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Preparative and X-Ray Crystallographic Data on Some
Divalent Tellurium and Selenium Dithiophosphates
and Dithiophosphinates
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The anions [R,PS,]", where R is methoxy, ethoxy, and ethyl,
react with tetravalent tellurium and selenium to yield compounds
of divalent tellurium and selenium. The preparation of the following
compounds together with their unit cells and space groups are reported:
Tellurium bis(dimethyldithiophosphate), Te[(MeQ),P8,],; a = 10.37 A,
b= 11.51 A, ¢ = 12.56 A, Z = 4; space group Dy;!*-Pben. Tellurium
bis(diethyldithiophosphate), Te[(EtO),PS,],; a = 12.75 A, b = 21.31
A, c = 1264 A, a« = 110.5°, § = 74.5°, y = 110.5°, Z = 6; triclinic,
space group probably C*-P1. Tellurium bis(diethyldithjophosphinate),
Te[(Et);PS,],; monoclinic dimorph, @ = 12.13 A, b = 12.71 A,
c = 12.31 &, g = 116.5°, Z = 4; space group C,;’-P2,/c. Orthorhombic
dimorph, ¢ = 13.43 A,b = 21.23 A, ¢ = 11.81 A, Z = 8; space group
D,*®-Pbca, Selenium bis(dimethyldithiophosphate), Se[(MeO),PS,]q;
a=10104,b=12.44 A,c = 12.17 A, § = 91.5°, 2 = 4; space group
Cy®-P2,/n. Selenium bis(diethyldithiophosphate), Se[(EtO),PS,]y;
a=1230 4, b=12704A, ¢ = 846 4, o« = 111.0°, g = 104.5°,
y = 115.5°, Z = 2; triclinic, space group probably C,;!-PI. Selenium
bis(diethyldithiophosphinate), Se[(Et);PS:l,; a = 12.11 A, b=
12.69 A, ¢ = 12.30 A, g = 116.5°, Z = 4; space group Oy’-P2,/c.

The stereochemistry of divalent tellurium and selenium in the
compounds is discussed tentatively.

It has been shown recently 1,2 that divalent tellurium forms complexes
with a centrosymmetric square-planar, or in some cases a distorted square-
planar configuration around the tellurium atom. The ligands used were mainly
thiourea or substituted thioureas, alone or together with anionic ligands as
halogens, pseudohalogens, or phenyl groups. A principally analogous, linear
triselenium system has been found in potassium triselenocyanate.?

The purpose of this and following studies is to see if bidentate ligands
will form related square-planar complexes with divalent tellurium and
selenium. As bidentate ligands are chosen dithio anions as dialkyldithio-
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phosphates, dialkyldithiophosphinates, dialkyldithiocarbamates, alkylxan-
thates, etc.

Dithio anions often function as complexing agents towards typical metal
cations like those of the transition elements. Complexes of the first two types
of anions mentioned above, have been known only for a relatively short time.
Dithiophosphate metal complexes have been reported mostly in connection
with analytical and spectral studies.#® Extensive preparative work on metal
dithiophosphinates, thioselenophosphinates and diselenophosphinates have
recently been reported by Kuchen et al.”"1® Dithiocarbamate and xanthate
complexes have been known for quite a long time and spectral and structural
studies have been performed on some of these, especially the nickel (II)
complexes.?11717

X-Ray structural work has been done on nickel (II) complexes with
diethyldithiophosphate,’* ethylxanthate,'” dipropyldithiocarbamate,’® and
diethyldithiocarbamate.'® The three first complexes have been shown to have
a square-planar NiS, group, with the nickel atom in a centre of symmetry.
The diethyldithiocarbamate complex is also centrosymmetric,'® and further
structural work may reveal a square-planar NiS, configuration also there.

The square-planar structures of these nickel(II) complexes indicate the
possibility of the same dithio anions giving square-planar complexes also
with divalent tellurium and selenium. :

There have been several reports on divalent tellurium and selenium dialkyl-
dithiophosphates, dialkyldithiocarbamates, and xanthates. Busev and Min-
T’iao Huang1® prepared selenium bis(diethyldithiophosphate) and Busev
and others %18,1° report the use of diethyldithiophosphates for analytical
determination of tetravalent tellurium and selenium. Foss 20-?* has prepared
and studied some divalent tellurium and selenium dithiocarbamates and
xanthates. So far, however, no structure work except unit cell and space group
determinations for two of the divalent tellurium xanthates seems to have
been done.2 .

Some predictions of the structures of divalent tellurium and selenium
compounds with dithio anions might a priori be possible. By comparison
with structures of similar divalent nickel complexes and structures of divalent
tellurium and selenium complexes with unidentate sulphur-containing ligands,
the compounds would be expected to be square-planar or distorted square-
planar. The Te—S and Se—S bond lengths would be expected to be longer
than single covalent bonds as found for the corresponding complexes with
unidentate ligands.!,3

The non-bonded sulphur-sulphur distance in the dithio anions mentioned
here is somewhat small for both sulphur atoms to coordinate to the same
central atom. Especially a tellurium atom with a covalent radius of 1.37 A 25
may not fit into such a mononuclear square-planar complex. However, in the
case of dithiophosphates and dithiophosphinates where the spacing is largest,
only small adjustments of bonds and angles should be necessary. On the
other side, a small non-bonded sulphur-sulphur distance might lead to poly-
meric structures or to rather large differences in the lengths of the two Te—S
or Se—S bonds from the same anion as found in the trivalent antimony 26
and arsenic 2 xanthates.
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SYNTHESIS

More than sixty years ago, Norris and Fay 2,2° found that tetravalent
tellurium and selenium react with sodium thiosulphate in acid solution to
yield monotelluro- and monoselenopentathionates. The reaction is:

H,Se0, + 48,052 + 4H* = 8,0, + Se(S;05):~ + 3H,0

with a corresponding equation for tellurium. Tellurium and selenium are
reduced to the divalent state in these reactions.20,2

Russel 3 reported that the reaction between tetravalent selenium and
alkali dithiocarbamates gave dithiocarbamates of tetravalent selenium but
that the result was often an equimolecular mixture of the divalent selenium
dithiocarbamate and the corresponding bis(thiocarbamyl) disulphide. Tetra-
valent tellurium dithiocarbamates are also labile with respect to rearrangement
into the divalent dithiocarbamate and the corresponding disulphide.?

Recently Busev showed a corresponding reduction of tetravalent selenium
upon reaction with diethyldithiophosphates:18,3!

2[(E40);PS,J,Ni + HySeOj + 4 HOl - [(Et0);PS,], Se + 2NiCl, + 3H,0 +
[(E£0),PS,],

The present work has shown that alkali dithiophosphates and dithio-
phosphinates reduce tetravalent tellurium and selenium to the divalent state
in analogy with the above.

The compounds described below were prepared by addlng aqueous solu-
tions of the alkali dithiophosphates and dithiophosphinates to hydrochloric
acid solutions of Te(IV) or Se(IV) at room temperature. Orange to yellow oils
then separated out and usually solidified rapidly. The solid consisting of the
divalent compound and the corresponding disulphide was then in most cases
dissolved in the alcohol corresponding to the substituent alkyl- or alkoxy
groups. Upon cooling, the crystalline divalent tellurium and selenium com-
pounds were obtained while the disulphides stayed in solution.

EXPERIMENTAL

Preparation of salts. Dimethyl- and diethyldithiophosphonic acids were prepared
according to the procedure of Fletcher et al.*? by bringing phosphorus pentasulphide and
the corresponding alcohol in the molar ratio 1:4 to react in benzene under reflux. Potassium
dimethyldithiophosphate was isolated by adding alcoholic potassium hydroxide to the
benzene solution of the acid.®® Ammonium diethyldithiophosphate was obtained on
introduction of gaseous ammonia.

Sodium dimethyl- and diethyldithiophosphinates were prepared from the respective
tetraalkyl diphosphine disulphides ®,* by heating them with equivalent amounts of
crystalline sodium sulphide and sulphur.? In the case of the dimethyldithiophosphinate,
the mixture had to be heated above 205°C for a clear solution to form. This was probably
the reason for the low yield (21 9,) obtained.

Preparation of the tellurium compounds. These were prepared by dissolving 0.01 mole
of tellurium dioxide in 5 ml hot, concentrated hydrochloric acid. After cooling to room
temperature, 15 ml of water was added. To this solution, 0.04 moles of alkali dithio-
phosphate or dithiophosphinate dissolved in 15—20 ml of water, was added slowly,
with stirring. Immediately, yellow to orange oils separated out and solidified rapidly.
The solution was decanted off and the solid mass was washed with the corresponding
cold alcohol. The solid containing the divalent tellurium dithiophosphate or dithio-
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Table 1. Analytical data on the crystalline tellurium and selenium compounds.

Compound Found Cale. Yield 9, M.p.,°C.
Te[(MeO),PS,], Te 28.96 Te 28.87 79.9 90.5—91.5 *
Se[(MeO),PS, 1, Se 19.97 Se 20.08 62.4 61—62
Te[(EtO),PS, ] Te 25.49 Te 25.62 75.7 65— 66 *
Se[(Et0),PS,], Se 17.51 Se 17.57 61.1 8788 **
Te[(Et),PS,]s Te 28.30 Te 29.40 88.0 99100
Se[(Et),PS,], S 3375 S 33.28 78.9 116—117 *

* Decomp.

** Busev and Min-T"iao Huang !® report a melting point of 81 —82°C for this compound.

phosphinate and the corresponding disulphide was then dissolved in the corresponding
warm alcohol or another suitable solvent such as benzene. Upon cooling, the tellurium
compound crystallized out while the disulphide stayed in solution.

Preparation of the selenium compounds. The preparations were analogous to those of
the tellurium compounds; in these cases 0.01 mole of selenious acid dissolved in 20 ml 2 N
hydrochloric acid was used. In the case of the dimethyldithiophosphate compound,
the oil did not solidify. After washing the oil several times with cold methanol, it was
dissolved in hot methanol and crystallization then took place upon cooling.

Analysis. The tellurium compounds and especially the selenium compounds were
not quite stable in solutions. When kept in the solid state in a refrigerator, the compounds
were stable for months.

Tellurium and selenium bis(dimethyldithiophosphinate) were apparently amorphous,
and especially the tellurium compound was very little soluble. Attempts at recrystalliza-
tion resulted in decomposition or failed to give single crystals. After thorough washing
in warm benzene the melting points (decomp.) were found to be about 196°C and 125°C,
respectively. (Found: S 34.76. Calc. for C,H,,P,S,Te: S 34.26. Found: S 39.40. Calc. for
C,H,,P,S,Se: S 39.30). The high melting points and low solubility of these compounds
may be due to polymerization. The corresponding tellurium and selenium bis(dimethyl-
dithiocarbamates) 22 are also insoluble and have high melting points.

In Table 1, the analyses and yields of the crystalline compounds are listed. The melting
points are uncorrected, and an asterisk indicates that decomposition started before
melting took place. These compounds were soluble in most organic solvents. The phos-
phinates were less soluble than the phosphates, especially in polar solvents.

CRYSTAL DATA

Unit cells and space groups were determined from single-crystal oscillation
and Weissenberg photographs. Copper radiation with 2 = 1.5418 A was
used and the calculated parameters are probably accurate within 0.5 9.
Densities were obtained by flotation in aqueous salt solutions.

Tellurium bis(dimethyldithiophosphate ), Te[(CHZ0),PS,],. Crystallization
from methanol yielded orange to red prisms {110} elongated along the ¢ axis,
with @ = 10.37 A, b = 11.51 A, ¢ = 12.56 A. There are four formula units
per unit cell; density, cale. 1.94, found 1.92 g/cm3. The space group, from
systematic absences, is Dy;'%-Pbcn. Reflections hkl with b + &k = 2n + 1 are
systematically weak, and this together with four molecules and eight general
"positions in the cell, indicates twofold symmetry of the molecules, with the
tellurium atoms on twofold axes.
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Tellurium bis(diethyldithiophosphate ), Te[(C,H;0),PS,],. Deep orange red,
triclinic crystals from ethanol. They were large, somewhat poorly developed
prisms along ¢ with forms {010}, {100} and probably {110}. The cell dimen-
sions are, ¢ = 12.75 A, b = 21.31 A, ¢ = 12.64 A, ¢ = 110.5°, § = 74.5°,
y = 110.5° with six formula units in the cell. Density, calec. 1.67, found
1.66 g/cm3. The triclinic space group, from morphology, probably is C1—PT.

Tellurium bis(diethyldithiophosphinate), Te[(C,H;),PS,],. Two types of

crystals could be distinguished: Yellow prisms and needles (A) separated out
from ethanol, while orange plates (B) separated out from a 1:1 mixture of
ethanol and dioxane. Unit cells and space groups were determined for both
types.
Y A. The prisms and needles were elongated along [101], with @ = 12.13 A,
b= 1271 A, ¢ = 12.31 A, p = 116.5°. There are four formula units per unit
cell; density, cale. 1.69, found 1.71 g/ecm3. The crystals were twins, and the
systematic absences were therefore not quite clear, but isomorphism with
the corresponding selenium compound was indicated. The space group is
then probably Cy,5-P2,/c.

B. The crystal chosen for investigation was an almost quadratic, flat
plate {001}. Unit cell dimensions are, a = 13.43 A, b=21234 ¢=11.81A.
There are eight formula units per cell; density, cale. 1.71, found 1.72 g/cm?3.
The space group, from systematic absences, is orthorhombic Dq;!%-Pbca.

Selentum bis(dimethyldithiophosphate), Se[(CH;0),PS,],. Yellow, mono-
clinic prisms from methanol, elongated along @. The cell dimensions are,
a = 1010 A, b = 1244 A, ¢ = 12.17 A, B = 91.5°. There are four formula
units in the cell; density, cale. 1.71, found 1.70 g/ecm3. From systematic absences,
the space group is Cy°-P2,/n.

Selenium bis(diethyldithiophosphate), Se[(C,H;0),PS,],. Yellow prisms
from ethanol, elongated along ¢ with forms {100} and {010}. The cell dimen-
sions are, @ = 12.30 A, b = 12.70 A, ¢ = 8.46 A, a = 111.0°, § = 104.5°,
y = 115.5°. There are two formula units in the unit cell; density, calc. 1.51,
found 1.49 g/cm3. The space group is triclinie, and from morphology probably
CL-P1.

Selenium bis(diethyldithiophosphinate ), Se[(CoH;),PS,],. Light yellow trans-
parent prisms from benzene. The crystals are monoclinic and isomorphous
with type A of the corresponding tellurium compound, and were like these
elongated along [101]. There is no twinning here, and the cell constants are
nearly identical with @ = 12.11 A, b = 12.69 A, ¢ = 12.30 A, g = 116.5°
There are four formula units in the cell, with density, cale. 1.51, found
1.48 g/cm3. The space group, from systematic absences, is Cy,5-P2,/c.

DISCUSSION

The unit cell and space group data yield little definite information about
possible structures of the compounds. Tellurium bis(dimethyldithiophosphate)
probably has twofold symmetry with the tellurium atom on twofold axis.
But there is no indication of centrosymmetrical square-planar structures from
these data.
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An X-ray structure analysis of one of the compounds, tellurium
bis(dimethyldithiophosphate), is being completed. Molecules (CH30),P-S-
|

S
Te-S-P(OCH,), can be distinguished. However, the thiono sulphur atoms
I

form weak intermolecular bonds to tellurium atoms in neighbouring molecules.
Distorted square-planar TeS, groups thus occur in the resulting polymeric
system.
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