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Reversible Dissociation of
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NB, Canada E3B 6E2 and department of Chemistry, P.O. Box 3000,

F1N-90014 University ofOulu, Finland

The dissociation of ( S e ^ j X A s F ^ in SO2(1) has been investigated by 77Se NMR spectros-
copy at - 8 0 °C involving both a natural-abundance sample as well as that containing sele-
nium enriched in the Se-isotope (enrichment 92 %). In addition to the previously
characterized cations Se6I2

2+, Sel3
+, l,l,4,4-Se4l4

2+, Se1 0
2 +, Se8

2+, and Se4
2+, the NMR

spectra of Ihe equilibrium solution exhibited additional resonances the assignment of which
has been carried out by 77Se-77Se 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 integrated inten-
sities, ihe presence of cyclic cations Se7I+ and 1,4-Se7l2

2+, as well as acyclic Se2I+, and
l,l,6,6-Se6'42+(two rotamers) could be inferred. Upon evaporation of the solvent only
Seglj2+ was found to be present in the solid state.

Keywords: Selenium-iodine cations; 77Se NMR spectroscopy

INTRODUCTION

The structural chemistry of selenium-iodine cations has seen rapid
progress in recent years.'12' The solid state structures have been
established for (Se6l2)(AsF6)r2SO2 and (Se6l)n(MF6)n (M = As, Sb) | 3 )
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containing cyclic cations, and for acyclic (Sel3)(AsF6),
1415'

(SejL(XAsF6)ySO2, and (Se2l4XSb2Fi,)2.
161 The present work was

initiated in order to explore the nature of the complex equilibrium that is
set when (Se6l2XAsF6)2.2SO2 is dissolved in SO2O) and to identify the
cationic dissociation products.

EXPERIMENTAL

( 6 h X 6 ) 2 2 was prepared from elemental selenium, iodine, and
arsenic pentafluoride as described previously.'3' Two samples were
prepared one involving natural-abundance selenium and the other
selenium enriched in the "Se-isotope (enrichment 92 %). The 77Se
NMR spectra were recorded in SOj(l) at -80 °C employing Bruker
DXP400 and Varian Unity 400 spectrometers. Spectral simulation was
carried out by using the program Perch.'7'

RESULTS AND DISCUSSION

The 77Se NMR spectrum of the equilibrium mixture of the 77Se-enriched
sample of (Se6l2XAsF6)2 dissolved in SO2(1) is shown in Figure 1. The
chemical shifts have previously been reported for 1,4-Se6l22+, 1,1,4,4-
Se4l4

2+, Sel3
+,189' Se42+,"O'U1 Se8

2+, and Se10
2+."2' These species could be

identified in the spectrum. Spectral simulation reproduced well the
coupling patterns of 1,4-Se6l22* and I,l,4,4-Se4it2t, yielded reasonable
coupling constants, and thus verified their identities. The coupling
patterns of the resonances assigned for Seg2+ were also in agreement
with those reported earlier.'12' The resonances due to Seh+ and Se4

2+

appeared expectedly as singlets and those of Seio2+ showed the expected
fluxional behaviour."2' The "Se-^Se COSY connectivities provided
further confirmation of this assignment.

The assignment of the 22 unknown resonances has been carried
out by "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: Se7l* (7 resonances), 1,4-Se7l22* (4
resonances), I,l,6,6-Se6l22+ (asymmetric rotarner, 6 resonances;
symmetric rotamer, 3 resonances), and Se2l+ (2 resonances). The
inferred molecular structures are shown in Figure 2. The spectral
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FIGURE 1. The 77SeNMR spectrum of "Se-enriched
(Sc6l2XAsF6)2 in SO2(1) recorded at -80 °C.

simulation showed a close agreement between the calculated and
observed coupling patterns with reasonable coupling constants as
exemplified for Se7l+ in Figure 3.

While " S c ^ S e COSY and spectral simulation can be used to
determine the "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 S e ^ 2 4 implying 600 mol of
selenium and 200 mol of iodine. The quantitatively integrated intensities

FIGURE 2. Selenium-iodine cations that are generated upon
dissociation of (Seeh
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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 shown 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 Sei0

2t I121 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
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FIGURE 3. The observed and calculated resonances Se7I
+

= 1, 66, 69, 104, 199, 214, 484 Hz; Iz&s, = 3, 20, 23, 173 Hz;
1 / ^ = 1 , 2 7 , 3 3 Hz).
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TABLE 1. The 77Se NMR spectroscopic information and the relative
abundance of the cationic species of the equilibrium SO2 solution of
Se6I2

2*.

Species

Se6h2+

Se,|I.i2+

Sel3
+

Se4
2 t

Se8
2 t

Se7l+

Se7I2
2+

SeeU2* a *

Se2I
+

Total

5 (ppm)

1313,476(2:7)
1548,978(7;/)
830
1922
1970,1521,1196,
1071,1046
(2:2:7:2:7;
1791,1637,1419,
1374,1308,1200,
956(7:7:7:7:/:/:/)
1149,1064,
1044,998 (2;2:/:2)
1597, 1351,1350,
1170,1007,873

1181,1096,1094

1486,1219 (7:7)

Int."

80
42
61
10

105

43

50

45

51

30

Abund.

15.5
8.1

11.8
1.9

20.3

8.3

9.7

8.7

9.9

5.8

100.0

mol Se

93.0
32.4
11.8
7.6

162.4

58.1

67.9

52.2

59.4

11.6

556.4

mol I

31.0
32.4
35.4
0.0
0.0

8.3

19.4

34.8

39.6

5.8

206.7

° The integrated intensity has been calculated as an average of all
resonances of the cationic species as scaled for one selenium atom. b 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-I bond {see for
instance the molecular structure of (Se6hXAsF6)2'2SO2

13'}.
The dissociation of Seeh2* and the setting up of the equilibrium

can be considered in terms of the well-known equilibria:1'1

2SeJ2
2 +
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2+
3Se4I

2Se4L,2t

It is quite conceivable that other species observed in the SO2
solution also take part in the formation of equilibrium. This finds
confirmation from the observation that upon removal of the solvent only
(Se6l2XAsF6)2-2SO2 is found in the solid state.
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