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THE QUEST FOR THE NEUTRAL SULFUR-SELENIUM-NITROGEN COMPOUNDS. THE
REACTION OF DICHLORODISELANE-DICHLORODISULFANE MIXTURES WITH
AMMONIA

JARI SIIVARI,® RISTO S. LAITINEN,? and YRJO HILTUNEN b

Departments of & Chemistry and b Physics, University of Oulu,
Linnanmaa, SF-20570 Oulu, Finland

Abstract The reactions of dichlorodiselane and dichlorodisulfane
mixtures with ammonia produce heterocyclic selenium sulfides as
well as sulfur nitrides and imides. The reaction products have been
identified with 77se and 14N NMR spectroscopy. No evidence on the
formation of sulfur-selenium nitrides and imides was observed.

INTRODUCTION

Dichlorodisulfane $,Cl, reacts with ammonia at varying reaction
conditions to produce sulfur nitrides §4Ny, SyNy, and sulfur imides
Sn(NH)g_n.1 Analogous reaction of SeyCly, at high pressure and
temperature has been shown to yield Se4N4.2 In the present work the
syntheses of sulfur-selenium nitrides and imides were sought for by
reacting the Sej;Cl,/S3Cl, mixtures at varying molar ratios with both
aqueous and gaseous ammonia. The reaction products were identified with

77ge and 14N NMR spectroscopy.

EXPERIMENTAL

S,5C1, (Fluka) and NHj(aq) (Baker) were used without further
purification. Se;Cl, was prepared according to the method of Fehér.3
Gaseous ammonia (AGA) was dried with NajCO3 and CS,; (E. Merck) was
distilled over CaCl, and stored in molecular sieves (44) .

The reaction of SeyCl,/S3Cl, (molar ratios 1:9, 3:7, 5:5, 7:3, and
9:1) mixtures with aqueous ammonia were carried out at three different

temperatures (-20, 0, +20 ©C) applying the previously described method
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for the reaction of 8§3Cly with NH3(aq).4 The second series of
SesCly/SyCly mixtures in CS,; were treated with gaseous ammonia for 30
minutes at -20 ©cC.

All NMR spectra were recorded at 300 K with a Jeol JNM-GX400
spectrometer. For 77se the spectrometer was operating at 76.312 MHz. The
spectral width was 200.0 kHz and the resolution 1.5 Hz/data point. The
pulse width was 5.0 us corresponding to the nuclide tip angle of 45 ©.

The pulse delay was 1.3 s. The accumulations contained ca. 40,000
transients. Dy;0 was used as an external 2y lock and the saturated

solution of Se0, as an external reference. The chemical shifts (ppm)

were reported relative to neat MepSe [d(MegSe) = §(Se0y) + 1302.61.

For 14N the spectrometer was operating at 28.88 Mhz. The spectral
width was 70.423 kHz and the resolution 1.5 Hz/data point. The pulse
width was 15.0 Hs and the pulse delay 0.53 s. The accumulations

contained ca. 60,000 transients. D0 was used as an 24 lock and CH3NO,

as an external reference.

S D DISC [0)

$9Cly with aqueous ammonia produces elemental sulfur, sulfur nitrides
(S4N4, Sy4Ny) and sulfur imides sn(NH)g_n.4 The 14N NMR spectrum of the
product shows signals due to §4Ny (-252.1 ppm) and SyN, (-111.5 ppm)

based on the assignment by Chivers et gl.s There is also a broad

resonance ranging from -340 to -360 ppm which is due to sulfur imides
(the 14N chemical shift of SqNH in THF is -364 ppm °).

The 14N NMR spectra of the reaction mixtures of Se;Cly/S3Cl; with
both aqueous and gaseous ammonia showed only signals due to $4N; and
S4Ny. Their intensities quickly decreased with increasing selenium

content of the reaction mixture and the resonances disappeared
completely when using equimolar amounts of Se,Cly; and $,Clp.

T7se NMR spectra of the products from the reactions of the full
series of SepCl,/S$,5Cl, mixtures with both agueous and gaseous ammonia

are very complex (see Figure 1). All signals can be assigned to
heterocyclic selenium sulfides SepSg., based on our earlier study.7 The

assignment is shown in Table I.
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FIGURE 1. 77se NMR spectra of the

SeS; and 1,2-8e,8g are expectedly the main selenium containing

components in the sulfur-rich reaction mixtures. With increasing initial

selenium content the relative abundances of more selenium-rich selenium
sulfides increase. When the molar ratio of SejyCly; and S5Cly is 9:1, Seg

and 1,2-SegS; are the main components in the reaction mixture. The
product composition was not affected by the temperature of the reaction.

The reaction of SeyCl,/S,5Cl; with ammonia seems to be rather
analogous to the reaction of the dichalcogen dichlorides with potassium
jodides.® The formation of sulfur-selenium-nitrogen species, however, is

not indicated by NMR spectroscopy.
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Table I The assignment and the relative abundance of the
components (in mol%) of the reaction products as a
function of the initial molar ratio in the SexCly/SyCly
mixture.

Molecule § (ppm) Initial Molar Ratio

1:9 3:7 5:5 7:3 9:1

SeSy 700.4 39 7 12 5 -

1,2-8e58¢ 634.6 19 16 24 14 -

1,3-5e58¢ 729.8 6 13 9 5 -

1,4-Se256 688.0 4 3 4 3 15

1,5-59236 717.6 4 3 4 2 -

1,2,3-Se38;g 654.9, 561.2 9 13 13 12 -

1,2,4-Se385  728.1, 663.6, 653.7 3 g8 3 7 -
1,2,5-8e38g 724.3, 663.6, 620.3 6 15 12 11 -

1,2,3,4-8e454 665.1, 582.3 4 5 6 10 15

1,2,3,5—59434 723.1, 669.7, 642.3, 589.6 2 4 3 4 -

1,2,3,6-5e,54 758.9, 681.5, 545.9 1 6 4 6 -

1,2,3-SegS;y 658.5, 598.8, 591.9 2 4 4 8 12

1,2—Se582 690.8, 607.4, 584.5 - 3 2 8 19

Seg 615.3 - - - 3 24

Seg 687.2 - - - 1 6

efe ce

1. Chivers, T. Chem. Rev., 85,6(1985), 341.

2. Jander, J. and Doetsch, V. Chem. Ber., 93 (1960) 561.

3. Fehér, F., In: Brauer, G., Rd. Handbuch der Préparativen
Anorganischen Chemie, 3rd. Ed., Ferdinand Enke Verlag,
Stuttgart 1975, Vol. I, p. 415.

4. Niinisté, L. and Laitinen, R. Inorg. Nucl. Chem. Lett., 12,
(1976) 191.

5. Chivers, T., Oakley, R.T., Scherer, 0.J., and Wolmershauser,
G. Inorg. Chem., 20,{1981) 914.

6. Chivers, T., McIntyre, D.D., Schmidt, K.J., and Vogel, H.J.
J. Chem. Soc., Chem. Commun., (1990) 1341.

7. Laitinen, R.S. and Pakkanen, T.A. Inorg. Chem., 26, (1987)
2598.

8. Laitinen, R.S., Pekonen, P., Hiltunen, Y., and Pakkanen,

T.A. Acta Chem. Scand., 43, (198%) 436.



