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6.1 OXYGEN

Oxygen freezes at 298K and a pressure of 5.6GPa but then at 5.6
and 9.9GPa undeérgoes transitions marked by dramatlic colour changes.
18

0, at

2
9,.6GPa and 297K showed that the colour change Is associated with a

X-ray diffraction measurements on a single crystal of

phase transition to a new orthorhombic structure in the space
group Fmmm with cell dimensions a = 4.2151, b = 2,9567 and c =
6-6697% rather than the previously proposed monoclinic a O, form.
1802
related to that of a 0, and transformations from cone tc the other

The new structure of the so-called "orange" is very closely
may be second order.

controlled-potential coulometry has been used to show that the
ferrous form of iron tetrakils (N-methyl-4-pyridyl)porphyrin reduces
oxygen guantitatively to water via a multl-stepped mechanlism. It
was assumed that the oxXygen reaductlion proceeded through hydrogen
peroxide that was either removed by disproportionation or via
direct reduction by the ferrcus porphyrin., This view was
reinforced by tests which showed that hydrogen peroxide reacted
very slowly with the Fe(III) form in acidic solutions whilst the
Fe (II) porphyrin reacted rapidly.2 The photochemical oxidation of
tetraline by oxygen is catalysed by Fe(III) acetylacetonate. The
reactlon rate increased markedly with temperature and the rate
determining step of the photochemical cxidation was presumed to be
a catalysed thermal reaction.3 Derivatives of 1, 4-naphthoguinone
have been synthesised and used as solution and surface bound
catalysts for the electrochemlical and photoelectrochemical
reducticen of oxygen to hydroden peroxide.4 The hydrogen - oxygden
reaction has been studied in a static system over lanthanum oxide
and eurcopium oxide at different initial hydrogen pressures from
480 to 775K, both stoichlometriec and non steolchiometric reactions
were studied. The mechanism of the reactions involves the
competitive adsorption of molecular hydrogen and oxygen with the
rate-determining step involving the 1nteraction between the
adsorbed molecules or hydrogen peroxide.5 The reactions of
l-butene with oxygen (and nitric oxide) have been studied in a
differentlial flow system over manganese (III}) oxlde. During
catalysis the oxlde underwent a partial phase change from the a to
the ¥ form.s

The reactlons of 03 wlth NH3 and NH, OH have been studied in the

2

condensed phase. O2one reacts with NH3 at ~170°C to give the
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yellow—-orange ozonide NH3+O3- which could be reconverted to the
reactants by photolysis with near u.v. or by heating to -90°%. on
warming the NH3-D3 system to —13D°C, NH NO_.3NH., was formed which

473 3

starts to deamminate at about -105 to give NH4N03. A second phase

formed at -l?OOC, was tentatively identified as NH20+H02- and was

found to deccmpose at -10°C with the evolution of 02. The reactlon

of NH,OH with O, ylelded the yellow ozonide NH,0H'0,” at -190%
and HNO, which was observed immediately upon addition of 0,4 to
NH,OH as the hydrogen bonded complex, NH,OH.HNO,. At -100°C the
NH20H+.O3 started to decompose 3nd the final product of the

reacticn was NH3OH+NO3_ and H20.
The superoxide anlon Oé' has been shown to perform the novel
desulphurization of 1,3-diarylthioureas at 20°c in THF or
acetonitrile to form 1,2,3-triarylguanidines in excellent yields.8
Several publications have been concerned with the reactlions of
dioxygen with transition metal complexes. McAuliffe has followed
his preliminary publication with a full paper describing the
reverslble binding of dloxygen with the novel manganese (II)
phoaphine complexes, [ﬁnxz(PR3)] where X = Cl, Br or I and R3 =
Bun3 or PhBun2 in several organlic sclvents. Oxygen 1s abscorbed
guantitatively by the ccmplexes to form [Mnxz(PRBJ(Ozlj and
repeated (more than 400 times at —ZOOC) cycling of oxygen
absorption was shown to be possible. The solid state dioxygen
binding by bis{isothiocyanato} {phosphine)manganese(II) complexes
[Mn(NCS}thPha_an}] have also been studied but only the
Dmiucs)z(PR3)] compounds were found to bind dloxygen reversibly.g
italian workers have shown that the complex NN'-4-methyl-4-aza-
heptane-1l,7-diylbis(salicylideneiminato)}cobalt(II) binds dioxygen,
reversibly and a crystal structure determination of the dioxygen
adducts [Co(salmhpn)],.0,.2C H, shows that the crystal lattice
contains both dioxygenated and non-dioxygenated molecules in 1:1
ratio, in which the Co atoms are octahedral and five ;oordinated
respectively. 1In the octahedrally coordinzted low spin Co({II}
moiety the sixth pesitlon 1s coccupied by a dloxygen molecule bound
in a bent, end-on manner wlth 0-0 bond distances averaglng l.OGR.
The non dioxygenated molecules contain high spin Co(II) atoms.lo
The equilibrium constant for the formation of
[Coz(en)4(02)(0H}]3+ in KCl agueous solutlion has been detarmined.
Calculation of thermodynamic functlons for the additlon of 02 to
[Co(en)2]2+ to form the doubly bridged bicobalt camplex
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[Coz{en)d(oz)(OH)]3+ showed a large enthalpy change, but the
stability of the binuclear species with respect to [Co(en)2]2+ is
strongly reduced by a large entropy effect.ll The reactions of
oxygen with Co(II) chelates of tridentate, dianicnic Schiff Base

ligands12 and orthoquinone complexes of vanadiumlB,have alsoc been

reported., The appllcation of 170 n.m.r. for the study of
transition metal bonded peroxidic oxygen atoms has bheen described.

The first high resoclution 170 n.m.r. observations were obhtalned

from *70 enriched [(CN)4OMQZ8][N[PPh )5], and for non enriched
alkylperoxc derivatives of platinum.i

An investigation into whether the energy of atomization of solid
oxides can be divided into components, not according to the number
of bonds but according to the contribution of each metal atom to
the total bond strength. Using this approach 1t was found that
magnesium, for example, contributes the same amount per equivalent
t¢o the anergy of atomization in MgA1204 as it does in Mgzsio4 to a
very hugh degree of accuracy. The authore consider that the
results of thils study make a real contributicn to the theories of
bonding in oxides and related solids.ls A study of the dehydration
of aFeQOCH to aFe20§lha5 shown that the band ckaserved in the 1.r.
spectrum at ll4ocm undergoes several splittings and shifts on
dehydration of the sample. It was concluded that the band was a

precursor of similar bands previously observed on aFe and

203
assigned to adsorbed oxygen.

A simple method for the generaticn of singlet oxygen for solution
kinetic studies has been described., A glass plate coated with a
sensitizer is placed with the sensitizer a few millimeters above
the solution. Illumination of the plate generates singlet oxygen
at the sensitlzer, which diffuses intc the solution. Electrons or

hydrogen atom transfer cannot however cross the alr gap.l7

Several
papers have been concerned with the chemistry of singlet oxygen,
toples covered were the quenching of singlet oxygen by conjugated
18 and with benzogquinone derivativesl9 and the mechanisms

of the photcooxidation of sulphides20 and cf 2,5-dimethylhexa-2,4-

diene and 2-methyl-2-pentene.21

oclefins

The ozonloysils of propylene in isobutane, chlorodifluoromethane
and methyl chloride has been shown to give propylene ozonide,
ethylené cozonide and 2-butene ozonide (cis and trans isomers) in
ratlos of 82:16:2. The addition of acetaldehyde increased the
amount of butene ozonide and decreased the ethylene ozcnide, and
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also changed the ratio of the cis and trans isomers of the

former.22

3+ and HOBd and of the radical H03

have been optimised uasing the gradient technigue within the SCF
approximation, and the calculated energies of the different

The gecmetries of the ions HO

isomers compared.23 Far i.r. Fourler spectroscopic studies of
H20 and Dzo isolated in solid noble gas matrices {Ar,Xe,Kr) at 10K
have shown that water introduced intc the matrices at very low
concentrations (1:1000) is present in two forms; as nearly
freely rotating water molecules that have i.r, actlve rotational
transitions below 40cm-l and as inert gas hydrates that
contribute 1.r. actlive intermolecular vibrations between 40 and
lOOcm-l. In solid Nz matrices the freely rotating species are
not present whilst interaction between N, and H,0 gives rise to
intermolecular vibrations located considerably above lOOcm-l.24
A short communication has dismissed the idea that the l1an H.O *

572
could exlist Iin agqueocus sulphuric acid.25

6.2 SULPHUR

6.2.1 The Element
Single crystals of Sl0 have been prepared by the reaction

ZS6 + ACF_.,CO.H + S + 250, + 4CF_ CO.H -ee (1)

3773 10 2 a--2
and used for a structure determination at ~-110°c. The molecule
(1) exhibits D, conformation with bond distances between 203.3
and 208.0pm, bond angles between 103 and 111° and torsienal
angles between 73 and 124.1°,

/\

5

X
S\\S
(1)

510 also forms a molecular addition compound with 56’ 56‘510

(mp 92°C). X-ray structure determination on the addition compound



417

showed that Slo adopts an almost identical conformation to that

described above for elemental SlO whilst that of S6 is also

unchanged from the elemental form. The unit cell of the addition
compound is comprised of alternating layers of 56 and le
moelecules and the vibrational spectrum may be explained simply as

a combination of the S6 and S spectra,

An attempt has been made tclgorrelate the sulphur-sulphur bond
distances and the torsional angles in a series of cyclic sulphur
melecules, The bond distance was found to be a minimum when the
torsional angle was between 90 and 100° and to be a maximum when
the angle was almost zero. The bond distance variation observed
ampounted to 13pm or 6%. Using the enthalpy of formation of

"the height of the torsional cis-barrier wae estimated

gaseous 87
27

to be 24 kJ/mole or less. .
The reaction of SbCl; with CS, at 5°C has been shown to give the
adduct sbc13.sB and not the prevlously reported reaction to
SbSCl3. The adduct slowly decomposes at room temperature to SbCl3
and sulphur. Structural studies at -5°2C showed the compound to be
bullt up from pyramidal SbCl3

relatively short Sb---S contact distances (333 to 3%6pm). The
28

molecules and SB rings (2) with some

SbCl3 molecules form loosely assoclated dimeric units.

Ccl
s s l
\‘ LN
¢ . c1 Sh
s g ~ I c1 cl |
rd - /
\\\;\ st — 1
- - ”
S: 5 - - l
LY ra
4 . c1
3 -2
(2)

Sodium borohydride has been shown to react with sulphur in
ligquid ammonia, and primary, secondary or tertlary amines, toc give
P R3_anNBH3 with hydrogen
evolution. The reaction of elemental sulphur with transition

metals in a low oxidation state 13 known to give a very large

the corresponding amine boranes,

o

number of compounds. In several instances the formation of an 5,

unit is preferred for reaction of Sa. Two such examples are the
reactlion of CpRe(CO)z(OEt)2 with SB to gilve compounds (3) to (5)
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o
cp cp S. C &0 §—=5 o
c
] NS NS B/ \
/Re —— /Rle Re\ /Ri{ ?e\
| 5 ¢’ s s cp
o ¢ \S/ o ¢ Cp O ~g”
o 0
(3) (4) (s)

the atructures of which have been determined;30 and the formation
of (ns-CSM35)2V(n2—52} which maybe prepared by several methods and
has the structure (6).

The gas phase reactiaons of sulphur atoms with alkynes have been
studied by photolysing COS in the presence of CH=CH, CF3C5CH and
CF3CECCF3. The formation and distribution of the reaction
products could be rationalised by an overall mechanism in which the
formaticon of highly reactive primary adducts, thiirene, and
thioformylmethylene, is followed by bimolecular reactions yielding

the principal end prcducts.82

6.2.2 Bonds to Halogens

The pressure dependence of axial-eguatorial fluorine exchange
rates of sulphur tetrafluoride obtained from exchange-broadened
gas phase 19? n.m.r. spectra have been shown to be ccmpatible with
intramolecgular vibraticnal redistributicn rates approximately an
order of magnitude slower than the statistical limit. The



419

temperature dependence of these exchange rates is consistent with
an activation energy for axial-equatorial exchange of 12.1 kcal/

mole.33

The reaction of scme tertlary formamides with sulphur
tetraflucride i1n the presence of potassium flucoride has been shown
to result in the direct conversion of the formyl group to the
trifluoromethyl group, to give excellent yields of the correspond-
ing {trifluoromethyl)amines. The reaction pathway was studied and
the products characterised by spectral methods, elemental analysis
and hydrolysis to the corresponding N(fluoroformyl)amines.34
Reacticon of SF,

the presence of small additions of sulphur chlorides or chlorine

with 1,4-dioxan in anhydrous hydrogen flucride in

resulted in the replacement of several hydrogen atoms in the
dioxan ring by fluorine atoms. The reaction appeared to proceed
via initial chlorinaticn feollowed by the replacement of the
chlorine atams by fluorine atoms.35
The preparation of methylene sulphur tetrafluoride, CH2=SF4 by
bromine-lithium exchange an Br—CHz-SF5 at low temperatures and
subsequent lithium fluoride elimination has been described.
CH2=SF4, a colourless gas (bp -19°%¢ mp -139°C] has an essentially
trigonal bipyramidal structure (7) with the methylene group
occupying an equatorial position and the protons lying in the plane
of the axial fluorine atoms, The carbon-sulphur bond, which is
best desgcribed as a strong double bond with only little ylide
polarity, undergeces numerous addition reactions with polar species
with the formation of cis configurated X-CH,-SF,~Y systems. Less
often observed is the elimination of SF, and the formation of a

4q
carbene.36 .

/ N\

T —
/

F

|

S ===C
I

F

(7)

Sulphuronium ions of the type R—SF4+ may be generated from R-SF
by fluoride ion abstraction using SbFs. Despite using a large
variation in groups for R{(Me, CH= CHz, C=CH} none of the ions were
37 Characteristic 1i.r.
fundamentals have heen obhserved for six tungsten thio- and selenc-

5

found to be stable at room temperature.
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tetrahalides isolated as monomers in nitrogen matrices.38
The crystal structures of the chalcogen halides A2x2 (A = 5,5e
X = C1,Br) have been shown to contaln molecules of the type
X-A-A-X with dihedral angles between £83.9 and 87.4°. Three
different types of molecular packling were observed; 52C12' SZBrz,
or.SezBr2 and BSeznrz, Sezclz.39 The addition of CFBSCl to the
fluorinated nitriles RCN (R = CF3, NSFz, NSOFZ) has been shown to
lead to the formation of N-perfluoromethanesulphenyl-formylimidoyl-
chiorides, CF3s—N=C(Cl)R. The reactlion of SCl2 with CF3CN and
NSOF2CN gave the N-sulphenylchlorides Cl15-N=C{Cl}E (R = CF3
NSOFz) and 1t also proved possible to isolate the oxidation product

CF,CC1,NSCl, and an oligomer of the nitrile (NCNSOF.)}. {(8) the
3 2 2 40 23 =

or

crystal structure of which was determined.

Cl

CF3SC1 + NC—NSOF2 - CF3—N=C’, v (2)
NSOF2
IiISDF2
/c\
3NC—NSOE‘2 - N | N «na{3)

t!_‘ !‘."
- h
F,OSN \N ~ T usoF,

(B)

Analysis of the solid state vibrational and 3501 n.g.r. spectra
of the isomorphous compounds [SCl,][Aucl,] and [secl,][aucl,] has
shown the Aucl4 ion to be conslderably distorted from D4h
symmetry. [TeCla][Aucl4] was found to adopt a different CEEStal
atructure with a less severe distorticn of the Aucl4 ion.

37 Uozclz, UCl6 and UC15 have been

shown to react with SOCl2 to give the campounda UC15.SC12 and
[SC13]+[U015]_ either as single phases or as mixtures cof the two,
but never the adduct UCl;.SOCl,. &an X-ray study of [SC13]+[UC1E]_
showed it to contain isclated pyramidal SClB+ and octahedral UClG-
ions wilth bond lengths S~Cl = 196.2pm, U-Cl = 251.lpm and the bond
angle Cl-5-C1 = 102.340.42 The electronic structures of sulphur,
selenium and tellurium hexachlorides and thelr anions Aclﬁzh have
been calculated, and compared with those of the hexafluorides and
the anion PC.‘LG-.43 Trifluoromethylsulphenylbromide has been

obtained by a new preparative method invoilving the reaction between

The uranium compounds UO
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gaseous bromine and CF38Ag or {CF3S]2Hg. Previously only
bis-trifluoromethyldisulphide (CF3S}252 had been obtained as tgi
gaseous product of the same reaction with the silver compound.

The reaction of (thPN)znscl wlth KI in acetonitrile produces
(thpN}znsI which has been shown by X-ray crystalleography teo
contaln a six-membered 925N3 ring with an exocyclic $-I bond of
length 2.713%, (9).

U H

~ ™

N N

Ph_ l l Ph
P P/,
Ph” ﬁﬁ\lN",’ \\Ph

(3)

The thermal decomposition of (thPN)ZNSI leads to Ph8P4SN6,
spirocyclic compound in which two, almost planar, stN3 rings
share a common sulphur atom {10} .

a

Ph\ Ph Ph\ Ph
A N »’
1k;l'\\P N/S SN p””
7N AR
Ph Ph Ph  Ph
(20)

The geometry at the sulphur atom is approximately tetrahedral
with bond angles in the range 105-113° and the four S-N bonds are
almost equal in length with a mean value of 1.562.45

The salt-molecule reaction technique has been coupled with the
matrix isolation method to synthesise a number of novel sulphur
oxyflucride anions. Reactlon of COF with 502 in argon matrices
gave rise to the SozF ion and using oxygen isotopic data the
egqulvalence of the two oxygen atoms in the lon was confirmed.
Reaction of CsF with thionyl fluoride gave rise to four absorptims
which were assigned to the stretching vibratlions of the novel SOF
anion in C5 geometry, whereas with sulfuryl fluoride gave five

3

product bands which were asslgned to the SO2F3 lon iscatructural
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with the known CiO,F._, species. Identification of this ion

23
supports the claim that pentacoordinate sulphur anions play a
significant rcole in the solution chemistry of 502F3.46 Tetra-

methylsilane has been shown to react with HN(50201)2 in a complex
manner with the nature of the product depending strongly on the
reaction conditions. Under reflux with the silane in excess and
uslng CH2C12 as a diluent the product was the new compound
HN{SOzcl](SOZMe) (equation 4). The compound is formed in high

Me—-5iMe_ + Cl-S0O.NHSO

3 2 2Cl + Cl-BiMe. + Me-S50 NHSO2C1 «an (4)

3 2

yield but is moisture sensitive being hydrolysed according to
eguation (5).47

Me=50,NH50 42'

2 2 NH

Cl + 5H,0 - MeSO + 80 T 3H30+ ... (5)

2572

6.2.3 Bonds to Nitrogen

Polymeric and linear compounds - A new, direct synthesis of
polymerlc (SH)x films has been described. The method which
avolids the use of complex chemical reactions or the dangerous

pyrolysis of S4N4, utilises the fact that a radlc fregquency glow
discharge is a convenlent source for the generation of radicals by
the homelytic cleavage of small molecules in the gas phase., The
4N4 at 70-8000 into a
heliom plasma in a pyrex reactlon vessel which is ccooled by ligquid

preparation involves the sublimation of 5

nitrogen so that the reaction products are rapidly condensed on
the vessel walls. A 10 MHz radloc frequency discharge at a power
level of 40 watts gave a greenish blue film with metallic lustre
which was found to be a mixture of {SN)4 and §,N,. The latter was
separated by washing with CH2C12 tc yield pure (SN)x.4a

The reaction of S4N2 with norbornadiene has been shown to give
C7H8{53N}2 (11) . The molecule conaists of a norbornenyl unit with
two 53N groups attached in an exo fashion at the 2,3 positions.
Both S,N groups possess a cis formation with the bond lengths S5-8
1.9033 and C35-N 1.6413. The molecule exhiblits two strong
absorptions in the visible reglon attributable to the
excitonically coupled w*=-v* transitions of the two S
chromophores.

3N

The reactions of (pentafluorosulphanyl)dichloroamine, SFS-NCI2

with Pcl3, Se2C12 and Se have been shown to give the compounds



423

S
. \
s
\N/
s
1
N 5
\\\S’/’
(11)
SFSNPCl3 and SFSNSeCl2 respectively (eguations 6, 7 and B).
SF‘S-NCl2 + PCl3 - SF5-N=PC13 + PCl5 e (B}
3SF5-NC12 + 2SeZCl2 + BSFS—N=SEC12 + SeCl4 «xe (7)
SF;-NCl, + Se » SF;-N=SeCl, _ +a 0 (8)

Although both compounds are produced in high ylelds they were
found to decompose readily at room temperature.

5F5-N=PC1 + PF

1
3 +Cl, + /n(NSCl)n e (9)

5

28F _—-HN=5eCl

5 ... $10)

+ 2N 5F, + SEC14 + SeF

2 3 4

SFSNCl2 was also found to react with 52C12 or SCl2 to glve
SF-N=SCl, and with SF_N=5Cl, to give SF_N=5=NSF., and to form an
5 2 50 5 2 5 5
adduct with HC].
The reaction of SFSNSF4 with HgF2 at 20-60°C has been shown to

yield HgEN(SF5]2]2 {12) (equation 11}):

2SF NSF, + HgF, » Hg[N(SF.),], eae{11)
(12)

Reaction of (12) with Cl, or Br, gave no reaction at room
temperature and raising the temperature to 60°C led to
decomposition; transfer of the N(SF5]2 group was however possible
with CH,I and CF,SCl according to equations (12) and (13).°%

Hg[N(SFs)z]z + 2CH,I -+ 2CHgN(SF;), + HQI, .o (12)

Hg[N(SFg),], + 2CF;5CL ~+ 2CF48-N(SF .}, + HgCl, e {13)
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Both Me3SiNSO and MeasiN=S=NSiMe3 have been shown to react with

SnCl, to give the 1l:1 adduct (13} in which the sulphur diimide

4
functions as a bldentate liga.ruﬂ.-.-52

(Me)3si Si(Me)3

-~

~c
Cl
(13)

I,
\|/
/l

A significant difference in the S52p binding energy has been
observed between the sulphilimine (14) and its salt (15).

=+ -
Mezs-NCOC6H4N02-p Mezs—NHCOC6H4N02-pC1
(14) (15)

The difference was thought to be due to a higher electron
density on the sulphur atom in (14} than in (135) arising from the
electron displacement effect along the sigma bond between the S+
and N~ atams.53 Both 19F and 13C n.m.r. spectra of the sulphur-
(Iv) diimines, R-NSN-R (R = Ph, C6 5r CBHSS' CEFSS) and the
corresponding N-sulphinylamlnes, R-NSQ, have been measured and
discussed.5

The reactions of N-lithiomethanesgsulphinicacidimide amides,
Me-S(NR)NRLL (R = Bu® or Me,Si), with chlorosilanes and
~phosphanes have heen described. Metathetical reactions of the
amides with chloramethylsilane led to the formation of sulphinic

acid imide amidosilanes, Me-S(NR)NRSiMe3 {equation 14):

? R
]
N N-SiMe
P + o 3 .
Me-sT Li” + ClSiMe, - Me—s-.\ + Licl eea (10
N N
| 1
R R

Instead of forming the corresponding phosphane derivative the
amine reacted with chlorodiphenylphosphane via a sulphur to
phosphorus redox-transamination to giwve N{imincopheosphoranyl) -
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sulphenic acid imides (equation 15).°7
+C1PPh2
Me-5 (NR) NRSiMe ,
~——  Me-5 (NR)NRPPh, ... (15}
Me-S (NR) NRLL —_—
+ClPPh2

Tetrakis{triflucromethylthiazyl), (CF3$NJ‘1 has been prepared
from CF35C1 and Me351N3. The compound has low stabllity, at —30°C
it is stable for a few days, and on standing it oligomerises and
after 7 days at 20°%¢ the melting point is above 180°C (equation

16} :

150 to -30°¢C.

CF,S8CL + Me,SiN, » CF,SN; - (CF 4SN)
[w]
20 ¢, (CF4SN) 4 ... (16)

The addition of F, to CF,SNCO at -78°C leads to the formation of
CF3S(F)N=§éO)F which decomposes at 25°C in the presence of HgF2 to
[CF3SN)x.

Crystal structure determination has shown that the formal S-N
single bonds of the diaminosulphane moiety of (16) are shortened
and differs in length (1.700 and 1.6443}. The bonds of the N-5-N
group to the p-nitrophenyl and -tosyl residues are also a little
shorter than single bonds. The hybridisation of the nitrogen

2 357

atoms of the N-5-N moiety is sp® with a tendency towards sp-~.

H,C

3
50

| 2 i
N N
/
j NO
2
C’/ §~?—H

Hy
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Several papers have been published describing the formation and
crystal structures of transition metal complexes with linear
sulphur-nitrogen ligands. Niobium pentachloride has been shown to
react with trithiazyl chloride in CCl4 suspension to form the red,
moisture sensitive compound ClSNbNSCI (17} . The compound consists
of monomeric units which NbCl5 is bonded to N=5-Cl in a relatively
lcose manner via the nitrogen atom. Bond lengths found were Nb-N

cl

Cl‘\ l ‘/‘Cl
,”Nb‘\
C1l I Cl
N

~
s§—=-C1

(17)

226pm, Nb-Cl 225-234pm, N-S8 ld4pm and N-Cl 207pm.58 The new

sulphur diimides, S(NPButz)2 and 5(NAsBu )2, react with the
hydrido metal complex CpM(CO)3H (M = Cr, Mo, W) ta give 1l:1
adducts which contain a 3 electron acyl-chelate ligand. Only one
of the two PBut2 or AsBut2 ligands becoames coordinated to the
metal and the hydride ligand of the complex is transferred to a
nitrogen atom of the sulphur diimide system. A crystal structure

t
2

determination of the tungsten adduct (18) confirmed the presence
of a four membered metallocycle containing W, Clacyl), N and P.59

.7
/

\‘\

c=0
'C \
-
© By 1 ™~ N, Bu
Bu ... Ve
P

Bu
(18)

Thiazylfluoride complexes, which can be readily prepared from the
corresponding 50, derivatives, have been shown to be suitable
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precursors for the preparation of the thionitresyl ligand in
complexes [(equation 17).

50
[Re (CO) ¢ (SO )]+A3F + NSF — 2, [Re (co) (NSF)]+A5F T + 80
5 2 6 300 5 6 2
-30-C
-.a (17
As in free NSF, a flucride ion can be removed by fluoro Lewis
acids.
0) NSF] TasP_.~ + AsF Re (CO} .NS127 AsF,” (18)
[Re (CO) cNSF] "AsF, AsFg + [Re (CO)NS)] sFe ses

The corresponding hexafluorcantimonate could also be obtained from

Re (CO) (BT and NS+SbF6_.60

+ - ' 2+
NS 'SbFy + Re(CO) Br » [Re(CO) NS]" (SbF, }, <. (19}

Rhenium pentachloride in Pocl3 solution has been shown to react
with (NSCl}3 to glve the chlorothionitrene complexes
[(ClBPO)ReCl4(NSCl)] and [(C13PO)REC13(NSC1)2]. The former reacts
with AsPh4Cl to give AsPh4(ReNC14) and the latter, the complex
AsPh4[ReCl4(NSC1)2].CH2C12, {13). Crystal structure determination
of (19) showed the two NSCl ligands to have cis arrangements with

nearly linear Re=N=S5 groups, wilith interatomic distances

corresponding to double bonds.sl
Cl
cl | Ccl
\\*Re"”
177 179

Pl B .
20757 c1 e ~%00

(19)

The reaction of OsCl5 with (NSC1)3 y¥ields the thiazyl chloride
complex OsCl4(NSCl}2, from which the thionitrosyl complex
AsPh4[05C14{NS)2Cl]] (20) could be obtained by reaction with
AaPh4C1 in CH2C12. A crystal structure determination showed the
two NS groups to be in a cis conflguration and to be essentially
linear with the bond lengths QOs=N 184pm and N=S l46pm. Loosely
attached to one of the sulphur atoms 1s the chlorine atam (S-C1 =

228pm) : in the crystal structure it statistically belongs to both
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s c1
\Ols/
N =" | ~~c1
s c1

(20)

cl

sulphur atoms and it is thought that there 1s a dynamical
fluctuation between the sulphur atcms.ﬁ2

The reaction of AgAst with S(NSO)2 in ligquid SO2 has been zhown
to give a polymeric bis{(sulphinylnitrilo)sulphur complex of
silver(I), [Ag4(S(NSO)2)9][hsF6]4.Soz, containing two
crystallographically independent silver atoms. One silver atom is
octahedrally coordinated by the terminal oxygen atoms of six
S(NSO)2 ligands {21}, the other is unsymmetrically coordinated by
the nitrcgen ateoms of three S(NSO)2 ligands (22). The ligands
bridge the silver atoms to form a polymeric caticnic network in
which the AsF_~ anions and SO, solvent molecules occupy holes

b §3 2
without acting as llgands.
S
o
o) 5
/ N SN N—5
5 s ~ ~ \
A Y
N — 8 \0 ? s Q
| Qw15
N \Ag/ .
\ - \ \
S=—0 ] 0
o ~ S—N
A
V4
s—-n/ \H"'—S N o
§/
o] N
\S/
(21)

The thermochemical and spectrophotcmetric propertiea of some

Ni(II) complexes of some linear tridentateas with one sulphur and

two nitrogen donors have been studied.64
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(22)

Cyclic Sulphur-nitrogen compounds - A new route to the

preparation of cyclic sulphur-nitregen compounds has beéen

described. Faclle syntheses of §4N,0, S N,CO and SN from
6

Ni(Szble)2 were achleved according to equaticn (20}.

SOCL,/NEt N\
’ 1 5=
H H Mo
Lok ;
7 ~
NI cocl s? N\
| Ni | 2 . ] c= ... {20}
N N S
\S/ \S/ \5/
NP Sy
t 1
’ S S
~ g
S,CL, /NEt s

A simple method, the reaction of 52C12 and NH40H in CS2 followed
by crystallisatiocon from diethyl ether, for cbtaining high purity
-S4N2 crystals has been described. The crystal and molecular
structure of S4Né at -100°C was described in full (a preliminary
communication appeared in 1981}.S4N2 has a six membered ring with
nitrogen atoms in the 1,3 positions and the molecule adopts a half
chair conformation with the central sulphur of the trisulphide
unit lifted cut of plane of the remaining five atoms producing a
dihedral angle of 54.9° (23). Of the two types of S-N bonds,
those linking the N-S-N molety to the 53 unit are conaiderably
longer (1.6?62) than those within the N-5-N group (1.5612). The
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S5-5 bonds (2.0613) are thcse expected fcor an $-5 single bond.
MNDO and ab inliti¢ Hartree-Fock-Slater SCF ¢alculations on a
variety of 84N2 structures showed the observed conformation to be

preferred by 6-10 kcal mole ! over a planar configuration.®®

(23)

An independent atudy of the conformation of S4N2 has also
concluded that the half-chair conformation is preferred to a
planar madel. CNDO/2 calculaticons had previously predicted a
planar conformation but the extended Huckel calculations used in
this work were 1n excellent agreement with the crystallographic
study reported above.s?

The reaction of S4N2 with norbornadiene has heen shown to produce
the 1:1 adduct S4N2.C7HB. X-ray crystallographic analysis
revealed that olefin addition cleaves one of the sulphur-sulphur
bonds of 84N, to yield a2 novel elght membered C,S,N, ring (24).
The S-5-N-5-N=-§ fragment of the C,8,4N, ring is planar to within

0.158 whilst the S5-C-C-S unit is folded out of this plane to

produce a dihedral angle of ?4.50.68

N——2S8

if
N
\‘s-———s
(24)

The oxidaticon of the 53N3- ion in acetonitrile solution by
malegular oxygen glves rise to four major producta: S4N5-, S4N50—,
S5N307 and 5;N,0,7. The crystal structures of the (Ph,P),N’ salts
of two of the ions S3N30_ and S3N302" were determined. Theé two
anions both pogsess six membered 53N3 ring structures with
exocyclic oxygen atoms bonded to sulphur and both rings exhibit
gignificant variations in chemically egquivalent bond 1ength§ and
angles (25} and (26). The formation of four ions in the

oxidation of SBNa- poses several interesting and perplexing
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N 8 0
\\H \S'/l\l S"‘*-H
s—"
(25) (26)

questions as to the mechanilism of the reaction. Although not

completely understood the authcors suggest the following scheme.69

o] &) 0O
3 é \S/
N’// \\\N N"’- \\\N o N"/ ‘\\N
| | 25 | | 22 |©|
5 5 ] 5 S S
N oo e
S/N\ O\S/ \
I\ 92 I\ - /A
—_—— N\\N N N
st S/r
Scheme 1

The reactions of SN with halogens, AsF_. and other electro-

3 3 5
philic substrates has been shown to give mixtures of known

sulphur-nitrogen compounds. The major products from reactions

with halogens, COCls, thPCl and CS2 are shown in Scheme 2. AsF

was found to oxidise S,N, to S,N,.AsF., and the major products

with S0Cl, or SO,Cl, were §,N,, S,N *c1” and for 50c1, only,
2 aNgr 545 4

S3N202. 2 2Cl was the main reaction product with Szcl

5

z"
The reaction of norbornadiene with {(triphenylphosphoranediyl)-

aninocyclotrithiatriazine producese the cycloadductPh3PN 53N3 C7H8

The 54N, ring adds’ to C,Hg in an exo fashion via two sulphur
atoms. The 53N3 ring adopts a chair conformation with the three
ligands occupying axial positions on the same side of the ring

zp .t
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Major products from the reactions of S3N3_ with (i) halogens,
{(ii} C0C12, (111) thPcl, and {iv} csz.

Scheme 2
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The reactions of S4N4 with a wlde variety of species have been

reported. With tetrafluorcboric acid diethyl etherate in
methylene chloride solution, 4 4 reacts to give S4N4H+BF4_, the
first simple salt of 5,84+ The structure of the 54N4H cation
consists of a boat shaped B8-membered ring with virtually ceoplanar

72

sulphur atams (29). 54N4 reacts with an excess of VCl4 in

CH2C12 to give a mixture of VC12(52N3} and 52N2.VC14, but with
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TiCl, only S4N4.Ticl4 was obtained. A crystal structure
determination showed VC12(52H3) te conslst of chlorine bridged
dimers (29) linked by additional V-N interactions to form

The six membered V-N-S5-N=-S-N ring was found tc

polymeric chains.
73

be essentially planar.

N —~V—Cl \
/ 53
Cl
(29)

The reaction of S4N4 with some 4-methyl- and 4=-t=butyl-phenols

has been shown to give 2,1,3-benzothladliazoles {equation 21).74

N'—-S
O T L TN O ... 21

In addition to the six membered ring R2P52N3 reported previocusly
and the cyclophoephazenes (RZPN)3'4, two structural isomers of the
elght membered ring R4P252N4 are formed in the reaction of 54N4
with R,PPR, (R = Me, Ph) and Ph,PH in toluene under reflux.

Crystal structure determinatiaons on the phenyl derivatives
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l,S-thP(NSN)zPth and 1,3—(Ph2PNPPh2)52N3 showed the former to
consist of a folded eight membered ring with a cross ring S-S
contact of 2.5278% and the angle between the two intersecting
planes of the ring to be 117.30, (3C¢). The mean endocyclic P-N
and S-N bond lengths were 1.622 and 1.5908 respectively.

1,3-(Ph2PNPPh2152N3 consists of an eight membered ring with
phosphorus atoms in the 1,3-poaitions (3l). The NSNSN unit is
essentially planar and the P atoms lie out and on opposite sides
of this plane by 0.6973. The mean endocycliic P-N and S-N bond
lengths are 1.600 and 1.577% respectively.?5

Ph N Ph
~N_ N7

Ph,/ \\Ph

[} —t —g
n— 2 —ng

Ny
(31)

A redetermination of the structure of tetrasulphur tetranitrogen
dioxide, S4N402, has shown that the molecular structure is
gualitatively identical to that reported by Roesky (2. Naturforsch
Teil B, 31(1976)680) but that the previously assigned space group
Abm2 is probably incorrect due to twinning. The space group is

76 The reactlon of gllver hexafluoro-

now considered to be P21/c.
arsenate (V) with tetrasulphur tetranitrogen dioxide in SO2 has
been shown to give crystals of [Ag(S4N402}i]+[AsF6]-. A structure
determinaticn showed that the silver atom lies S3pm below a square
of four nitrogen atoms and the bisdisphenoidal (trianqulated
dodecahedral) coordination 1s completed by two intramolecular Ag-0
contacts with a mean distance of 3C7pm, and intermolecular Ag-N

and Ag-0 interactions both of 273pm (32). The intermolecular
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interactions thus give rise to a cationic dimer which is centro-
symmetric. The S4N402 ligands are approximately planar except for
the 802 units. Only nitrogen and oxygden atoms attached to S(VI)
interact with silver thereby causing the least disruption of the

. 7
delocalised bonding in the rest of the r1ng.7

S =N
N/ Ng
L] 1
S N
/
Ny —5=—0
\ o
S™N 0 0,
Fa \ . %
N s . S~ N
l LY . '4 "'hs
s N Ag N I
- - LY
N—S . I S, /N
7% o N—§
© \
_ N
0= S
AN
N S
1 ]
S N
\ 7/
N +=——35
(32)

Fluoride addition to the 84N5+ cation in liquid S0, has given
Sq“sF and a crystal structure determination showed it to have the

configuration {;;).78
/’S
n\ .
\ A
L] ! N s
l 5 N~
N
{33)

The thermal decomposition of the six membered ring compound
(pthN}znsx (X = C1,I} to form a spirocyclic compound has already
been discussed earlier in this review (structures (39) and {(10)).
The structure of an intermediate in the thermal decomposition of
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(Ph PN)2NSX (x = NMez) has also been determined. The intermediate,
PhgP N, S, (KMe,) 5 forms a twelve membered ring with a trans NMe,
substituent on each of the two sulphur atoms {34). The endocyclic
5-N bond lengths (mean 1. 5902) are conslderably shorter than the
exocyclic bond length of 1. ?032 which is close to the value
expected for a S-N single bond.

Ph Nre,
t’ — N=§— N-f’
N N
~N
p e N~—S=N~— P
Bh, NM92 Ph,
(34)

The reaction of S4N4 with TlNO3 and HH3 has been used to
prepare Tl 7S4Nge A crystal structure determination showed the

compound to be comprisaed of 1% cations and 83N3 and S4N5
anions.80

The six membered ring ccmpound, Me2NCN382C12, has been prepared

from N,N-dimethylguanidinhydrochloride and trithiadiazindichloride

c1l
Me NH,HC1 Me N—s’\
“~
N—Cc?Z + S3N,Cl, —» N—~—C N .o (22)
~ - ~N Y
Me NH, Me n— s7
cl

The C,N unit lies approximately in the plane of the CNSNSN ring
wilth both carbon atams on the same side of the ring.81 The

reaction of N4S4Sbcl and Cl2 has been used to prepare

N, 3c:l SbCl.~. The bond lengths (in R) of the independent cation
N253C1 are shown in (22).82

Cl

'2 079
a1.607
S'--—..

2.164 1.587
|\

S 5
1.61?\N/l.528

(35)
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The same caticn has been found in the reaction product of S4N4
with Fecl3 in thionyl c¢hloride solution. The product
[53N2C1]+[FEC14]- shows an interaction between one of the chlorine
atoms of the FeCl4 unit and two sulrphur atoms of the 53N2 ring,
this interactlion distorts the tetrahedral coordination about che
iron atom by lengthening the Fe—-Cl bond. The bond lengths found

in this study are given in (251.83

Cl 1.57s6

1.604
2.086
\{ 546

~\~E\i?l.””
\
\ 5<1.586

n %
3-180 L 3,183

c1 c1
N2-182
.215
Fe
-
cl1 \2.133
2.178 C1
(36)

The synthesis of 4-chloro-1,2,3,5-dithiadiazolium chloride (37)
from SCl, and either N-cyanosulphur difluoride imide or
R Si-H=C=N—SiR3 has been described, and the structure of the

3
hexaflucrcarsenate salt determined. The analogous dibromide was

alsc prepared by the reactic:n:84
NaC-NSF, + S,Br, - <O| Br™ + S(Br,F) .ea(23)
N — 8
1.573
s N‘{;317
1.995| c 2676
g 1.573 Na*”

(37

The reaction of cyanogen with elemental sulphur in dimethyl
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formamide at 120°C has been shown to give {(CN) S. The molecule
(38) is almost planar, only one carbonitrile group being slightly

out of the plane of the thiadiazole ring. 85
N N
\ /
c N c
e S \C/
\ /1.697
N k2]
1.621
(38)

The compounds [M(OS,N,) ] [AsF ], where M = Zn or Cd have been
prepared in which the metal atoms are coordinated by six stzo
ligands. The metal atom is bonded to the heterccycle via the
exocyclic oxXygen atom giving a slightly disteorted octahedral
coocrdination. The S3N2 rings have an envelope conformation where
the sulphur atom connected to the oxygen 1s out of a plane formed
by the other four atoms. The AsFG_ group is slightly disordered
in the Cd compound, but considerably disordered in the ZIn
compound.86 The complex (39} reacts with alcoholic solutions of
alkaline hydroxides by double deprotonaticon to the anilon
[Ni(N252)2]2-, but only one proton is removed by reaction with
strong organic bases forming salts with the anion
[Ni (HN,S,) (N,5 )] The structure of the tetraphenylarsonium salt
was determlned.

,f’ \\u
\/ :
N

€.2.4 Bonds toc Oxygen

The apparent molar heat capacities and volumes of agueous
NaHso3, KH303 and 502 have been obtained. The contribution of
"chemical relaxation" {changes in equilibrium state and enthalpy
due to change in temperature) to the experimental heat capacities
of aqueocus SO2 required apecial attention, leading to the
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derivation of a new eguation for calculating this effect.

Standard state values for the heat capacities and volumes of
agqueous SO2 and HSO3- were obtained from the apparent molar
properties.88 Practical equatlicns have been derived for
estimating diffusion coefficients and Onsager transport
coefficients of several agueous solutes subject to hydrolysis.

In dilute solutions where hydrolysis 1s extensive it was found
that the rate of diffusilon of 50, was increased by about 50%
relative to unhydrolysed solute. 9 Large sensitised photocurrents
in acidic¢ medla have been observed for the photosensitised oxida-
tion of 50, at an optically transparent electrode coated with90
poly{vinylpyridine} coordinate2 zinc{II} tetraphenylporphine.
The electrochemical hehaviour of S0,
illuminated p-type semiconducting Si, WS

has been investigated at
2 and InP in CH3CN/-
Bun4NClO4 solutions, 802 is photoreducible at each of these
materials to form 82042_

photoelectrochemical reduction at all three photoelectrodes was

and preparative, controlled potential

demcnstrated to give >9%90% current efficiency for formation of
52042_, which was precipitated and collected as Na25204.91 50, has
been used as an oxidiser in the reaction of Zn(SOz)n(AsE‘G}2 and
tetraphenyldiphosphane to produce Zn(OszPh4}3(AsF6)2. When
Zn(S0,} (AsF;), is treated with P[0=P(OMe),], in liquid SO
Zn|P (0=POMe,) ,],{AsF.), is formed and its structure was

determined. The metals Mg, Cr, W, Fe, Ni, Cu, 2Zn, Hg, Al, Sn

2I

and Pb dissolve electrolytically in the mixed non-aqueous solvents,
SOZ-DMSO, ~-DMF, =acetonltrile, -acetone, or -nitrobenzene to form
golutions containing several sulphur anions. Reactions of Mg, Cr,
Fe, Cu and Zn with DMSO--SO2 gave pure single products of metal
disulphates.”>
An ab initio study has been carried out on the complex formed
between SO, and HF. The most stable geometry (-5.2 kcal/mol
relative to the non-interacting molecules) was found, as expected,
to be with the HF linear to the 5-0 bond with a separation of 1.8%.
Calculations of the electric field potential surrounding the S0

were also performed.94 The thermal decomposition of

2
Ce2(303)2504.4H20 has been shown to take place in several stages
(equations 24 to 30). A thermochemical cycle for splitting 50,
into sulphur and oxygen was described in which sulphur and/or
oxygen and/or cerium all change oxlidatlion state in four different

reactions. 35
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400-800K

Ce, {S03) ,50,.4H,0 + Ce, (50;),80, + 4H,0 .0 {24)

Ce, (50,),50, + Ce,0,(S05),_ .80, + XSO, ... {25)

(X <0.1)

800-850K

Ce2(SO3}2SO4 > C920{504)2 + %82 + &802 s {26)
800-850K

Ce, (S04} ,50, + Ce,0,50, + 250, ee s {27)
850-1C00K

Cey,0(S0,), + CedS0, + Ce0, + SO, ... (28)
850-1000K

Ce,0,S0, + 2Ce0, + SO, .aa (29}
1000-1200K

Ce050, + Ce0, + 50, + %0, _ ... 1{30)

The reactive characteristics of the oxyanion radicals of
sulphur, 502-, 803- and 304_ towards a number of organic
substrates have been investigated by use of the rapid-mixing flow
technique coupled with E.S.R. The 502_ was the only ion able to
reduce arcmatic nitrc compcounds to the corresponding anion
radicals, but did not abstract hydrogen from saturated compounds
ner add to the unsaturated compounds. 503- could add te compcunds
having a C=C bond but did not abstract hydrogen from saturated
compounds . 504_ abstracted hydrogen from saturated compounds and

also could add to the unsaturated compounds with a C=C bond.96 In

the presence of tetraethylammonium icon, 502_ undergces reversible
dimerisation. When the counterion is the tetrabutylammonium ion a
different mechanism was observed consisting of the reversible

association (equation 31) followed by reaction (32):
s0,  + 50, ¥ (50,7)S0, «er (31)

l502 )502 + 502 + 028-502 + 502 -+ {32)

Reaction (32} could either be an electron tranazfer or the

displacement of SO2 by 502_.97
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Solubility and freezing point data have been presented for the

system S0,-N methyl-2-pyrrolidinone (NMP). The enthalpy and

entropy o% sclution were found tc be -33.7 kJ/mcl and -94.6 kJ/-
mole respectlively. The freezing point dlagram indicated the
formation of 2:1 and 1:1 NMP:502 complexes, N.m.r, and Raman
spectroscopic data suggest an overall shift of electron density
from the nitrogen and carbonyl carbon of NMP tc the oxygen of 802
with a weakening of the CO bond cf NMP.QB
3203.503 and B203.2503 have been prepared by heating boric acid in

liquid sulphur trioxide at different temperatures.99 Infrared and
11

The chemical compounds

B n.m,r. studies showed the molecules of both compounds to
contaln SO4 and 503 groups together with distorted ]3':)‘1
tetrahedra.lo0

chromium has been determined. The sulphur dioxide is n'-coplanar

The structure of pentacarbonyl({sulphur dioxide) -

coordinated with a Cr-S distance of 219pm, the shortest bond rep-
orted so far between Cr§ and sulphur. The Cr-C axial bond was
feund to be only marginally shorter than the Cr=-C eguatorial bonds
2.101 The
fizst structurally characterised three coordinate bi(phosphine)-

Pt¥-sulphur dioxide complex, Pt {PCy,},S0, (40), has been
102

providing proof of the high w-acceptor capacity of S0

2
described.

o o
1.165\ yd
71,461
P 2.303/,//’
AN 2.299

Pt
\2.304
P
(4Q)
Thiogollowing phaselgﬁstems have been studied, 3;02—50 ~HCl-
H20; KZO—V205—SO3, SOClz-VOCl3 and 502C12—V0C13.10

Ab initio calculations have been performed on the sulphite and

hydrcgen sulphite ions, HSO3 and 5020H. The mechanism behind the
shortening of the S-0 bond in HSO3_ as compared with 5032_ was
confirmed to be a transformation of an antibonding into a non-
bonding orbital upon protonation. The isomers HSO3_ and SOzoﬁ-
were found to be of comparable energy. The very long 5-0H bond

{1.7168) found, indicates the system to be assembled from
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comparatively weakly interacting specles of 50, and OH-.lO6

The gel crystallisation technigue has been used to obtain single
crystals of the hitherto unknown Na,Mg(S50,)},2H,0 from Mg(HS50,)},
solutions saturated with NaCl. The crystal structure contains
Mgos octahedra connected by sulphite bridgeiogorming chains which
are held together by strong hydrogen bonds. Single cryatals
cf the anhydrous sulphites BaSO3, CdSO3I, PbSO3 and Na2Cda{SO4]4
and the previously unknown sulphites CdSO3(II}.and Cdiga(III) have
alsc been prepared by the gel crystallisation method. The

crystal structure of orthorhombic PbS0, has been determined. The

3
sulprhite ion has S-0 distances of 149.4 and 153.7pm. The Fb-0
distances of the edge connected PbO7 pelyhedra (distorted mono
capped trigonal prism) range from 253.4 to 284.8pm (41l). The

structure is clcosely related to that of PbSO4.lOg

Mgl,, Fel, and CuI have been shown to react with tetramethyl-
ammonium disulphite to form Mg and Fe anhydrous sulphites and
cuf{l) disulphite'respectively. Iron{II) sulphite and coppexr(I)
disulphite react with DMSQ-50, to form iron{(II) disulphite and
copper (IT) disulphite.llo Structural studies on KSIHSOB)jszos)
showed the disulphite lon to have CE symmetry and consist of a
thionite and a thionate group linked by an S-S5 bond of 2.226%.

The $-0 distances are 1.489% in the thionite group and 1.462%8 in
the thicnate group. There are three crystallographically different
HSO3- ions in the cell with average S-0 distances of 1.419, 1.451
and 1.4458 respectively. The hydrogen atom is bonded to the
sulphur atom in all three HSO. 1ions with H-S5 distances of 1.31,
1,16 and 1.168% respectively.l 1 A new clase of basic sulphites of

the tvpe NaMon(SOS)zﬂzo, wilth M = Mg, Mn, Fe, Co, N1 and Zn have
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been prepared by crystallisation from agueous sulphite solutions
containing Nat and M2+ lons. These hydroxide sulphites show a
strongly aniscotropic thermal expansion due to the presence of a
layer structure and exhibit an unusually high thermal stability
compared to other solid hyc‘lrates.ll2
The autoxidation of sulphite 1s the firgt well known chain
reaction proceeding through free radlcals in selution. It has
been found that the formation of sulphite radicals in photo-
initiated autoxidaticn of sulphite, which is a metal catalysed
reaction as well as the classical thermal reaction, is due to the
absorption of photons by ferrisulphite complexes rather than the

sulphite itself. The reacticn scheme proposed is shown in

eguation [33).ll3
i ol3- [ o )3-
y e
_.S /,s
o9\ o 7 N
N 0 0
ovs” “re " hv =s” Spe— thermally
~ /l T O N S (o} -
o7 5 0
N/ E;/
R
| \o_I | C)/’ \‘04
0\ 0\ 2- o
0+5:: Fe”  5-0 + oes” .. (33)
o o7 ™o

Convincing evidence that the red adduct which is formed in the
Boedeker reaction contains the M(N{O]SO3] molety has been obtained
from a study of the reaction of 5032- with trans[RuCl(py]4(N0)]2+
or cis[Rux(bipy)z(NO)]2+, X = Cl or Br. The adducts formed in the
reactions, [RuCl(py}4(N(0}SO3)] and cis[RuX(bipy), (N(0)S05)] beth
contain identical N(O)SO3 ligands. This hitherto unknown ligand
is coordinated to Ru(IT} via the nitrogen atom and has a long N-S
bond (1.828) (42) .14

O..1.21 0.1.42
\\‘~N 1.82 S{fff;
1.9
Ru.’ﬁy/ ‘\“o
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Electron density distributions have been calculated using the
IND/2 method for S-0 and O-0 bonds 1n the persulphate lon for the
two different 0-0 bond lengths of 1.5 and 2.03. The results of
the calculations show that the electron density 1s lowest on the
-0=-0- bond which is in accordance wlith experimental data, leading
to the conclusion that the homolytic cleavage of the -0-0- bond in
52082- is the more probable.l15

Interest in energy storage systems has led to a study of the

reversible reaction (34) where M is Mg, Zn or Ni. The aim of the
4 .
MSO4 MO + 503 (SC)2 + 502} voa (34}

gtudy was to determine the experimental conditions for the
backward reaction and to know the effect of cycling on the overall
performance of the cycle. Experiments carried out in a fixed bed
reactor showed that SO3 has to be used in preference to 502 and

cycling was shown to decrease the reactivity of the oxides towards
503.116 The reactions of sulphide and of five sulphur oxyanion
s5alts (Na2803, Na28205, K25205, Na25203 and K25207) have been

studied by themselves and in molten L12504—Na2504-K2504I eutectic

under nitrogen, with air, Soz, 803 and coz and with acidic, basic
and reducing solutes. The sulphur containing products were
elemental sulphur and sulphate, although sulphur oxldes were

sometimes evolved and a number of intermediates formed

(Scheme 3).117
S + SO, + 250 %"
2 4
2_
a— 4504 ) I 5,07
=ls} — 45_0
4 == 277 ae oo
40 s + 3504
4c1”
—_——-—3= 45 ———3» polysulphides
2C1, + 450,%” + 4502~
2 4 3
4
450\ 2=
2 45,0,
25 + SO, +80. + 450,° w—45.0_2"
2 2 4 2¥s

Schemsa 3



445

A series of Raman and near infrared absorption spectra of molten
K28207-KHSO4 mixtures at 430°C under an equilibrium vapour pressure
of water have been measured. The spectra could best be
interpreted by the presence ¢f the three species involved in the

temperature-sensitive equilibrinm (35). The structure of 52072_

2HS0,” * 8,0.°7 + H

4 20 50 .e. (35)

in the melts was found to be most probhably sz whilst HSO4_ wasg
presumed to have Cs symmetry. No Intermediate compounds were
observed and the presence of hydrogen bonding between the specles
was thought to account for the previously observed low vapour
pressure of water.l18

Several papers have been published concerned with physico-
chemical aspects of sulphate systems. The order-disorder phase
2594
investigated and kinetic and structural studies on the compounds
KNaSO4 and K3Na(SD4}2 reported.ll9 The electrical conductivities

of the latter two compounds in the pure state and doped with Cd2+

transitions occurring in the Nazsod-K system have been

and Gd3+ have been measured. High ionic conductivity values were
120 Studies of the order-
disorder phase transitions and electrical conductivity of the

observed in the high temperature phase.

Na2504—AgZSO4 system showed that the lower conductivity of Ag,S50,
with Na present relative to pure Ag2804 could be attributed to
lattice contraction.lzl With the aim of developing useful solid
electrolytes for 502 detectors, a study has been made of the
electrical and thermal properties of Na2504 doped with Navoa,
Eu2(504)3 and Pr2(804)3. Europium sulphate was found to enhance

the electrical conductivity of Na_ SO, and the other twe sulphates

2774
were found to supress the phase transformation in Na%sod.lzz The
pyreelectric propertles ofLiKSO4 have been studied.l 3 Laser

interferometric galvanostatic studies have been carried out in the
Zn/ZnSO4/Zn a{gzem with gelled electrolyte short-time
electrolysis. Phase systems inveolving sulphates which have
been investigated are collected together in Table 1,

An infrared spectroscoplc study has shown that AgBr and AgCl
crystals take up small concentrations (up to 0.0l moles) of
sulphate or phosphate lons 1f prepared from melts of Agzso4 or
Ag3P04. Spectroscopic evidence showed that the excess charges of

the tetrahedral guest lons are compensated by interstitial silver
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Table 1. Phase systems inveolving sulphates
System ref. System ref |
NaCl-Na,SO ,~Me,CO-H,0 125 | KC1-Li,50,-NicCl, 129
3+ 3+ + 2-
HEO,=M,50 ,~H,50 ,~H,0 126 | Al”",Ga”" + H |[s0,” ,H,0 130
M = Na,K,Rb,Cs or NH, Ga t, 3" + H+|ISO42—,H20 130
3+ 3+ 2=
AL (NO,) 3=Al, (S0,) 1=H,0 127 | aL” ", In" " | |50,  ,H,0 130
Gd(804}3-(NH4)2504—Rb2504—H20128 KV0,50,-K,50,~H,50,-H,0 131
C32304-0d2(804)3-(NH412504—H20
128
132

ions forming complexes with sulphate or phosphate ions.
A comparative analysis of the infrared spectra and crystal
structure show that the water molecules in Caso4.2H20 form one
coordinate and two non equivalent hydrogen honds: a stronger one
with an oxygen of the 804 group of the layer where the Ca2+ ion is
situated and a weak one with the oxygen atom of the next layer.
In the ¢ and B hemihydrate structures the water molecules are
connected by a coordinate bond and only one hydrogen bond analogous
to the stronger bond of the dihydrate.133 A crystal structure
determination of the calcium sulphate subhydrate Caso4.0~8H20
showed that chains of alternating Caz+ and 8042_ icns form the
framework of a tunnel structure in which four water meolecules are
randomly distributed over five positions and the Ca2+ lon is
surrounded by six sulphate groups and one water mclecule.134
(H30)28b2(804)4 has a polymeric structure with sheets in which
—-5b-0-5- chains are linked together by sulphate groups.l35 A
study of the chemical transport reactions of anhydrous metal
sulphates has shown that it is possible to prepare well formed
single crystals of CuSO4 and Cuzoso4 by deposition Erom a wvapour
phase, Cl2 and HgCl2 were found to be suitable transporting

agents for CuSO4 but HC1, NH4CI and I2 were less satisfactory.

chl2 proved to be a good transporting agent for Cu20804.136 The
crystal structures of monoclinic nickel sulphate hexadeuterate137
and Th[504)2.BH2013B have been determined. The deformation

electron density in Mg5,0,5.6H,0 has been evaluated from a

combination of X-ray and neutron diffraction data.139 The
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140

conditions for the synthesls of caesium tantalum sulphates and

the behaviour of anhydrous lanthanide sulphates and double lithium
lanthanide sulphatel41 at high pressures have been described. The
thermal dehydration of sodium thiosulphate pentahydrate when
heated in air to 3006°C has been studied. Dehydraticon is
accompanied by fusion of the compound at 65°C and takes place in

the temperature range 30—185°C.142

180 labelling has been used to follow the reaction path#ay for
the nuclecphilic oxidation of sulphoxide by a persulphoxide
intermediate. The possible pathways are shown in Scheme 4 and the
labelling experiments clearly showed that route A was the pathway

followed. T43

Me,S
102
CD, ®
+ (cD,) ;S8 + | 4
[Me,s-0-0] > [Mezs—o—m?—o] — Me, S0 + (CD3)2S§
o
o,
C B
- _0\
[Mezs_‘“ /S(CD3)2]
. ®
SO + k(C ¢ ’
kMe, ( n3125§ + %Mezs§ + %(CD;) ,50
) 0
s - %

Scheme 4

A complete structure-reactivity study has been carried out for
both kinetice and equilibria in the transfer of the sulphate group
(-803_) betwaen pyridine and phenols in agqueous solution at
25°C.144 Vibrational assignments of the polarised Reaman spaectra
of single crystals of NaH2503 have indicated that there isg no
water of crystallisation, the hydrogen bonding is extremely weak
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and the strength of the N-5 bond is stronger than in sulphamic
acid.l45 Two new oxidising agents, triflucrcmethane and
nonafluocrcbutanepersulphonic acid have been used to prepare
several new perchlorinated and perflucorinated 1,3-dlthietanes
which are partially oxidised at the sulphur atoms, pyrolysis of

the 1,3-dioxides (43 and 44) leads to the formation of sulphoxides

of the type XZCSO (X = C1,F) respectively.146
/O
o ’P
C12<:ﬁ:>012 - C12C=S > C12C0 + 3 ... (386)
4?
Q
(43)
O
S‘ér P,
S
v
&)
(44)

Complexes of the type M(NH3}5{0502CF3) (CF3SO3)n have been
prepared for M = Cr(III}, Rh(IIT), Ir{(III}, Ruf{III} and Pt{(IV) and
are considered to offer potentlial as versatile synthetic
intermediates, 1%’ Reactions of the cyclic systems [NP012)2
and NPC_lZ(NSOX)2 (X = F,C1l,Ph) with NH, in diethyl ether or

acetonitrile at low temperatures provide convincing evidence that

NSOX

the P-bonded chlorine atoms are replaced by NH2 groups along a
geminal pathway without disruption of the S-F and S~Ph groups.
The nitrosodisulphonate ion, <ON(SO,) 2-, has been found to

smoothly oxidise Fe(CN)64- to Fe(CN) .”~ and H,0, to O, giving
HON[SOB)zz- in both reactions.149 The reactions of perfluoro-
alkanesulphinates with halogen and halogen acids, and a new

method for the synthesis of perfluorosulphonic acid have been
described.l50 The deiodo-sulphinatiocn (the conversion of R_I to

£
Rg~S50,K in one step) of perfluoralkyl iodides has been studied.lsl

148

6.2.5 Sulphides

A Raman spectrometric method has bheen used for in situ identifi-
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cation of the H-S stretch in high pH sclutions of HZS and for
estimating their concentrations. The observed spectrum for a

8.9N NaOH solution containing ©O.6M H,S and 0.1M NaClO4 showed that
virtually all sulphide was in the form of bilsulphide. This data
was used to determine the second dissociation constant of st, the

152 the internal

value found, 171 was the highest yet recorded.

energy effects and the energetics of the ion-molecule reactions,
+ + + + +

st + st + 5,5 + 2H2, H52 + H2 + H, HBS + HS, and H352 + H

have been studied by photoionisation of hydrogen-sulphlde dimers

synthesised by the molecular beam method.153

Tritium 1scotope
fractionation in the exchange reaction between methanol and
hydrogen sulphide has been studied in the gaseous phase over the
temperature range 283-373K. Investigations of the icnic
transport properties cf sclid CcaS have been carried out. The
observed dependence of the conductivity with the sulphur partial
pressure is explained in terms of a Schottky type defect model for
CaS.155

The egquilibrium vaporisation of CuInsS, has been studied by
Knudsen cell mass spectrometric techniques in the temperature
range %02 to 1110K. CulnS
conditlions according to the reaction:

2 decomposes under steady state

2CuIn52(s) > Cuzs(s} + Inzs(g) + Sz(g) ... {38}

The enthalpy of formation of CuInS2 was calculated to be &Hozge =
-221.713 kJ/mole.l56

Extended Hickel calculatlons comparing the valence electronic
structures of BBSIG and the isostructural but not iscelectrcnic
porphine, and ©f the Cu complexes of these two macrocycles,
indicate that the BBSlG complex may have a stability (relative to
free ligand and metal ion) that iz comparable to that of the
porphine complex.158 The crystal structure of the spinel ZnA].254
{obtained by chemical transport reaction at 7400C) has been
refined. The cation distribution corresponds to the normal spinel
structure, the fractlon cof tetrahedral gites occupied by aluminium
icons being smaller than 0.02.159 The quasibinary systems
Zn,_,Ca Al,5,, ZnAlz(l_x)Gasz4 and Zn31254(1_x)594x have been
studied. In the spinel Zn312$4, up to 20% of In atoms can be
replaced by C4d, in the other two systems; ZnAlzs4 has no

detectable homogeneity range. The thiogallate phases have much
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broader ranges of homogeneity. At 950°C, ZnA12$e4 undergoes a
reversible phase transformatlion to a wurtzite type phase and this
same type of transition was alsc observed for solid solutions,

ZnAl 54{1 x) with x =1 to 0.3.160 Structure refinement has

also heen carried out for the spinel CdGa254.161

Crystal
structure determinations of Ga25n255 show that the structure 1s
essentlally bullt from alternating sheets of (Gas4)n tetrahedra
and sheets of (Snzsll)n. The GaS4 tetrahedra are linked in groups

of two, sharing thelr opposite edges. The Sn,S unit has the two

2711
tin atoms in different environments both of which are very
asymmetric.l62 The new compound BadGaqs10 crystallises in the

space group C2/c and has a structure in which there are
108_ anions (45} isosteric to the neutral
P4510 molecule. The Ba2+ ion 1s coordinated by seven sulphur
163
atoms.

adamantane-like Ga4S

\ \ s
/ s\'<Ga<
\\\\ Ga’/’

N / s

(45)

The crystal structure of KInSS8 shows the indium atoms to have
four and six-fold coordination and the potassium atoms to have six
foldprismatic coordination.164

The charge distribution in some lead chalcogenldes has been
studied by X-ray diffraction methods. &All form the NaCl structure
and the results suggest a predominantly covalent bonding.165
Potenticometric titration of 0.0OlM solutions of Nassizss.
NaGSiZSeS, NazGezs6 and NaGGezse6 in methanol with bromine has
been used tec determine thermodynamic data of reactions which take
place by scission of the S5i-5i or Ge-Ge bonds. The bond energiles
of these homonuclear bonds were eatimated.l66

Red and white phosphorus are oxldised by agueous solutions of
alkalipolysulphides to gilve mixtures of thiophogphates containing
phosphorus in different oxildation states. Some novel thlophos-

phates were isolated from these mixtures and possessed chains or
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rings of directly connected phosphorus atoms. The reaction of
P4S3 under the same conditions alsgs%ed to the formation of
thiopolyphosphates with P=P bonds. Gasecus PSCl has been
prepared by the reaction of sllver with PSCl3 at about 1100K, and

34

isolated in an argon matrix at 15K. The use of S enriched

samples showed that phosphorus is the central atom in this
molecule which has an S5-P-Cl angle of approximately 1100.168 A
mass spectrometric study of the above reaction gave the heat of
formation and entropy of PSCl to be -11.9 kJd/mole and 285.93 J/K.

mal, resPectively.169

The molecular structures of S(PF2)2 and
Se[PF2)2 in the gas phase have been determined by electron
diffraction. The parameters r(P-3) = 213.2pm, P5P = 91.3o and
r{P-Se) = 22?.Bpm, P-Se-P = 94.6O were obtained. The structure of
PFz{SMe) was also determined; three conformations fitted the
observed data almost equally well but the most favoured structure
has the PF, group twisted 106° away from the position in which the

C-S bond lies anti to the bisector of the FPF angle (ig).lTo

H—2C

IF

w 102.0° P// F

s

208.5

(46)

Pure forms of the A483 molecules with the compositions
PAs, .53 and PyS5e3_4 {(x =1,2,3 and 1,2 respectively) have been
isolated by high performance liquid chromatography on an RP-18
column (solvent CS; eluent methanol/water}.l?l The reaction P453
with IrCl(CO}(PPh3) in benzene at 60°C gives the air stable, and
practically insoluble complex [Ir)P483](PPh3)Cl(CU)]. X-ray
structure analysis showed the compound to be a dimeric iridium(III)
derivative, the P3 ring of the P4S3 molecule having opened and
ocne PPh,; group per metal centre being displaced (47). The crystal
structure of o.-P4S3 has been investigated as a function of
temperature fraom 4K to 309K by X-ray and neutron diffraction. ©No
phase transitions were observed below 314K and the temperature
varlation of the intramolecular distances is negligible, although
the intermolecular distances change significantly indicating that
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173 The structure of a second form

the P4S3 molecules are rigid.
of Ag4P256 is the same as that of Ag4P SeG' with the sulphur atoms
ad0pt1ng an approximately hexagonal close-packed arrangement and
the PZSG 4= groups forming almosi?ﬁlanar layers which alternate
with docuble layers of Ag ions. T1,P,5, has been shown to
consist of discrete stsz- anicns (48) in the form of a
hexathiometadiphosphate group where the two P atoms are linked by

two sulphur bridges.l?S

s

. e 4
BN

(g)

The 872_ anion has been obtained by the reaction of Mosgz- with
an excess of the sodium salt of the diethyldithiocarbamate ion in
acetonitrile solution. A structure determination of the tetra-
phenylphosphonium salt of 872- showed the ion to be a right-

handed non-branched helix (49) with very short terminal S-S bonds.

S

2.062 5..2.037
s 1.930

s 1.995

= s
=
\\\\\ /’5’;62 7
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The torsional angles in the chain are S(2)-5(3) 73.28, S5(3)-5(4)
74.41, 5(4)-S(5) 65.22, S(5)-5(6&} 79.860. The salt dissolves in
peolar solvents to give blue solutions with abscerption bands at

610, 470, 345 and 304nm.l76
phinic acid (530} and of dicyclohexylthiophosphinic acid have been

The structures of dimethylthiophos-

determined at 140K. Both compounds have unlt cells contailning
two molecules which form centrosymmetric dimers by nearly linear
0O-H...S5 hydrogen bonds. The 0...5 bond distances are 3.121 and

3.1488 respectively.>’’

Me\P/
He//, \\\S

O-—H.......S\P/Me
/\He

renrawssH=0

(50)

Hydrothermal synthesis in the system T1 S—PbS—Agzs has been

used to prepare single crystals of the nei compound SleAs3SE.
The lead atom is coordinated by seven S atoms (Ph-S5 = 3.0743) to
form infinite PbS3 layers. The Tl atom is coordinated also by
seven sulphur atoms {(Tl-S5 = 2.300&) to form infinite TlS5 double
chains. The As atoms are bonded to three sulphur atoms forming a
trigonal bipyramid with the arsenic atom at the apex. The

pyramids are connected to form A56512 groups (il).l78

s s s T8 - .8 s s
\As/ \As/ \As/ \As/ \As/ \As/

1 1
s s ~g s Ns
{(21)
The crystal structure of T1,{Sb,As}..S contalns AsS. and Sbs
2 10716 179 3 3
pyramids together with Sbs5 coordination polyhedra. TleS2 has

a structure built up from sheets formed by SbS4E trigonal
bipyramids linked together. The Sb-S bond lengths llie in the
range 2,41 to 2.963. The sheets are linked together with weak
T1...5 (3.50-3.668), Tl...Sb (3.60-3.73%) and T1...T1 (3.62%)

interactions.l80 The structures of Pb25b255 and Snzsbzsslal and

of two forms of BaBLzs4182 have also been determined. The

following Main Group element-sulphlide phase systems have been
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studied; Ge—S—T1,183 Gag-pbs and Gas-pb, %4 BiF3-Bizs3,185 and

SbF3—Sb253.186

Polytypic Til+x52 {x = 0.25 to 0.33) has been studied by
electron~ and X-ray diffraction. Ordered titanium atams and
vacancies were observed with superstructures resulting from infra-
and inter-layer order found for the composition Til'3252.18?
Reaction of VCl3 with 1,2-ethanedithiolate gives the binuclear
comp lex [V2[SC2H45)4]2 which 18 the first vanadium-sulphur
compound in which the ligands have "pure thiolate character”.
The metal atoms in the dinuclear anion (52) are symmetrically
bridged by the sulphur atoms of two 1,2-ethanedithiolate ligands
in such a way that an almost square arrangement of sulphur atoms

results.lBB

c—cC
Y
C/S\ /><\ /s_\_c
I v v |
‘s ~ \\:jxqf/f \\“\sgaf
S 5
Nl

The unprecedented and unanticipated structures of (PriCp)2VZS4
and the acetylene adduct of Cp,V,58, have been described. The two
[PriCpJV moleties (53) are bridged by an u—n‘---S2 and two p-8
ligands with average V-S5{u-S) and V—S(52) distances of 2.21 and

2.273 respectively.189

5 —_—V S

S——V-——""S
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The X-ray structure of the red diamagnetic complex,
[V(CD)3diphos]25 reveals a centrosymmetric molecule (54} with very
short V-5 distances (217.2pm). Values for comparison are not
available since thils is the first carbonyl vanadium coampound
containing sulphido ligands but in other sulphur containing

compounds V-5 distances are always greater than 230pm.190

The thermal decomposition of molybdenum trilsulphide has been
followed using EXAFS.lgl
[Cotwsa)z]n_ with variable electron population n = 2,3, have been

The hetero metal sulphur aggregates

isolated as salts and characterised by various physical methods
including X-ray structure analysis. Experimental and theoretical
investigations show that due to a strong metal-+ligand electron

2= like Mosdz—
that the additional charge upon reduction is located mainly at the

sulphur atom.192 The structure of 3c-type FETSB' grown by vapcur

93

delocalisation, WS4 is a non-innocent ligand and

phase transport has been reexamined. The mixed valency

compound Na;Fe,S, wWhich is formed in iron=—-sodium polysulphide

melts, 1s oxidised and hydrated in air to NaFeSz.xﬂzo where x 18

194

approximately 2. Salte previously reported to contain the

iron-sulphur cluster nitrosyl anion Feasz(NO)S- have now been
shown to be identical with those containing the well known anion
Feqsa{NOJ7-.195 _
New syntheses of F3252Cl42-! and Fe20C162- and terminal oxo/

sulphido ligand substitution reactions have been devised using the
reagents (Me Si)zs, NaSSiHe3 and NaOSiMe3 in acetonitrile
solutions.19 The compound NaGCos4 has been shown to be 1isotyplc
with NaGZnO4 and to contaln almost regular 0054 tetrahedra with
average Co-S5 distances of 235pm.197 Members of the systems
Coy_y Ru S, with x from O to 1 and Rh; _Ru 5, with x fram 0.5 to 1
have been prepared and their crystallographic and magnetic
properties studied.198 The nickel sulphide Nil7sla

199

shown to have a vacancy ordered superstructure of the NiAs type.

has been
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The compound [(tripheos)Ni (u-8,}Ni{triphos) 1 clo,
be a novel nickel dimer bridged by two sulphur atoms in whlch the

has been shown to

N1252 bridging framework is crystallographically planar with a
Ni-Ni distance of 3.865% (35). Since the 5-5 distance of 2.208%
indicates a weakened bond, the structure represents a rare
example of a n? binuclear ligand that is coplanar with the two

metals.zoo

P s P

g Sl

5 “-Saﬂ’ ~5
(55)

The tetraethylammonium salt of Ni(S4)22_ has been 1sclated and
its crystal structure determined. This is the first binary
nickel-sulphur complex and the flrst complex to contain only 542_
ligands (56).

|/\ /\Izon
\/\2135 .

073
(56)

The anion has point symmetry D, and exlste as a gpirobicycle in
which the central nickel atom is surrounded by an approximately
square planar array cof four sulphur atoms.201 n¥-Allyl or
n3-methallyl—n5-cyclopentadienylpalladium reacts with hydrogen
sulphide at ~78°C with selective cleavage of the cyclopentadienyl
group te give the dimeric thermolabile n?*-allyl or n’-methallyl
hydrogensulphidopalladium compound (57) which decomposes at
temperatures above -60°C to palladium sulphide and propene or

isobutene.zo2

@Pd}>—n + H,8 -—pR—<Pd/ \Pd >—R
3
(57)
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The reactions of (57) to give mono and bimetallic polynuclear
n*-allyl metal-sulphur complexes of nickel have also been
studied.203'204

A radiochemical method for analysing the adsorpticn and
desorption of sulphur on polycrystalline copper has been

205 Crystalline {3—methylpentane—3—thiolato)silver has

described.,
been shown to be one dimenslonally nonmolecular. Silver and
sulphur atoms constitute the cores of chains which are
approximately linear and well separated from each other by the
alkyl substituents that radiate from the chains. Each chain
contalns two separate strands comprising approximately planar
zig-zag S5-Ag-5-Ag-S5-Ag-5 segments which are connected at their
ends by single Ag atoms linking segments on one side of the chain
to parallel segments cn the opposite slde of the chain.206
SCF-xa-SW calculations have been carried ocut on the model
compounds [M(Xz}(PH3}4]+ (M = Rh, Ir, X =8, Se) 1in order to
lnvestigate the electronic structure and bonding in complexes of
side-on-bonded disulphur and diselenium. In agreement with
experiment the calculations predict a bond order of about 1 for
the X-X bond and reveal that the M—xz covalent interac;ign

2 <IrSe2 <Rh52 <IrSz. Using
NaSH, NaSeH or NaTeH as substrates the rhodium complex (gg] was

prepared in good yield.208

W ©

increases along the sequence RhSe

Rh Rh H
~
HE3P o l CH, i_-"Pr3P - | \C=C/
E =5, Se or Te E =5, Se or Te
{58) (59)

The chalcogencketenerhodium compounds (52) have been prepared
by reaction of the corresponding vinylidene complex with sulphur
(in hexane), selenium and tellurium (in benzene). The reactivity
of the chalceogenes decreases markedly frem sulphur via selenium to
tellurium and red selenium was found to be more reactive than the
grey allotrope. The sulphur and selenium complexes were found to
be air stable but the tellurium compound oxidised readily.zog

The first chalccgenide analogues of the platinum bronzes,
Lan354 has been prepared by heating a stoichicometric combination
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of the elements at 1125X in a sealed, evacuated silica tube lined
with carbon.210 The compound Pd3(P54]2 has been synthesised from
the element at 600°C and its crystal structure derived frcm powder
data.zll Structural data has alsc been obtained for the following
5u1phid§§5pbl.61nBB;iglg;212 MOGBrSS?iilB YbS, L.l agrt
LaYbSB, (FEV)354 and GaLaBDSS.
6.2.6¢ Bonds to Carbon

The preparation of CF2(5F3)2 from CS2 and elemental flucrine has
been described. 1In the presence of CsF, further oxidation by F,
and ClF may be achleved with the formation of F2C{SF5]2
{trans—ClSF4)2CF2 respectively.zl8 The 1.r. spectrum of (CF3S]2CS
in gas and solilid phase and 1lsolated 1n noble gas matrix together

and

with the Raman spectrum in the ligquid phase have been recorded.

Analysis of the spectrum shows the compound to consist of a

complex mixture of conformers, the distribution of which could be

changed by photolysis of the matrix. Photochemical decomposition

could be induced at a threshold of 300nm the producks being an
219

SCF, and C5

3 3 2°
ithan the products of the reaction between fluorine atoms and

eguiniolar mixture of CF

CH3SH are frozen in a large excess of Ar at 14K, the absorptions
of lgolated and hydrogen bonded HF are observed. Using deuterium
substituted methanethiols it was shown that the reaction products
were HF hydrogen bonded to CH35 and CHZSH.220 Nonempirical
molecular electronic structure theory has been used to study the
electronic ground state of the dimer of carbon monosulphide

SCCS.221 The influence of the icnic strength on the adsorption of

thiocyanate ions on mercury has been studied.222 4 crystal
structure determination of the complex formed between dibenzo-l4-
crown 4 and LiSCN has shown that the Li® cation is pentacoordin-
ated to the four ethereal! oxygens and to the nitrogen atom of the
SCN™ ion, in an almost square pyramidal gecmetry.2%> The addition
of 0.2% of OC5 to a CH4--02 flame has been shown to glve the
following sulphur containing negative ions, 5, SH , SO, S0, ,

S2 . 503 . HSO3 and HSO4 « Bnalysis of the gpecles along the

flame showed the rapidity with which 0CS 1s oxidised through SH
and SC to 502.224

A novel route to thlogarbonyl compounds has been reported in
which the carbonyl function 1s initlally protected as the
dithiolane 5,5-dioxide and is released by treatment with base
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A series of alkalimetal “niccarboxylates {Scheme 5) has bLeern
found to be readily obtazined in high yields by the reaction of
. . C . 2746

thiccarwoxylic acids with zither metal hydrides or acetates.
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The reaction of lithium triphenylstannanedithincarboxylate with
1,n-dibromoalkanes in THF solultion yields for n fraom 3 to 6,
stable l,n~bis{crivhenylstannanedithiccarboxylic)alkylene asters,
whereas for n = 1 or 2 elimination takes place. The propylene
and butylene esters have been shown te form neutral dinuclear
complexes of the type M~L-M with monocdentate coordcination of the
thiocarbonyl group on each side where M is a tungskten or
manganese carbonyl.227 Some alkyl esters of triorganostannane
dithiocarboxylic acid have also been shown to complex with metal
carbonyl complexes of W, Mn and Re.228

i large number of papers have again been published by Cattow in
the series "On Chalcogenolates". Topics covered include, the
synthesis of alkali metal N-cyan-guanidino monothioformates
M[SOC"NH~C{NH2)=N—CN];229 the synthesis and reaction of alkali
metal N-cyanomenothiocarbimates szSOC:N—CN].g 23230H232 the

reactions of alkali metal chlorides with CSZ’ studies on
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. 2234
N-cyanformamidinodithiccarbamic ac:l.d,3 +235

diformic acid,236
structures of guanidinodithioformic acid

ethylxanthate. 241

diesters of cyanimino-
237-2138

240

studies on Fhodanines, and the crystal

and oxovanadium({V)

Alkylisocyanides have been shown to react with B9H11E (E = 5 or
Se) to initially form two isomeric BgH; E-CNR compounds.242
(Ph,P) ,PA(N5), reacts with CS, by 1l,3=cycloaddition to give the
thiatriazoline,5 thionate complex (PhBP}EPd(NBCSE)z' The
reaction of {Phqns)z(co(N3)4) with CS2 gave the complex
[Ph,Ae], [co(NCS) ] and the intermediate [Ph,as],[co(N,CS,),] was
detected by its electronic spectrum. The reaction of cs, with
sone Cu(I) phosphine complexes have also been investigated and the
crystal structure of [(PPh3)2Cu(52CPEt3)]BPh4 determined.244 The
reactions of C52 with a number of Ni(Q) pheosphine complexes have
been shown to glve two classes of Ni--Cs2 coordination compounds,
[Ni(csz)sz when L = PPh,; P(ptol), and PCy; and Ni{C,5,PR,) (PR,)
when R = Me or Et. A crystal structure determination shows the
conmplex Ni(SC(SjsctPMe3]S)(PMe3) to have the structure (gg}.245

Me /He
Me:>P

CaHg(SCN}4.nH20 where n = 2 or 3 has been isolated from an
aqueous sclution of Ca(NCS),.4H,0 and Hg(SCN),. The dihydrate
contains nearly tetrahedral Hg(SCN), and octahedral Ca(OHz)z(NCS)4
groups which are joined by Hg-SCN-Ca bridges, in contrast the
trihydrate structure is based on the diamond 1'1@!:.24'6 The reaction
of trimeric thicformaldehyde with AgAsF. in liquid 50, leads to
the compound [ag,{(CH,5),}5] [AsF¢],.50,. The isolated cations, of
the form LGgLAng (L = ligand} display irregular coordination
geometry at silver with one silver atom cocerdinated by four
sulphur atoms from three ligands and the other by five sulphur

atoms from three ligands.247 The reactions of oxygen, sulphur and
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selenium with some qzvcsz and n2~cszue cobalt complexes have been

shown to give the products shown in Scheme 6.248

a) ,fsﬁa -
_ 2 g{triphos}Co~\s‘,C—O
b3
,c‘? S8 "S\‘
[trlphos)CQ\é }(trlphosJCo\‘s’,C—S
Se S
n e
L~ . s (triphos)Co C=5
“Si,
s + =
_5,[ (tripheca) c.:"'s;;c-sue:| (erh,]
Ns
Aue]”
C
Fd -
(triphos) Co\é [BPh 4] —
Se #Sa + _
—E»| (triphos)cq 3 C-5Me |[BPh,]
\Se
Scheme 6

The reaction of Rhcl3 with an aguegus solution of KSCN has been
shown not to yleld pure Rh(SCN)G3_ as was previously thought, but
a mixture of the bond iscmers [Rh[NCS)n(SCN)G_nja- where n = 0 to

3.249 Similar iscmeric forms were also found for the Ir

c0mplex.250

6.3 SELENIUM
€.3.1 The Element .

A novel application of chalcogenide esters to purify selenium
and tellurium to the 9%9.999% purity level has been described.
Crude selenium and tellurium were first converted to their
respactive oxides by treatment with concentrated nitric acid. The
oxXides were then condensed with alcohols or diols to obtaln the
corresponding esters which on reduction with hydrazine in organic
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media, provided high purity elemental selenium and tellurium.251
The extraction of selenium(IV) from hyérogen halide solutions by
tetrasubstituted alkyldiamines has been studied. The compeositions
of the complexes extracted were determined and an extraction
method developed for the separation of selenium from tellurium,

. 2
tin and lead and determining it in semiconducting materials. 52

6.3.2 Bonds to Halogens

The electronic structures of sulphur, selenium and tellurium
hexafluoride have been calculated by the discrete variation X
me thod. The marked increase in the electron affinity in SeFg
compared with SF5 was related to the large decrease in the

antibonding character of the LUMO 1in the case ©of 5eF The

6"
6 to TEF6 WAas

in the energy of all the

decrease in the electron affinity on going from SeF
attributed to the increase in TeFG,
valence molecular orbitals (alg) due to the higher energy of ;gg
58 atamic orbitale of the Te atom compared with the 4s of Se.

The aelectron diffraction patterns of the vapour from a gas jet
of SeCJ.4 with a nozzle temperature of 175°c showed the vapour to
conaist of SeC12(SO%} and Clz. The bond distance in SeCl, is
2.1578 and the valence angle 99.6°.2°% Elemental selenium
dissolves in solutions of Se02 in concentrated HCl to a small
extent to give strongly yellow sclutions. Gravimetric analysis
and spectrophotometric studies show that the principal species in
egquilibrium with SeOCl2 is SEZClz‘ A completely satisfactory
interpretation of these results requires however the presence of

SeCl2 also.255 The crystal structure of Re Se8C12 has been

]
. 256
determined. The compounds Nb2Se2Br6, thTezEtr6 and szTezI6

have been prepared from the elements in sealed quartz ampoules at
1073K. These stable, crystalline solids, exhibiting metallic
lustre, undergo several reversible phase transitions with
temperature. The structures consist of cne-dimensiocnal infinite
chains ©of halogen bridged Nb2(Y2)X4 units containing single side-
2%2
cluster with Nb-Nb = 283.2, 2B87.5, 293,2pm, Se-~Se = 230.5pm and

Te-Te = 267.0 and 258.59m.257 The reaction of bis (morpholino-

on bonded sz and"f2 dumbbells forming a guasi tetrahedral Nb

selenocarbonyl)triselenide, Ses[C(Se}NchBO]2 with iodine in
CH,Cl, leads to the formation of the compound [OC,HNCSe.]I. A
crystal structure determination showed the compound to contain

the cationic units (61) and to ceonsist of pelymeric
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—wJemerS@r—=]-==5g—~~I~= rhains running along the ¢ axis held

together by van der Waals contacts.258

Several trifluoro- and tribromoselenate(IV) compounds, MSeOF3
and MSeOBr; have been preparad. TI.r. and Raman gpactroscoplc
data are consistent with the trigonal-bipyramidal sterecchemistry
predicted by VSEPR theory with the oxygen and lone electron pair
equatorial. Anion polymerisation via oxygen or halogen bridging
is very weak Ifcr MSeOF3 with M = K, Cs but becomes significant
for MSaOC13 where M = K and for MSeOBr, wiEh M= Meﬂzé
with larger cations contain lsolated Se0x3 anionsa.
structure determination of the phenylarsonium salt of 530013'
(prepared from Seoc12 and As(Ph)dcl has been carrlied out at low
temperaturae. The malt contailne a novel type of ¢ trigonal
bipyramidal SeCCl
trimers (62).

Compounds
A crystal

3- and shows no assoclation to form dimers or

Cl 2.430
° N ]c/fz.zm
1.601 © se2Cl
'./]2.475
c1
(62)

The triethylammonium salt shows the SeCCl, unit to be present
as a dimer Se202C162 , as found in the PPh4 salt, with twa SeOCl4
pyramids linked through a Cl---Cl edge and the lone pailrs trans to

the axial Se-0 bonds {gg].zeo

o c1
270
\ /’69B \S! -
2.351 2.920
01/(:! c1/ \c1
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6.3.3 Bonds to Oxygen
The compound Au2(8903}20 has been prepared by the reaction of

gold and excess selenic acid in a sealed tube at 533K. A crystal

structure determination shows the gold atoms to be bridged by

oxygen and selenite ions.zsl

The crystal structure of
PbZCu5(5903)6(UOZ)Z(OH)6.2H20 has been shown to consist of layers
of Cu(O,OH,HZO)6 octahedra linked to each other by oblique chaina
which are formed by oxygen bridges linking uranyl and selenium
ions.262 The crystal structure of Cu4(U02)(5e03)2(0H)6 conslsts
of layers of Cu{O,OH)6 octahedra which are linked to each other

by two obligue chains of Se-U-Se which cross one another.263

Phase equilibria in the R2207-5302 system have been measured.264
€.3.4 Selenides

The entirely ordered monoclinic phase of Ga25e3 has been shown
to be a superstructure of the basic distorted sphalerite-type.
Ordering of metal vacancies inveolved two different Se atom

surroundings.zss

The moisture sensitive ternary selenide,
CssGazse6 has been prepared from the binary selenides Cszse and
Gazses, 1ts structure comprises gallium atoms occupying
tetrahedral holes in pairs between layers formed by Cs and Se ilons
leading to the formation of double tetrahedral isolated Ga25e62_

ions (Ei}.zss

Se e

Se
N TN
Ga G
Se/ ™~ Se/

(64)

s
a/’
™~
s

a

The ternary selenide SrGa25e4 has been shown to have a structure
which is a new variant of the TlSe structure.267 The ternary
chalcogenides CuGaSe2 and CuGaTe2 have been found to undergo a
phase transition from the chalcopyrite type to the NaCl structure
at 300K and pressures of 12.5 GCPa and 8 GPa respectively. The
phase transition is accompanied by a volume change of 8.6 and 3.8%
for the selenide and telluride respectively.268 Quaternary
compounds of the type A32x3y have been synthesised at high
pressures and temperatures. AgIn25e3I, AgInzTeaI, CuIn28e3Br,
3BT and CuInTe3I were found to have
the defect zinc blende structure, whilst AgIn,S5,4Cl, AglIn,5;Br,

CuInZSeaI, CuInzTe3C1, CuInzTe
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AgInzseacl, AgInzseaBr and AgInzseaI have the spinel structure and
AgInzTeacl and AgInzTe3Br the defect rocksalt structure. A

second form of Culn,Se3I was found to have a structure intermediate
between the ZnsS and spinel structure. A survey of the different
reaction pathways of AB-B,X, mixtures at high pressures and
temperatures was given.263 Two new compounds, TlsISe2 and

T1614Se, have been found at the lese corner of the TLI-T ,5e
systems. T1_.I, Se was found to be isotypic with a class of
compounds found in the Tlx—les systems., The ccmpound T16014S was
found to have a structure based on that of T1Cl in which 1/5 of the
Tl or Cl atoms are subatituted by les in a regular manner.270
Experimental mass-loss data for the sublimation of SnSe has ylelded
the values 5Hgaa,f = -86.4 kJ.mol™ ! ana S,95 = 89.0 Ik lmo1™!

from the deccomposition reaction:

and

snSe, () + SnSe(s) + % Sex(gl

= _ -1 1
6H293’f = -118.1 kJ mol and S

495 = 111.8 Jx 'mo1™! for snse,

271
were obtained. The atoichiometric 1l:1 reaction of sodium
selenide with GeS2 in agqueous solution has been shown to give the
selenogermanate Na4Gezses.lGH20. The compound contains the
isolated Gezse64 anion (65) conslsting of two edge sharing tetra-
hedra with Ge-Se = 2.303 -~ 2.4193, which are in contact with the
hydrated octahedral Na(H20]6+ ions through Se---H-Q bridges within
an extensive hydrogen bridge system. The 1:2 molar ratio of Nazse
to GaSe, gives the adamantane-like Ge4SelO4-.272

Se

The vibrational spectra of solid a and B As4s4 and the Raman
spectrum of molten As4S4 have been recorded. The Raman melt
spectra suggest that As4S4 molecunles (symmetry Dzd) are retalned
in the molten state. The Raman spectrum of solid As4Se4 was

tentatively assigned on the basls of a cradle type molecule
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possessing D2d symmetry.273 The hitherto unknown Se42— anicon has
been found in the structure of the new compound
[ra-222 Crypt]Se‘l.z?4 The oxidation of copper(I)selenide at
temperatures above 300%C at an oxygen pressure of 130-140 mmHg,
has been shown to take place by a complex kinetle law changing with
time fram parabelic to cubic. Below 100°c the oxidation does not
affect the non-metallic component the reaction products being
Cuz_xSe and Cu0, but ag?gigh temperatures the oxidation preoduct is
copper oxide selenite.
The square planar complex [Ir{dmpe}z]cl has been shown to react
with Sea to form twe highly coloured products. Purple
[Ir(Sez)[dmper]Cl contains side-on-bonded diselenium and is
analogous to the known dppe complex. The deep-red,
[Ir(Se4)(dmpe)2]Cl, contains a cation with c¢ls octahedral
gecmetries with the Se4 group symmatrically chelated to the
iridium at equatorial position and each dmpe group chealating axial
and equatorial positions (§§). The IrSe4 ring has a half chair
conformation with ths two central selenium atoms eguidistant from
and on oppoaite sides of, the plane of the iridium atoms and the
two coordiﬁatad Se atoms., Bond distances ara Ir-Se = 2.545K and
se-Sse = 2.3078.%276

2 e — Se

“"‘M‘m"Il:'///.S

r”’ Tge ——Se
T (s

The effect on crystallographic parameters of replacing sulphur
by selenium in geveral series of ternary molybdenum chalcegenides
has been studied. In all the systems studied, MMOE(Sl_xSex)B with

M = La, Sm, Eu, Yb, Pb or Ag, the hexagonal c/a ratio showed a
minimum when plotted against the percentage sulphur replaced.277
The pseudo binary systems YbMoGSB—LaMOSS8 and YbMoGSea—LaMOGSe8
have been investigated to trace out the effects of replacing a
two-electron doner, Yb, by a three~electron donor, La, on the

crystal structure parameters and on the superconducting critical

temperatures.278 Several studies of lanthanide uranium mixed

. 279 280 281
selenides (LBO.SUO.SSE2' La2U2527, Ln4U58916 and
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282
and ¥b,y Y.8759,
selenides, LnSe% qr of the yttrium subgroup have been

investiqated.28 Phase equllibria studles in selenide systems

have been reported and the lanthanide

have been collected 1n Table 2.

Table 2. Selenide Phase Systems.

System Ref. System Ref.
Ag-Se-Te 284 FeSe—Gazse3 288
Dy-Ge-5e 285 Hg-5e-Te 289
GeSez—TeSbSe2 286 GeSe2—Sb2Te3 290
Cu25e~8m28e3 287

6.3.5 Bonds to Carbon

The crystal structure of Cse, has been determined at 17.5, 50
and 200K using neutraon powder proflle refinement with a wavelength
of 1.98878. The C-Se bond (1.689%) is orientated at 41.6° to the
b axis in the bc plane. The structure is similar to that of Cs,
and the lattice parameter ¢, shows the same anomalous temperature
291 pig(di-tert-butylmethyl)diselenide (67} has been
shown to be the first example of a diselenide with an abnormal

dependence.

ohtuse dihedral angle resulting from steric crowding. Its value
was determined as 112.1° by X-ray crystalleocgraphy, as compared

with typical dihedral angles of 74-87° for other diselenides.2 2
But But
™ CHSe-SecH
Bu But
(67)

Photoelactron spectroscopy has been used to detect a short lived
intermediate in the pyrolysis of 1,2,3~benzoselenodiazole. Mass

spectra recorded under similar conditions suggest an isomer C6H4Se
rearranging to the more stable final product, 6-fulveneselone

{eguation 40).293
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Se
O: :N LT, @Se —— ©=C=Se ... (40)
N

The separation of a number of cyclic methylene selenides and
sulphides by reverse phase HPLC has been reported. The retention
times as well as the capacity factors were shown to depend in a
systematic way on the ring size, the number and kind of chalcogen
atoms, and the number of heteronuclear bonds within the ring.
These relationships were then used to assign the chromatograms of

cyclic selenium sulphides of the type Se S {n = 1-8), prepared

8-n
in a new reaction from Se2C12, SCl2 and KI and containing all
selenium atoms in neighbouring poaitions.294 A crystal structure

determination has shown the compound ((Ph3P)2CSe}2Fe20C15.4CH2c12
to contain the dication (68) and the dianion (69). The dianion,

— — -
- 2+ c1 c1
PPh
| Nre 7
/c\ /Se . _PPh, /Ie
Ph3P". “Nse \Tc/ 7o
|
PPh, J | /’,
- _Fe
(g8 c1 \ClJ
(69)

Fe20C162_ was found to contain a linear Fe—-0O-Fe axis and a
staggered arrangement of the 2 x 3 chlorine atoms.295
Bis(imidotetraphenyldithiodiphosphino=$,S"')selenium{II) has been
prepared from NH4+N(thPS)2_ and Se[(EtO)2P82]2 in methanal.
Crystal structure determination shows the presence of a four
coordinate Se(II) complex (70} in which the SeS
sphere is roughly trapezold planar with selenium forming a long
and a short bond to each bidentate ligand. Se-S bond lengths were

2.264, 2.948 and 2.270, 3.054%.296

4 coordination

Ph h
\P/Ph . ] Ph\P/P
~ S -
N Se
Np_— s SNg__»
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6.4 TELLURIUM
6.4.1 Bonds to Halogens _
The sterecochemistry of the hydrolysis of TeFg has been followed

by 125Te n.m.r. spectroscopy for each individual step of the
replacement of fluorine ky a hydroxy group. The hydrolysis may be
297

described by Scheme 7.

Ter
¥
t””POTeEEHK‘
clg— (HO)2 TeF4 trans=- {HO) 2TeF4
fac-[H0)3TeF3 mer-(H0)3TeF3 fac-{HO}aTeF3
cis—(HO)4TeF2 trans—(HO)4TeF2
(HO]STEF
¥
(HO]GTE

Scheme 7.

The new hypofluorite, TeFSOF has been prepared by a novel method
using fluorine flucrosulphate as the fluorinating agent. The
compound was also prepared, but in poor yield, by the fluorination
of TeF;OH with a concentrated NF  HF., solution. TeFSOF is
colourless both as a gas and liquid and has a becilling polnt of
0.6%C. Raman , lgF n.m.r. and mass spectra were also reported.298
2—0TeF5, P(OTeF5}3, O=P(OTeF5)2, AB(OTeF5}5
§b (0TeFg) ; have been prepared and their properties compared with

similar compounds.299 The synthesis, properties and crystal

The campcounds POF and

structure of the unusual mixed-ligand complex
TeCl [(HOC,H,),
monomeric with a highly distorted pentagonal bipyramidal

NCSS],-2H,0 have been described. The complex is

coordination arcund Te with both strong and weak Te-5 bonds in the
egquatorial plane and a strong Te-5 bond and a rather weak Te-Cl
bond 1in the axial positions (71). The chlorine atom and all the
oXydgen atoms participate in hydrogen bonding.300 The structure

of the aryl tellurium mixed halide anion, [PhTeC13I]+ has shown it
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L

t¢ be a sguare based pyramid with a lone pair in the sixth position

[4

Cl

1 =
~ R = HOCEH4

(71)

£ an octahedron (72).

Ph
Cl

c1\ [ -
Te\
I/ Cl

(72)

The observed bond lengths found for the NBun4 salt were Te=C =

2.15, Te-Cl = 2.365 - 2.662 and Te-I = 2.8378. Allowing for

disorder the corrected values for Te=Cl and Te-TI are 2.51 and

30l

3.04R8 respectively. Direct experimental evidence to support

“he Alcock thesis on secondary bonding to non-metallic elements

has been provided by a detailed experimental electron density

deformation density for MezTeClz. Deformation density maps

clearly showed that the asymmetric Te{IV) lone-pair density is

predominantly localised and occupies the third equatorial site of

a distorted pseudo trigonal bipyramid (73). The electron density

in the elongated Te-Cl bonds is polarised towards Cl and has a

distribution consistent with the interpretation that the covalent

radius of the central atom in a trigonal bipyvramidal mclecule is

expanded in the axial direction. A trans arrangement of electron

density was found in the C-Te...Cl(2) segments of the crystal and

Wwas taken as evidence for the existence of intermolecular bonding
in Me,TeCl,.

2 2
Cl{Ll)

~— | L

Ta +
/ ‘.‘-"- L]
Me 4 c1(2)

(73)

Me cl(z)'
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The distribution supports a donor-acceptor model for the bonding
that involves donation ¢f the chlorine lone pair density to an

empty tellurium orbital.302

The crystal structure of
{p~bromophenyl)dichloro{phenyl)tellurium{IV) consists of discrete
tetramers in which individual molecules are linked through weak
secondary Te...Cl interactions (74). The phenyl and bromophenyl

rings are in propeller rather than the butterfly arrangement.303

Ccl
QL0
L)
|
Ccl
(74)

Bis (p~bromophenyl} tellurium(IVv) dichleoride has a distorted
trigonal bipyramidal arrangement with the chlorine atoms in axial
positions and the two bromophenyl rings in equatorial positions.
The Cl-Te-Cl bond angle 1is close to 1800, the Cl-Te-C bond angle
close to 90° and the C-Te-C angle 96.1° typical of R2TeCl2
campounds. An interesting aspect of this compound is the
apparent absence of Te...Cl secondary bonding, however, it is
possible that Te...Br secondary interactions may be present.304

Phase equilibria in the CoCl-NaCl-TeCl, and NaCl—RbCl—TeCl4

305 4

systems have been measured.
The crystal structures of the tetraphenylarsonium salts of
PhTeI2 and PhTeBrl have been determined. 1In each compound the
tellurium atom is three coordinated being bonded toc a phenyl
carbon and Iin direction nearly normal to the Te-C bond to two
lodine atoms or to an icdine or bromine atom. The three centre
gystems I-Te-~1 and I-Te-Br are hnearly linear and the Te-C bond
nearly bisects the angle of the three centre system.306 The

cryztal structure of [Na(H20)3]2TeBr has been determined, and

[
shows faca sharing Na(HZO}6 octahedra forming infinite chains with
307

isclated TeBrsz- octahedra between the chains. The crystal
structure of SbTel shows the 5b atom to be coordinated by three Te
atoms at distances 2.831 to 2.961% and four I atoms at distances
3.230 to 3.827%. Although the coordination polyhedron is similar
te that of the orthorhomblic BisSCl and SbSel, the structure of

SbTel is different and constitutes a new structurs type.308



472

€.4.2 Bonds tc Oxygen

The szos—TeO2 system has been studied and the existence of
three phases, Te,Nb,0,; (mp. 793°¢), TeQNb2013 (mp. 795°C) and
Ter6017 {mp. above llOOOC), observed. 09 The crystal structure
of KzTe205.3H20 has been investigated in order to determine
whether the compound contains iscolated Te2052d ions or condensed
chains and to examine the coordination of the Te(IV) lon. It was

shown that the Te205 unite are connected by fairly strong Te’O‘Te

310 ~oT
double bridges to form puckered chains (73).
2.294 0O O
0.°* 1.85 o
— //’
Te \\\“T 1.849 Te 2.2g:\“Te

2.000 ° 1.89 ©
1.880
(15}
The structure of Ba3T240ll consists of T3032- and Te3084_ ions
which form Teaozzlz- rings around the centie of symmetry (76}. The

Te-0 bond distances are approximately 2.7R with the Te032— ion

having the usuwal pyramidal symmetry but the Te3084_ ion has a

pseudo twofold axls instead of the twofold axis found previously
311

in Zn2T330a and szTeaoll.
o_ 0. © a o .o
A4 N/
° TN 25" N

Te \\\“C)”” _Te
/ ) ) \
0\\\ o
—© —0 0-..._,Te/

Te T
AN Te \
IS TG N
(76)

The reduction of Te{VI) by potassium tetrahydroborate in aqueous
medium has been shown to take place in stages: Te({(VI) » Te(IV) »
Te-*Tez_ in acid solutions, and in alkaline or borate buifered
solutiongd the final product is elemental tellurium.312 The
interactions of cis and trans HOTeF ,OMe with BCl3 has been showm
to give Bl(cis and trans—OTeF40MeJJ. Transfer of the MeOTeF4O

entity has alsc been demonstrated with AsF3.313
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Crystal structure determinations have been carried out on the

following compounds K HP,0,.Te(0OH) .H 0,314 Te (OH) _2NH.,CH,COOH, -
315 3 27733 67 2774 6 27277418
H,O, 2(NH4)3P309Te(0H)6, SrTeSOll, and Ba3Te 8] C12.

2 276

6.4.3 Tellurides
szTes, produced from stoichiometric amounts of the pure

elements in supercritical NH,, has a structure in which the Te

. 3
atoms form a six membered rings which are connected via common

vertices to form infinlte one dimensional chains of
1 2- .
oo[(TeqTez/z} ]. The structure of Rb,Teg was compared with that

of Cs,Teg and those of othex known polychalcogenides, szn’ The
r (Te-Te) of 304pm, which occurs as a characteristic feature were
especially discussed.3l9 Rlectron diffraction studies of SizTe3
crystals revealed a structural transformation above 673K,

l+xTe3 where x = 0.5

to 1.0 did neot affect the structure and this was explained by the

Deviations from stoichiometry of the form, S5i

statistical cccupancy of silicon atoms in a tellurium sub-lattice.

Thus SizTe3 should be characterised as a non-stoichiometric

compound with a considerable stolchiometry width.320 GaGeTe,

which crystallises from a melt of the elements in the form of
dull-grey hexagonal c¢rystals, cleaves like graphite parallel to
the hexagonal 00l plane. The compound represents a novel

structure type characterised by two dimensional infinite bleck
layers of the i[Te-Ga-Ge-Ge—Ga—Te].azl The crystal structure of

the second modification of NaaGe4Te has been determined. The

1a
structure contains [Ge4T510]8 anions in the form of six membered

rings (737) with the formulation [(GeTe2]4Te2]8—.322

The new telluride, Na,5nTey has been found to crystallise in the
crthorhambic space group P21212l and to contain isolated SnTe44_
tetrahedra.323 D.t.a., X-ray and microprobe measurements have
been used to show that the compound “AgBSnTEG“ seems not to be a
stable argyrodite.324

Crystal structure determination has shown that the atomic
arrangement of Cs?Fe4Te8 corresponds to that in CsCl. The
outstanding feature of the structure 1s the occurrence of isclated
Fe.qTe8 clusters in which the 1lron atoms are tetrahedrally

surrounded by Te atoms and four tetrahedra are mutually linked

such that each is jolned to the others wvia three edges.325

Cu0 28LaTe has been found to have a disordered tunnel

structure. 26
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,

(77)

The preparation and characterisation of several novel main
group anions such as Sn94-, Tesz_, Sesz_, 562- and SnTeqd_.
without the use of cryptates or amine solvents has been described.
The polychalcogenides, (3“4"}2”x {where M = Te, x = 5; M = Se, X =
6; M =5, ¥ = 6) are prepared by the agqueous extraction of binary
alkali metal/main group alloys in the presence of Bu NBr. The
compound K4SnTed was also isolated by the aguecus extraction of
ternary K/5n/Te alloys, The polychalcogenides are isomorphous and
have been structurally characterised by X-ray crystallography,

(78}-(80}, selected properties are compared in Table 3.327

2.337 S
2.704 _Te Se
e = se =~ s = 2.065
2.745 Se \s
re 107.2 . 2.362 ‘2_090
N - e . 2.295 .
e
Te 105.1 Se mm———=Se 5 a”"
(28) TN 062
(79)
{80O)



475

8ES

S6E ‘OFF

9% ‘ove

<09

GET 'S8T ‘sov

ovZ ‘(us)esT ‘s8¢

(29)ST9 ‘OF¥ ' (uUs)sse

(29)529 ‘O%vy ‘ (Us)egg

OLT ’‘S61

OLT ‘S6T

0g£s ‘(us)gLg

0€£S ' (aqa)GLE

uoTINTOS
PTTOS

I uo ‘ueuwey

0,06~

0,52 (wu)
‘aTq1sIA

S'OTT = {(€)5-(2)S-(T)})S LG"80T = (£)}9s-(7)®s-(1)®S T1°SOT = {(£)3ax-(g)aLl-(T)sL Bop
6°60T = (T)S-(,T)S=-(T)S &L"90T = (2)®S-(,T)®S-(T)®S ¢T*LOT = (,Z)8Il-(1)3l-(Z)>L ‘seTbue puoq
Z90°Z = (£)s-(2)s G62°C = (€£)8s5-(2)28

690"z = (2)s-(1)8 LEE T = (Z)@S-(T)®S oLz = (£)=1-(Z)3L

060°z = (,T)s-(T)S z9ez = (41)9@s-(1)9s 9vL°z = (Z)aI-(1)31 ¥ ‘sy3buay puoq
9 9 S
_z S -z oS _z 2L

. mw pue wmm ‘ mma sepTusbooTeyoi10d 9yl o sarlasdoag TeoTsdud pelooIss e 9TqeJ,

-




476

The following telluride phase systems have been studied:

CdTe-Gd,Te ;329 CsSbTe,-Sb,Te , 330 331
332 133

Ag=-Te=-T1; and MnTe-szTea.

GeTe-Te-leTe:

6.4.4 Other Compounds of Tellurium

Although there is an extensive chemistry of sulphur-nitrogen
compounds, very little is known about the corresponding
tellurium-nitrogen system. Two recent publications have, however,
described the preparation of several new, such compounds. With
HZH-TeF5 and MeBSiNHTeF5 as the starting materials, numerous new
tellurium-nitregen compounds have been prepared. Almost all of
them contain thej}N—TeF5 group, which stabilises many double-

5 and C14W=NTeF5. C125e=NTeF5 is
a rare exXample of a compound contalning a discrete Se=N double

beonded systems such as O=C=NTeF

bond. A schematic representation of the compounds mentioned in

the paper is given 1n Scheme 8.334
— o + -
FBP—NTeF5 C14U—NT35 Cs NHTeF5
» =
(HgNTeFS)n Clzs—NTeF5
WCl, CsF N
FF HgF, O=S=NTeFq
F,S=NTeFg
5F¢ o
COF, CH 40H il
(CH;) ;SiNHTeF, ——=>» O=C=NTeFg -——=—3> CH,OCNHTeFg
(RyS5i) ,NH SOF ,
cis-[(CH;) 3SINE] ,TeF, O=SF ,=NTeF_
+HF HC1NTeF,
Cl;P=NTeF¢ HF,
PCl, Ry51NC1lTeF
Cl,Se=NTeF NH,TeFg.ASFg /ﬁh3SiBr
Cl, NTeF
2 5
secl, /4;F5 hz//
HoNTeFy Ccl, + N

2 + TeF6 + Te.ZE'4

2

Scheme 8. Schematic representation of the,:NTer chemistry.
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in a second paper, it was shown that TeFS-Cl can add

photelytically to nitriles with retention of the TeFg group.

TeF.Cl + RCZN -+ F_Te-H=CRCl + ClRC=N-N=CRC1 vea{41)

5 5
R = Cl, CF,.

No evidence was found for the formation of the unknown Te2FlO
10 1s observed in the reaction of SFSCl with

nitriles. The reaction of F5Te—N=CC12 with excess HF gave the

amine F_Te-NH-CF, and the anion [FSTe—N"CF3]_ could be generated

5 3
directly by reaction of F_Te-H=CCl, with CsF.335 The crystal

5 2
structure of (Teth).HgI

even thouah 52F

5 has been determined and showed the

melecule to have a novel tetrameric structure involving two

336

different icdine bridges. The campound u3-Te(Mn(CO)2(n5-C5H5)3

has been synthesised and its structure determined.337 The

reaction of organic dihalides with NaTeR (R = Ph or p—EtOC6H4} has

been reported.338 The synthesis and reactivity of

(C4Hg) RhFe,Te, (CO) (x = 6,7) together with 2°Te n.m.r. studies

have been described.339
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