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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefuiness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or

reflect those of the United States Government or any agency thereof or the Regents of the -

University of California.
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RECENT STUDIES OF SULFUR-NITROGEN COMPOUNDS
By William L. Jolly

Department of Chemistry of the
University of California and the
Inorganic Materials Research Division .of the -
Lawrence Radilation Laboratory, '
Berkeley, California 94720

Sulfur-nitrogen chemistry is a fascinating areavof study because it
has not yef been systeﬁatized. With our presenﬁ understanding, it is
very difficult, or impossible, to predict the structures and reactions‘of
sulfur-nitrogen compounds. In this chapter several exampies of recent
research aimed at determining the structures and systematizing the

reactions of these compounds are discussed.

Sulfur-Nitrogen-Chlorine Compounds

Wno would have predicted that a solid compound of formula SeNsCl

~would form upon heating S4Ng with S2C1s?

3S4N4 + 285C1lz = LS4N=Cl
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This is just one of many similar reactionsl’

which defy rationalization.
Perhapsveven morevremarkable @han this synthesis is the structure of
S4N=xCl. . A large numBer of metathetical reactions carried out in \ _;
solvents such as formic acid and sulfuric acid show that the compoundc
is just one ﬁember of a series of salts of general formuia 84N3+X'.
Two x-ray diffraction studies of the nitrate, S4N3NOz, have shown thatv
the S4N3+ cation is. a nearly planar seven-membered ring with the

—— 3

structure shown below.

S/// \\\S
R
AN |
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Concurrent with the x-ray studies, we used ~“N nmr to study the
sﬁructure of the‘S4N3+ ion.L  Although the nmr method yielded riowhere
‘near as much structural information as the x-ray studies, this work

will be discussed here because the method is relati?ely simple and is

potentially applicable to a large number of nitrogen compounds.

'Initialiy we tried th mmr on a solution of normal S4N>Cl.
However the'quadrupolé broadening of the th nucléi was 80 zreab ﬁhatv
only an extremely broad, useless band was observed. It was clear thét ?u
it would be necessary to use lSN nuclel, which hgve spin 1/2 and no ) .(,f

15

Quadrupole moment. Therefore we synthesizedvthe N-enriched compound,
and ran the 15N nmr spectrum. The spectrum consisted of two relatively

sharp signals with intensities in a 1:2 ratio. (See Figure 1.)
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The weaker signai was a triplet, as expected ffom coupling to two
equivalent-nitrogen'atoms) énd the stronger siénalvwas a doublet, as
éxpected frdm coupling to a unique hitrogen atdm. The spectrum was
thus entirely consistent with the‘struéture‘shown above, and inconsistent
with any structures having three equivalent nitfogens or three nonequi-
valent nitrogens. _

| The synthesis of the‘lstenriched SsNsC1 presented some problem,
because synthesis from S4N4 and SpCls would require the preparation
of 15N—enrichéd SalNg, andvpfeparation'ofvthe‘latter compoun& from
S2C1z and 15NH3 would be very wasteful of NHz. We developed a
relatively efficient process for preparing S4NzCL from 15N-;enriched
NH4Cl and S2Clz. The first step of the pfocedure involved the refluxing
of a’mixture of £he réagents,'using an aif condenser. NSCl vap?r was
evolved, and this combined wiﬁh the cool SgClé‘in the air condeﬁser to

form crystals of SzNaCls.
NHeCL + 282C1s - NSCL + 3S + LHCL
2NSCl + SgClg - 8aNoCle + SClo

The reaction pot was then replaced with a flask containing carbon tetra-
chloride and Sz2Clz, and by refluxing this mixed solvént,{the SzNaClo
crystals were converted to SiNzCl. |

353N2Clz + S2Cla = 284NsCl + 35Cle

~
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By stopping the procedure after the initial refluxing of S2Clz with

‘NH4Cl,’it was possible to isolate the crysﬁalline S3Nz2Clz. Some of the

"crystals were submitted to Drs. Zalkin,‘Hopkiné and Templeton, who

determined the crystal structure by x-fay diffraction..5
structure is quite remarkable and was completely unanticipated. The

compound is a salt with an S;N2C1+ cation and a Cl~ anion. The cation

contains a five-membered ring, as shown below.

Cl\\g ' )

_ : S——-—AQ\\

o N\\g\\+ W

e

‘Sulfur Nitride-Lewis Acid Adducts

Sulfur_nitride,'S4N4, forms adducts with a wide‘variety of Lewis

acids. The foliowing émpirical formulas have been,rePorted:

S@N@'SbCl5,6’7 234N@'Sﬂ014,6’7 SQN@'TiCl4,6’7 SQN§'2SOj,8

ll The unusual'stoichiometry

S4N.- 4805,
9 10

S4N4-TeBr4, S4N4thbF5 and MS4N4'BF3.
reported for the BF3 adduct, and a lack of information regarding the
other boron trihalide ddducts, led us to a systematic study of the
reaction of Sl with boron trihalides. -

We found that SaNa in methylene chloride reacts with BFs to form.
burgundy-cﬁlored crystals of S4N4¢BFs and with BClz to form red-orange

" needles of SaN4+BClz. The properties of the adducts are consistent

with structures involving B-N bonds.

Here again the

8

e

(~
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The S4N4+BF3 adduct is fairly labile. It decomposes reversibly to
S4N4 and BFs when heated and the BF3 in the adduct may be displaced by
BCl»s or SbCls. On the other hand, the 84N4oBC13 adduct is much less |
labile. This adduct, when heated, sublimes with slight decomposition.

When we attempted to displace BCls from 34N4-BCl3 by treatment with

'”SbC15, a completely unexpected result Was obtained. Instead of obtaining

S4Ne'SbCls, we obtained the adduct S4Ng-BClz.SbCls. This product is
remarkable because no .di-adducts are found in the reaction of S4N4 with
either excess BCls or SbCls. Possibly the mixed adduct can be formuiated

55 SaNgBCls' SbCle .

iifur Mitride Paramaghetic Anfons.

; Chapman and I\/Iasseyl'3 observed that a series of color changes is

obtained when SsNs is reduced with alkali metals in dimethoxyethane,
and they observed a nine-line electron spin resonance spectrum, character-
istic of a paramagnetic species containing four equivalent nitrogen atoms.

They concluded that the spectrum was due to the S4N. anion, in which the

—— .

fe——

unpaired electron is delocalized over the entire S4Ns ring.

More recently, we nave 6bservedwthat"several paramagnetic species

are formed when a solution of SalNs in tétrahyd:ofuran is titrated with

i
'

sodium naphthaleneide.lLL First both a five-line esr signal and a three-
line esr signal.are observed. The five-line s%gnal is attributable to

a species with two equivalent nitrogen atoms, Fnd the three-line signal -
is due to a species with’ohe niﬁrogen atom.> T%ese two. signals disappear

as more naphthaleneide is added, and are replaced by a weak nine-line

spectrum identical to that observed by Chapman and Massey.
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It was vefy difficult for us to understand how sulfur nitride
fragment radicals could_férm before formation 6f an S4Na radical.. i

15

However, Meinzer and Myers v have recently completed an esr study which 'i Y
. clarifies thié aspect of the problem. AThey‘have found that'reduction
of Ss4N4 in tetrahydrofuran below 0° yields a new nine-line spectrum,
“with a g value aﬁd splitting constant quite différent from those of
the sfectrum first observed by Chapman and Massey. vabve 0° thisvnéw v
radical decomposes to give the one- and two-nitrogen radicals and, with
further reduction, the four-nitrogen radical of Chapman and Massey. It
is believed thét the new fdﬁr-nitrogen species is the SaNg~ ion, in
which the oddjelectrqn is-delocalizedvofer the entire molecule, and
that the other four-nitrogen species, SXN4_, is someho& formed by the
" combination of smalléf fragments. | |

The esr parameters of ali the sulfur nitride radicals which have
been observed in tetrahydrofuran are presented in Table l..-Thé assign-
ment of the new nine-line Spectrum to S;N4_ is supportedAby the followin;
evidence: (a) The esr speétrum:of‘the new radical is broadened bybthe;
addition of S;N4, as would be éxpected for an eieptron-exchange reaction.
(v) The ﬁew radical is formed in high yields at low temperatureé, and

is a plausible precursor of the fragment radicals which form at higher

temperatures. (¢) The magnitudes of the A and g values are such as to

g
s

- put the new radical in a different class from the other radicals,

N
\

indicating a different bonding type. It is suggested that the odd -
~electron is essentially delocalized over all the atoms in SeN.~, whereas

it is relatively localized on nitrogen atoms in the other radicals.

Acknowledgment. This work was‘supported by the United States

Atomic Energy Commission.



" Sulfur Nitride Radicals in Tetrahydrofuran

Table 1

Electron Spin Resonance Parameters of

UCRL-1T7172

Radical Number g A

’ o of lines (gauss)
SylNo~ 5 2 01oi 5.13
Syl 3 _2.0053 1.2
SyNa~ 9 2.0065 3.13
'e'(free) 2.0023 -

Sala™ 9 2.0006 1.20
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. Figure Caption

#icore 1. The Nitrogen-15 N.M.R. ‘Spectrum of S4'°Nz*. Reproduced from

reference b with permissionvof the American Chemical Society.
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