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Mixed-ligand complexes of lanthanide dialkyldithiocarbamates with
1,10-phenanthroline as precursors of lanthanide sulfides
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A simple method for the synthesis of the title complexes, which can be used as precursors of lanthanide sulfides, in aqueous

solutions has been developed.

Lanthanide sulfides are of great interest in modern science and
technology because of wide application of these compounds as
ceramic and film materials.! The synthesis of lanthanide sulfides
is a rather difficult task because pure metal lanthanides and hy-
drogen sulfide should be used.2 Coordination compounds con-
taining lanthanide-su Ifur bonds can be promising precursors of
lanthanide sulfides. The mixed-ligand complexes of lanthanide
dialkyldithiocarbamates with 1,10-phenanthroline [Ln(dalkdtc),-
(phen)] were used as volatile precursors to obtain thin films of
lanthanide sulfides.34 However, the wide application of [Ln-
(dalkdtc)(phen)] is restricted by a complex synthetic proce-
dure.#6 The well-known method of the synthesis involves the
preparation of [Ln(dalkdtc);] complexes in anhydrous solvents
followed by the formation of mixed-ligand complexes by mixing
solutions containing 1,10-phenanthroline and [Ln(dalkdtc),]. The
main difficulty in this method is due to the fact that [Ln-
(dalkdtc),] solutions exhibit extremely high sensitivity to hydro-
lysis, and the synthesis should be performed under strongly an-
hydrous conditions.

The prospects of [Ln(dalkdtc),(phen)] as precursors of lan-
thanide sulfides stimulated our interest in the development of a
more suitable synthetic route to these coordination compounds.
Here, we describe a new method for the synthesis of [Ln-
(dalkdtc),(phen)] in aqueous solutions and the use of the [Ln-
(dalkdtc)(phen)] complexes for the preparation of rare-earth
metal sulfides. As examples, we used Eu and Er complexes
with the following three dialkyldithiocarbamate ligands:
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(ddtc is diethyldithiocarbamate; pmdtc is pentamethylendithio-
carbamate; and mechdtc is cyclohexylmethyldithiocarbamate).

This one-pot synthetic approach involves two consecutive
reactions:’ the interaction between LnCl;-6H,0 and phen-H,0

I Synthesis of Ln(dalkdtc),(phen): a solution of 1,10-phenanthroline
(2 mmol) in boiling water (20 ml) was added to an aqueous solution of
LnCl; (1 mmol, 10 ml) with intense stirring; next, aqueous solution of
Na(dalkdtc) (3 mmol, 20 ml) was added dropwise to the [Ln(phen)ag]Cl,
solution, and coloured crystals were collected and dried in a vacuum at
room temperature. Yield ~90%. IR (Nujol and hexachlorobutadiene mulls,
vicm1): 1000-1 020 (v¢g); 1480-1 490 (v ); 2980-2 990 (v(_); 1600,
1620, 1630, 850, 750 (phen vibration frequencies).

Eu(ddtc),(phen). Found (%): C, 42.0; H, 5.2; N, 9.2; Eu, 19.7. Calc.
for Cy;HagNsSgEU (%): C, 41.7; H, 4.9; N, 9.0; Eu, 19.6.

Er(ddtc);(phen). Found (%): C, 41.1; H, 4.3; N, 9.0; Er, 21.9. Calc. for
C,7HagNsSEr (%): C, 41.1; H, 4.8; N, 8.9; Er, 21.1.

Eu(pmdtc);(phen). Found (%): C, 44.8; H, 5.1; N, 8.9; Eu, 20.5. Calc.
for C4oH3sNsSgEU (%): C, 44.3; H, 4.7; N, 8.6; Eu, 21.1.

Er(pmdtc),(phen). Found (%): C, 43.6; H, 4.4; N, 8.5; Er, 17.8. Calc.
for C4yH3sNsSgEr (%): C, 43.5; H, 4.6; N, 8.5; Er, 18.3.

Eu(mechtc),(phen). Found (%): C, 48.8; H, 5.0; N, 7.7; Eu, 19.3. Calc.
for C3gH5oNsSgEU (%): C, 48.2; H, 5.6; N, 7.8; Eu, 19.5.

Er(mechtc)z(phen). Found (%): C, 47.2; H, 5.7; N, 8.1, Er, 16.9. Calc.
for C46H5oNsSgEr (%): C, 47.4; H, 5.5; N, 7.7; Er, 17.0.
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Table 1 Thermal analysis data for Ln(dalkdtc),;(phen).

2Am (%)
o calc. for

Compound TSCES) A6 (9 anthanide sulfide

formation
Eu(ddtc),(phen) 290 75 65
Er(ddtc)s(phen) 280 70 62
Eu(pmdtc),(phen) 270 76 77
Er(pmdtc),(phen) 275 70 74
Eu(mechtc)s(phen) 250 74 79
Er(mechtc);(phen) 255 71 76

in an aqueous solution with the formation of [Ln(phen)aq]Cls;
followed by the addition of an aqueous Na(dalkdtc)-H,O solu-
tion to form coloured precipitates of [Ln(dalkdtc),;(phen)]. The
products obtained were dried in a vacuum at room temperature
and characterised by elemental analysis and IR spectroscopy.!
The new synthetic method was found to be successful for all
dithiocarbamate ligands, and the product compositions were ade-
quately described by the formulae [Ln(dalkdtc);(phen)]. Thus,
the formation of [Ln(phen)aq]Cl, at the first stage of the syn-
thesis allowed us, at the second stage, to obtain stable rare-earth
metal dialkyldithiocarbamates in an aqueous solution.

The behaviour of the [Ln(dalkdtc),(phen)] complexes on heat-
ing in a dry nitrogen flow was examined. The thermal stability
of the complexes depends on the nature of ligands and de-
creases in the order ddtc > pmdtc > mechdtc (Table 1).! Accord-
ing to the TGA data, the thermal decomposition of [Ln(ddtc),-
(phen)] leads to the formation of lanthanide sulfides.

Previously,# it was found that the [Ln(ddtc),(phen)] prepared
by the known method can be evaporated at 250- 300 °C and
0.01 Torr. The [Ln(ddtc);(phen)] complexes prepared by the
developed method demonstrated the same ability to evapora-
tion.8 For [Ln(pmdtc)s(phen)], only 80-85% of the starting
sample was evaporated at 240-28 0 ° C because of considerable
thermal degradation at this temperature. In the case of the [Ln-
(mechdtc),(phen)] complex, the evaporation was not observed.
The powders of lanthanide sulfides were found in the evapora-
tion boat after heating to 450 °C. The data obtained at a low
pressure correlate with the difference in the thermal stability of
complexes found by thermal analysis in nitrogen.

The low thermal stability of [Ln(dalkdtc),(phen)] forms the
basis of the preparation of lanthanide sulfides by thermal de-
composition of these complexes. This method can be imple-
mented either at an atmospheric pressure in nitrogen or at a
reduced pressure depending on the nature of dithiocarbamate
ligands. These modes were applied to the most available di-
ethyldithiocarbamate complex with 1,10-phenanthroline and the
thermally unstable [Ln(mechdtc),(phen)] complex, respectively.

The samples of [Ln(ddtc),(phen)] were slowly decomposed
in a flow of dry oxygen-free nitrogen in the temperature range
200- 400 °C for 3 h and then annealed at a higher temperature.
Fine crystals of lanthanide sulfides were obtained at 1000-

 Thermogravimetric analysis was performed on an OD-102 derivato-
graph in a nitrogen atmosphere at a heating rate of 5°C min-,

§ Isothermal vacuum sublimation experiments were performed in glass
tubes at a pressure of 0.01 Torr using 100 mg samples.
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1100 °C. In the case of [Ln(mechdtc),(phen)], lanthanide sul-
fides were obtained on heating at 500 °C for 2 h at a low
pressure. The formation of crystalline EuS and Er,S; was con-
firmed by X-ray diffraction analysis" (Figure 1).
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Figure 1 X-ray diffraction patterns of (1) EuS obtained by the thermolysis
of [Eu(ddtc)s(phen)] at 1100 °C in a nitrogen flow and (2) a reference
sample of EuS powder.

I(a.u.)

Note that the crystallinity of sulfides prepared from [Ln-
(mechdtc),(phen)] at a low pressure was slightly worse than that
of the samples obtained at a higher temperature in a nitrogen
flow. Thus, the temperature conditions of lanthanide sulfide for-
mation at a low pressure should be optimised.

1 X-ray diffraction data for EuS obtained using [Eu(ddtc)3(phenZ] asa
precursor: a=17.0 (0.1), b=4.00 (0.04) and c=10.11 (0.03)A, B =
=99.4 (0.4)°; CCDC no. 21-324: a = 17.404, b = 3.978 and ¢ = 10.092 4 ,
B =98.67.

In summary, we developed a new very simple method for the
synthesis of mixed-ligand dialkyldithiocarbamate complexes of
lanthanides with 1,10-phenanthroline and demonstrated that these
complexes can be used as precursors of lanthanide sulfides.
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