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Reversible Dissociation of
(Segl1)(AsFg); in SO,(I)

SCOTT BROWNRIDGE?, LARRY CALHOUN?, RISTO
S. LAITINEN®, JACK PASSMORE?, JARKKO PIETIKAINEN® and
JEREMY SAUNDERS?

3Department of Chemistry, Unnersm of New Brunswick, #45222, Fredericton,
NB, Canada E3B 6E2 and Department of Chemistry, P.O. Box 3000,
FIN-90014 University of Oulu, Finland

The dissociation of (Segly)(AsFg); in SO,(1) has been investigated by 7’Se NMR spectros-
copy at -80 °C involving both a natural-abundance sample as well as that containing sele-
nium enriched in the 7Se lsotope (enrichment 92 %). In addition to thc previously
characterized cations 55612 . Sely*, 1,1,4,4- Se4l4 Sejott, Seg2 , and Se4 the NMR
spectra of the equilibrium solution exhibited addmonal resonances the assxgnmem of which
has been carried out by /'Se-"'Se COSY, selective irradiation experiments, and spectral sim-
ulation. Combining this information with the trends in the chemical shifts as well as with
iodine, selenium, and charge balances that were calculated from quantitative mtegra!ed inten-
sities, the presence of cyclic cations SeqI* and 1,4-Seqly**, as well as acyclic Se,lt, and
I 166-Se6l4 *(two rotamers) could be inferred. Upon evaporation of the solvent only
Segl,?* was found to be present in the solid state.

Keywords: Selenium-iodine cations; 7’Se NMR spectroscopy

INTRODUCTION

The structural chemistry of selenium-iodine cations has seen rapid
progress in recent years!'?) The solid state structures have been
established for (Sesly)(AsFe)22S0; and (Seel)(MFs), (M = As, Sb) 1]
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containing cyclic cations, and for acyclic (Sels)(AsFe),!*"!
(SealsXAsFe)2'SO;, and (SeliX(SboFi):*! The present work was
initiated in order to explore the nature of the complex equilibrium that is
set when (Secl;}(AsFe)2.250; is dissolved in SO,(1) and to identify the
cationic dissociation products.

EXPERIMENTAL

(Sesl2)(AsFe)2-280; was prepared from elemental selenium, iodine, and
arsenic pentafluoride as described previously.” Two samples were
prepared one involving natural-abundance selenium and the other
selenium enriched in the "’Se-isotope (enrichment 92 %). The "'Se
NMR spectra were recorded in SOy(l) at -80 °C employing Bruker
DXP400 and Varian Unity 400 spectrometers. Spectral simulation was
carried out by using the program Perch.!"!

RESULTS AND DISCUSSION

The 7’Se NMR spectrum of the equilibrium mixture of the "’Se-enriched
sample of (Sesl,AsF¢): dissolved in SO,(1) is shown in Figure 1. The
chemical shifis have previously been reported for 1,4-Segla?", 1,1,4,4-
Seql 2", Sely" B9 Se 2 1101 Ge 2* and Se 2" 1" These species could be
identified in the spectrum. Spectral simulation reproduced well the
coupling patterns of 1,4-Segly®" and 1,1,4,4-Se 1%, yielded reasonable
coupling constants, and thus verified their identities. The coupling
patterns of the resonances assigned for Seg’* were also in agreement
with those reported earlier.!'?) The resonances due to Sel;* and Se.®”
appeared expectedly as singlets and those of Se;s>* showed the expected
fluxional behaviour.'?! The 7Se-"Se COSY connectivities provided
further confirmation of this assignment.

The assignment of the 22 unknown resonances has been carried
out by 7’Se-"Se COSY, selective irradiation experiments, as well as by
spectral simulation that together yielded information on the number of
species and their spin systems. It was established that these resonances
could be assigned to five cationic species the chemical identity of which
was inferred to be as follows: SejI* (7 resonances), 1,4-Sesl,’* (4
resonarces), 1,1,6,6-Secl,** (asymmetric rotamer, 6 resonances;
symmetric rotamer, 3 resonances), and Se;I” (2 resonances). The
inferred molecular structures are shown in Figure 2. The spectral
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FIGURE 1. The "7Se NMR spectrum of "'Se-enriched
(Seolz)(AsEe), in SO(1) recorded at —80 °C.

simulation showed a close agreement between the calculated and
observed coupling panems with reasonable coupling constants as
exemplified for SeyI* in Figure 3.

While Sc -Se COSY and spectral simulation can be used to
determine the 7’ Se spin systems of the species, additional information is
needed to establish their chemical identities. This can be done by
considering the iodine, selenium, and charge balances in the reaction
mixture. Let there be initially 100 mol of Sesl;** implying 600 mol of
selenium and 200 mol of iodine. The quantitatively integrated intensities

A v er¥

FIGURE 2. Selenium-iodine cations that are generated upon
dissociation of (Segl, X AsFg),.
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of the resonances in the equilibrium mixture enables the determination
of the relative abundances of the cationic species and therefore also the
final amounts of selenium and iodine. This has been shawn in Table 1.
It can be seen that the equilibrium amount of iodine is almost exactly
identical to the initial amount. Not all selenium, however, is accounted
for. This is due to the fact that because of the fluxionality and exchange
of Sey®" ' the intensities of its resonances cannot be converted to the
abundance of the species. Therefore the amount of selenium should be
higher, but it does not affect the iodine balance. For the same reason not
all of the charge has been accounted for (total positive charge in the
equilibrium mixture is 174.1 mol as compared to 200 mol initially
present).

The trends in the chemical shifts are consistent with the present
assignment (see Table 1). All resonances of the selenium atoms that are
bound to iodine expectedly lie at higher field than those of other

3 4 9
AN VoY e Wy Nl —t N Obs.
calc.
1791 1637 1419 ppm
13 15 29

_ﬁL M mn obs.
M m JL _ calc.

1374 1308 1200 956 ppm

FIGURE 3. The observed and calculalcd resonances Sesl” (chsc
= 1, 66, 69, 104, 199, 214, 484 Hz; s = 3, 20, 23, 173 Hz;
Yeso=1,27,33 Hz).
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TABLE 1. The "’Se NMR spectroscopic information and the relative
abumziance of the cationic species of the equilibrium SO, solution of
Seglz +.

Species & (ppm) Int® Abund  molSe moll
Sesls2*  1313,476 (2:1) 80 155 930 310
Sesls?*  1548,978(1;1) 42 8.1 324 324
Sel,* 830 61 1.8 11.8 354
Sey’* 1922 10 1.9 7.6 0.0
Seg™* 1970, 1521, 1196, 105 20.3 162.4 0.0
1071, 1046
(2:2.1:2.1)
Sesl* 1791, 1637, 1419, 43 83 58.1 8.3

1374, 1308,1200,
956 (I:I.1:1:1:1:1)

Se;L?* 1149, 1064, 50 9.7 67.9 19.4
1044,998 (2;2:1:2)

SesLi**a® 1597, 1351, 1350, 45 8.7 522 348
1170, 1007, 873
(l:r.1.r.1:1

Seli**s?  1181,1096,1094 51 9.9 59.4 39.6
(r:.r:n

Se,l* 1486, 1219 (1:1) 30 5.8 1.6 58

Total 100.0 5564  206.7

? The integrated intensity has been calculated as an average of all
resonances of the cationic species as scaled for one selenium atom. ® a
denotes asymmetric rotamer and s symmetric rotamer.

selenium atoms The chemical shift gets larger as the spatial separation
from the iodine atoms grows. The trends in one-bond coupling constants
are also consistent with the expected variations of the Se-Se bond
lengths as a function of the distance from the Se-] bond {see for
instance the molecular structure of (Segl,AsFg)2:250, l3l}.

The dissociation of Segl,”* and the setting up of the equilibrium
can be considered in terms of the well-known equilibria:!"

2 Seql,** SesL®* + Ses™
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3 Segly?t == 28Sel;" +2 Ses®*
3 SC4142* = 4 SCI; + Segz*
2Sel¥ =" Segly*t +2 Sely’

It is quite conceivable that other species observed in the SO,
solution also take part in the formation of equilibrium. This finds
confirmation from the observation that upon removal of the solvent only
(Seel;X(AsFg),2S0; is found in the solid state.

Acknowledgments
The financial support from Academy of Finland, Emil Aaltonen

Foundation, and NSERC is gratefully acknowledged.

References

(1
(2

[3]

(4]
(5]

(6}

7
(8}

91
(10
(1

[12]

T. Klapétke and J. Passmore, Acc. Chem. Res., 22, 234 (1989). .

S. Brownridge, T.S. Cameron, 1. Passmore, G. Schatte, and T.C, Way, J. Chem.Soc.,
Dalton Trans.., 2553 (1996).

W.A.S. Nandana, J. Passmore, P.S. White, and C.-M. Wong, Inorg. Chem., 28, 3320
(1989).

J. Passmore and P. Taylor, J. Chem. Soc., Dalton Trans., 804 (1976).

1P, Johnson, M.P. Murchie, J. Passmore, M. Tajik, P.S. White, and C.-M. Wong, Can.
J. Chem., 65, 2744 (1987).

W.A.S. Nandana, J. Passmore, P.S. White, and C.-M. Wong, Inorg. Chen., 29, 3529
(1990).

PERCH, Version 1/96, University of Kuopio (1996).

J. Passmore, in Studies in Inorganic Chemistry, ed. R. Steudel, Elsevier, New York
1992, vol. 14, ch. 19, p. 373, and references therein.

M.M. Camell, F. Grein, M.P. Murchie, J. Passmore, and C,-M. Wong, J. Chem. Soc.,
Chem. Commun., 225 (1986).

G.J. Schrobilgen, R.C. Burns, and P. Granger, J. Chem. Soc., Chem. Commun., 957
(1978).

M.J. Collins, R.J. Gillespie, L.F. Sawyer, and G.J. Schrobilgen, Inorg. Chem., 25, 2053
(1988).

R.C. Burns, M.1. Collins, R.J. Gillespie, and G.J. Schrobilgen, Inorg. Chem., 25, 4465
(1986).



