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RECENT ADVANCES IN THE SYNTHESIS AND CHARACTERISATION
OF THE O,-LIKE PARAMAGNETIC SOLID SSSNCCNSSS(M),[M=AsF,1),
Sb,F,,] CONTAINING THE DIRADICAL '*SSSNCENSS3'.

Paul D. Boyle, Jack Passmore, Dale J. Wood
Department of Chemistry, University of New Brunswick,
Fredericton, New Brunswick E3B 6E2

.§r—-'-'1 r---w‘.
Abstract. The AsF,- and Sb,F,;- salts of ""SSSNCCNSSS''(1),
prepared by the reaction of S,(AsF.), S,(AsF;), and (CN),
in liquid SO, and (1) (AsF), and an excess of antimony
pentafluoride in liquid SO, respectively, is the only
known sterically unhindered non-metal triplet state
species other than dioxygen, that contains two unpaired
electrons in the solid state (u=2.6 u, both salts) at
room temperature.

We have been able to essentially quantitatively prepare
various stable radicals by the reaction of SNS' (SNSAsF)
with C-C and C-N containing molecules followed by reduction
of the cationic cycloadduct. These include the paramagnetic
liquids F,CCSNSCCF,” and Bu‘CNSNS' that as pure isolated
materials are paramagnetic, but become diamagnetic in the

solid state.’ More recently we have prepared the
, , —
paramagnetic solids }3‘;CCSSSECF,1’A$F6 and CF,CNSSSASF,

containing radical cations that are paramagnetic in all
states, by the reaction of "S;*" (a mixture of Sy (AsF,) and
S,(AsF¢)) with F,CCCCF, and CF,CN respectively. Stable
sterically unhindered compounds that contain two unpaired
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electrons are even less common than stable sterically
unhindered radicals. However SNS* undergoes a double
. . e N R .
cycloaddition with (CN), to give SNSNCCNSNS* quantitatively,
(3 . "—' LX) 1] . 3
which on reduction gives SNSNCENSNS  in  high yield®.
Surprisingly the analagous reaction of (CN), with "§,*" in
liquid S0, gave (1) according to equation 1. Reaction of
(1) (ASFy), with SbF; in 1liquid SO0, lead to (1)(Sb,F,,),
(equation 2).

yr————y
S,(AsF;),+S;(AsF¢),+2(CN), ~——————>2(CNSSS),(ASF¢), (1)
(ENSS8),(ASF,),+4SbF, ————————=> (ENSS3),(SDb,F,,),+2ASF, (2)
The arsenic salt is dark brown and the antimony salt
green although both had elemental analyses that were in
excellent agreement with the given formulations. The

structure of the cations are identical in both salts and are
shown in fig 1.

AsF salt

Sb,F,,- salt

FIGURE 1. Structure of (1)

The cations lie in stacks down the a-axis and sheets in
the bc plane with no cation-cation interaction. The
coordination numbers of cation and anion fit with those
calculated by the radius ratio rules. The structure of (1)
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is planar with a centre of symmetry on the C-C bond.
Consistent with the structure, the IR and FT-Raman spectra
of the cations of both salts obey the mutual exclusion rule.
The C-C bond length of 1.46 A is consistent with an sp*-sp?
hybridized C-C single bond. The magnetic moment of (1),
determined by the Guoy method, is 2.6 u, in the solid state
consistent with the presence of two unpaired electrons. On
the basis of bond energy estimates, the diamagnetic
quinoidal form of (1) ((2) shown in fig 2) is slightly less stable by a

small amount plus the energy needed to localise the positive charge on the sulfur
atoms. Thus the two unpaired electrons in (1) like in O, do not pair up, either by

intra- or inter-molecular interactions.

s—* N+ s—3 S~
DGO =
+S\N/ \S/s s\N/ \N/S

) &)

FIGURE 2. Quinoidal geometry (2) and 135° rotomer (3)

The esr of (1) in a frozen matrix of SO, at -175°C shows signals
corresponding to both the Am, = +/- 1 transition (H = 3254.7 G, g = 2.0186) and
Am, = +/- 2 transition (H = 1612.7 G, g = 4.0738). This shows unambiguously
that (1) like oxygen is a triplet state species. The similarities are furthur supported
by a comparison of the relative energies of the their first and second excited states
with respect to their ground states shown in fig 3. The values for O, are
experimental and those for (1) are ROHF/STO-3G energy calculations on
UHF/MNDO optimized geometries.
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FIGURE 3. Electronic states of O, and (CNSSS),**

The difference in colour of the two salts was puzzling (ie. AsF, salt dark
brown, Sb,F,- salt green, both dissolving to give green solutions). The antimony
salt gave a temperature dependent esr spectrum that showed the presence of two
radicals, the broad peak decreasing in intensity as the temperature was lowered.
The energy of (1) was calculated (ROHF/STO-3G) as the rings were rotated about
the C-C bond, showing the presence of a rotational isomer in a shallow potential
energy well only 29.8 kJ/mol higher in energy than the trans planar form. We
hypothesize that this rotomer (3) exists in equilibrium with (1) in solution and in
small amounts in the solid antimony salt and may be the source of the green

colour and the broad peak in the esr spectrum.
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