diethylzinc/heptane solution at 25° C. resulted in a 
residual zinc-ethyl group level of 30,000 ethane/mole 
zinc) as measured by acid hydrolysis in which the liber 
ated hydrocarbon is measured using gas chromatogra 
phy. In contrast, adding a diethylzinc/toluene solution 
to toluene saturated with ms at —20‘ C. resulted in a 
residual zinc-ethyl group level of about 10 ppm. 
Temperature is also important in preparing small, 

uniform particles. in the range of temperatures used for 
the reaction, low temperatures result in smaller particle 
sizes. One possible explanation may be a larger number 
of nucleation sites at lower temperature, due to slower 
diffusion of reactants. Additionally, low temperatures 
increase the solubility of H25 in the organic solvent. As 
a result, increased amounts of H25 in the solvent are 
believed to cause more complete reaction of the organo 
metallic reagents leading to less unreacted organometal 
lic compounds. Zinc sul?de has been formed according 
to the present invention at temperatures ranging from 
-78' C. to 100° C. Temperatures from ~78‘ C. to 
about - 100‘ C. may also be favorable for the reaction. 
Temperatures in the range from --78‘ C. to about —20' 
C. have been found to give the best results. At tempera 
tures near the boiling point of H28, a l Molar solution of 
H28 in the organic solvent is preferred. 
The rate at which the organometallic compound in 

solution is added to the HzS-saturated solvent affects 
the level of organic residue in the metal sul?de powder. 
A dilute solution of the organometallic compound 
added at a constant rate from about 0.01 moles/hour to 
about 1 mole hour has been found to be suitable for a 
reaction on the 0.1 mole scale. The preferred rate of 
addition is about 0.1 mole/hour for a reaction on the 0.1 
mole scale. It is also important to maintain H28 satura 
tion of the organic solvent during addition of the or 
ganometallic compound. This is accomplished by bub 
bling HzS through the organic solvent at a rate slightly 
greater than the rate which the organometallic com 
pound is added. 
The following example is given to illustrate but not 

limit the invention: 

EXAMPLE 

Synthesis of ZnS 

Diethylzinc was distilled and stored in a helium-?lled 
glovebox. Toluene and pentane were distilled from 
sodium and stored under argon. HZS was used as re 
ceived. 
Approximately 15.2 g (0.123 mole) of diethyl zinc 

was added to a dry ?ask under an argon atmosphere. 
About 90 ml of toluene was added to a reaction vessel 
which was then cooled and maintained at a temperature 
of —20° C. to -25° C. The toluene in the reaction 
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4 
vessel was saturated with H35 by bubbling the gas 
through the solvent. 
'The diethylzinc was diluted to 1 mole per liter with 

110 mL of toluene and stirred briefly to ensure homoge 
neity. With rapid HZS flow through the HgS-saturated 
solvent and rapid stirring with a magnetic stirbar in the 
reaction vessel, the diethylzinc solution was added to 
the toluene solution via a 22 gauge cannula over a per 
iod of about 1 hour. After the addition of the diethyl 
zinc, the H25 flow was continued for 1 minute. The 
reaction vessel was allowed to warm to room tempera 
ture and the excess HZS was allowed to escape. 
The zinc sul?de powder was collected by ?ltration 

under an argon atmosphere and washed with two 30 
mL portions of toluene and three 20 mL portions of 
pentane. The solid was pumped dry for 20 minutes and 
then transferred to a glovebox. The solid was dried 
under a vacuum of less than 0.01 torr at 25° C. for one 
hour then heated and maintained at 100° C. for 24 hours. 

Electron micrographs of the solid show spherical 
particles with diameters ranging from 20 to 100 nano 
meters. Acid hydrolysis of the solid shows a level of 
zinc-ethyl group impurity of approximately 10 ppm. 

Modi?cations and variations of the present invention 
are possible. it should be understood that, within the 
scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally described. 
What is claimed is: 
l. A low temperature method of producing metal 

sul?de powders with small, uniform size and a large 
surface area by reaction between an organometallic 
compound and hydrogen sul?de comprising the steps 
Of: 

saturating an organic solvent with H25; 
adding a solution of an organometallic compound and 

organic solvent to said H25 saturated solution; 
maintaining HZS saturation of said reaction mixture 

by adding HZS at a greater rate than the organome 
tallic compound; 

recovering a pure, ?nely divided powder; and 
drying said powder by heating while under a vac 
uum. 

2. The method of claim 1 wherein said organometallic 
compound is selected from the group consisting of tri 
ethylaluminum, trimethylaluminum, diethylmagnesium, 
and bis(trimethlsilylmethyl) cadmium. 

3. The method of claim 1 wherein said organic sol 
vent is selected from the group consisting of toluene 
and heptane. ' 

4. The method of claim 1 wherein said saturated solu 
tion of an organic solvent and H28 is maintained at a 
temperature within the range from about 100° C. to 
about —40° C. 

5. The method of claim 1 wherein said solution of an 
organic solvent and P125 is maintained at a temperature 
within the range from about --40‘' C. to about —- 100° C. 
and at a HZS concentration of about 1 mole per liter. 

6. The method of claim 1 wherein said organometallic 
compound is added to said HZS saturated solution at a 
rate within the range from about 0.01 moles/hour to 
about 1 mole/hour for a reaction on the 0.1 mole scale. 

7. The method of claim 1 wherein said ?nely divided 
powder is recovered by ?ltration and washing. 

8. The method of claim 1 wherein said powder is 
dried by heating under a vacuum of less than 0.01 torr to 
100° C. for about 24 hours. 

9. A low temperature method of producing zinc sul 
?de particles with diametersof about 20 to 100 nanome 
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ters and a large surface area by reaction between diethyl 

zinc and hydrogen sul?de comprising the following 
steps: 

maintaining a solution of toluene and H28 at a tem 

perature within the range from about 100' C. to 

about -40' C.; 
saturating said solution of toluene with HZS; 
adding a solution of diethyl zinc and toluene to said 

HZS saturated toluene solution at a rate within the 
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6 
range from about 0.01 moles/hour to about 1 
mole/hour for a reaction on the 0.1 mole scale; 

maintaining HZS saturation of said reaction mixture 
by adding HZS at a greater rate than diethyl zinc; 

recovering a pure, ?nely divided powder; and 
drying said powder by heating while under a vacuum 

of less than 0.01 torr. 
10. The method of claim 9 wherein said solution of an 

organic solvent and B28 is maintained at a temperature 
within the range from about —40° C. to about — 100° C. 
and at a HZS concentration of about 1 mole per liter. 

# i i i i 


