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6.1 OXYGEN 

The electrolysis of HF containing up to 20% H20 in the presence 

of o2 and 03 has been shown to yield OF2_ The maximum yield of 

OF2 is obtained with a water concentration of 2% at voltages 

between 5 and 9v, with a concentration of about 45% by volume of 

OF2 in the anodic gas. The yield decreases with water concentrations 

above 2% and with increasing voltage and below 2% H20 elementary 

fluorine is produced. The formation of OF2 is thought to depend 

upon the formation of a black layer on the surface of the nickel 

anode during an induction period. 
1 

An l7 0 n-m-r. study has concluded that the hydronium ion H30 
+ 

is 

practically planar 
2 

but this conclusion has been challenged and 

using the same data and other arguments it has been proposed that 

the ion has a pyramidal structure with a bond angle of about 111.3O 

for the mean HOH bond. 
3 

When hydroxy radicals, formed in ice or 

various aqueous systems by ionizing radiation, are cooled from ca. 

30 to 4K they are extensively converted into O- ions, as observed 

from e.s.r. spectra. The conversion, which is almost complete 

for -0D in D20, is thought to be formed by the equilibrium. 
4 

-OH + H20 L- O- + H30+ 1. . (1) 

The kinetics of the reactions of hydrogen peroxide with some 

complexes of dioxovanadate(V) have been studied spectrophotometrically 

at an ionic strength of l.OM(NaC104) in the pH range 3 to 6 between 

15 and 35OC. With a large excess of H202 over vanadium(V) complex 

concentration, a faster reaction followed by a slower one was 

observed. Hate expressions for the reactions were obtained and it 

was thought that an associative mechanism, through a seven- 

coordinate transition state, was operative. 
5 

The first primary 

ozonide which can be isolated as a result of its exceptional 

stability has been generated from 1,2-dichloroacanaphthalene and 

has been characterised as (1). The normal ozonide (2) formed by 

rearrangement of (1) appears as a side product. 
6 
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6.2 F"LPHUR 

6.2.1 The Element 

X-ray structural analysis of two monoclinic allotropes of 

cycloheptasulphur carried out at -llO°C has revealed almost 

identical chair-like molecular structures of approximately Cs 

symmetry. Bond distances between 199.5 and 218.2pm, bond angles 

between 101.5 and 107.5O and torsion angles between 0 and 109O were 

observed. 
7 

Dichlorodisulphane (S2C12) dissolved in CS2 has been shown to 

react with aqueous solutions of potassium iodide at 20°C to form 

Sz12- The product decomposes spontaneously to a mixture of 

'6' '8' '12' '18' '20 
and larger homocyclic sulphur molecules as 

well as I 
2' 

Pure S 
6 

can be prepared using this method in 36% 

yield but the yields of S12 (l-2%), S18 (0.4%) and S20 (0.4%) are 

much lower. 
8 

The use of resonance Raman techniques has shown that the radical 

species S3- is present, at least to some extent, in the blue 

solutions of sulphur in CsCl-AX13 melts. 
9 

The observed chemical 

transport of Ta205 with sulphur at temperatures from 1273 to 1173K 

has been shown to 

equilibrium. 
10 

12.5 
Ta205(g) + 2 

correspond to the calculations based on the 

%g) ' 2TaS5(g) + 2-5s02(g) 
. ..(2) 

Several products have been reported for the reactions of 

elemental sulphur with AsF5 in S02. s?142+ (AsF6-I2 has been 

prepared by the reaction. 

so 
*s + 21 + 3AsF5 

2 
8 2 

> S2142+(AsF6-)2 + AsF3 . ..(3) 

A crystal structure determination showed the S2142+ cation (3) 

to have a distorted right-triangular prismatic structure with one 

S2 and two I2 units joined by weak S-I bonds. The S-S bond 

distance is the shortest reported in an isolated compound and is 

indicative of the presence of a 3pz-3pa bond and a bond order 

greater than two. 
11 

The oxidising ability of AsF5 is greatly enhanced by traces of 

Br2. and in its presence, S4(AsF6)2_~S02 (x&l) may be prepared in 

quantitative yield from AsF5 and S8 in S02. 
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s-11-1; = 

Il-I;-Si = 

89.5O 

87.0° 

78.4O 

3.59 + 3AsF5 trazz2Sr > S~(ASF~)~.XSO~ + AsF3 _._ (4) 
2 

An X-ray structural study of S~(ASF~)~.O-~SO~ and of (S71)4S4(A~F6)6 

prepared by the reaction 

4s* f 212 + pAsF5 
so2 > (S71)4S4(A~F6)6 + 3AsF3 m..(5) 

confirmed the square planar geometry of the S4 
2t cation in both 

salts: the former having a S-S bond distance of 2.0142 and the 

latter l.988.12 The structure of the compound. previously thought 

to be S16(AsF6J2 has been determined and was shown to be Slg(AsF6)2. 

The structure contains discrete AsF6- anions and Slg 2-t cations, 

the latter consisting of two seven-membered rings joined by a 

five-atom chain (4). 

SiS\S s-S 

\ 
S 

I 
&>-"--S 

\ 

S/\) S 

s/s\s/s’(~) 
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spectra were reported. 
16 

A series of nucleophilic displacement reactions between F-ethyl- 

and F-n-propylsulphurimide dihalides with a large number of 

nucleophiles has been reported. Reaction of C2F5N=SF2 and 

LiOCH2CF3, NaOMe, or Me2NSiMe3 gave C2F5N=SX2 (X=OCH2CF3, OMe, NMe2) 

and also in the latter case C2F5N=(F)NMe2 which could be reacted 

further with NaOMe to give C2F5N=S(OMe)NMe2. However, with 

LiN=C(CF3)2 an extensive rearrangement occurs to give 

i-C3F7N=S=NC3F7-i and CF3CN. With chJ_orinating agents such as 

A1C13 or PC15, RN=SF2 (R=C2F5, n-C3F7) gives RN=SC12 which, in turn, 

when R=C2F5 with AgNCO, gives C2F5N=S(NCO)2.17 

sF2 
and CF3SF have been shown to form unusual chemical equilibria 

with their dimers F3SSF and CF3SF2SCF3 involving the two different 

bonds S-F and S-S. The equilibrium between F3SSF and SF2 is 

disturbed by a decomposition reaction of these compounds giving SF4 

and SSF - both the equlibrium constants and dissociation enthalpies 
2' 

have been determined. In both systems kinetic hindrance was shown 

to delay the achievement of the equilibrium and the rates for 

dissociation and decomposition were shown to be surface dependent. 
18 

Two new arylsulphur(VI)trifluoride oxides (Sa,b) have been 

prepared by direct fluorine addition to the sulphinic fluorides 

(6a,b). 

Ar2S0 + F2 > ArS(O)F 

(6a,b) 

a) Ar=Ph 

b) Ar=p-FC6H4 

I 

F2 

F 

glass Ar\s__o BF3> 
I 

ArS02F 

F'I 
%z-- 

[ArS(0)F2]fBF4- 

(7a,b) 
F (84 - 

(5a,b) 

The fixed trigonal bipyramidal ligand arrangement was determined 

from 
19 

F and 
13 

C{'H} n-m-r. data. In glass vessels (2) was 

shown to undergo decompositicn which was catalysed by HF to give 
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the corresponding sulphonic fluorides (1). Action of BF3 on (Sa) - 
gave the difluorophenylsulphoxonium salt (e) by fluoride abstraction 

whilst dry.distillation of (8a) with NaF reformed (Sa). 19 - - 

Ab-initio calculations have been used to compute a general valence 

force-field for SF4_ This technique was used since it was found 

to be impossible to compute a unique and meaningful general force- 

field from experimental values. 20 
Single crystals of methylene- 

sulphurtetrafluoride, H C=SF 
2 4’ 

with a melting point ca. -135OC. have 

been grown using a miniaturized Bridgman technique. In the 

molecule (2) the sulphur atoms have approximately a trigonal 

bipyramidal environment with the CH2 group occupying the position 

of the non-bonding electron pair in SF4. The hydrogen atoms were 

found in the plane of the S, C and axial fluorine atoms. The 

bond lengths, S-F (159.2 to 156.lpm) S-C (155.4pm) were reported. 21 

F 

f\J /H 
F/i-c\, 

The i-r. and Raman spectra of S2F10 vapour have b.een recorded 

and new assignments made for several of the fundamental modes. 

In particular the band pumped in laser dissociation experiments 

is an E 
1 

radical S-F stretch rather than a B 
22 

2 
axial S-F stretch as 

earlier thought.. The preparation, structure and properties of 

new SF5Br-fluoro olefin adducts'have been reported. The extent 

and direction of SF5Br addition to 7 fluoroolefins were studied 

and steric factors were found to be the most significant factor 

for this addition_ 
23 

The behaviour of SF6 in the quartz and A1203 tubes of a flow- 

reactor, capacitatively coupled to a radio frequency generator 

has been investigated at a pressure of 20 torr and at various power 

levels and flow rates. A combination of spectroscopic techniques 

showed theeresence of S02F2, SOF4, SOF2, SiF 
G 

F2°2' together 

with unreacted SF 6 in the discharge products. Studies of the 

chemiluminescent reactions of SF6 and SF4 with metastable calcium 

and strontium atoms under single-collision conditions have enabled 

the F5S-F and F3S-F bond dissociation energies to be determined. 
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The results were combined with known heats of formation,to deduce 

the complete series of step-wise bond dissociation energies. 
25 

The mobilities of positive and negative ions at 296K have been 

measured at pressures in the range SO to 1200 torr for H2S and 
-7 

SF6/= 

The unstable radicals SC1 and SBr have been prepared by photolysis 

of SzC12, SC12 and S2Br2 respectively and by passing the stable 

molecules through a microwave discharge in the presence of argon 

in large excess. The radicals were trapped in an argon matrix at 

9K.27 The reactions of a series of N,N'-dialkyl and N,N'-diary1 

malondiamides with disulphur dichloride have been reinvestigated. 

The claim, made almost 60 years ago, that the products of this 

reaction are dithioketones R2CS2 were shown to be unfounded in that 

the structures of the products were shown to be the unsymmetrically 

substituted 1,2,4,5_tetrathianes (10). 28 
- 

RNHCO s-s CONHR 

RN.,' ' S S CONHR 

(10) - 

Insertion reaction of fluorinated methylenes into the S(II)-Cl 

bond have been studied. (CF3)2CN2 and CF3CHN2 react with 

(CF3)2C=NSC1 to give (CF,)2CN=S-CCl(CF,)2 and (CF3)2C=N-SCHC1CF3 

respectively. The reaction of CFCHN2 and (NSCl)3 gives 

CF2CH=N-S-CHC1CF3 and (11). 
29 

- 

N-N 

II II 
cF3-c\ /c-cF3 

S 

(11) - 

Two crystalline modifications of [SC13][1cl~] have been 

characterised by elemental analysis, Raman and n-q-r. spectroscopy. 

Analysis of the spectra indicates that both the stable and the 

metastable forms involve distortion from the square planarity of the 
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1c14- ion.30 The i-r. (gas, Ne and Ar matrix) and Raman (liquid 

and solid) spectra of CF3SC1 have been investigated. All possible 

fundamentals were identified as well as several combination bands. 

The i-r. spectra of three different isotopically enriched SC12 

species in Ne matrices were also recorded. 
31 

When SC12 or S2C12 

vapours diluted with argon and mixed with Br 
2 

or I 
2 

are passed 

through a microwave discharge reaction takes place to give the 

previously unknown compounds SBr2 and S12. The compounds were 

isolated in an argon matrix at 9K and were identified by their i-r. 

spectra_ 
32 

The fragmentation of these sulphur halides and of 

the SC12/Br 2 and S2C12/Br2 mixtures under electron impact conditions 

in the ion source of a mass spectrometer have also been studied. 

In the system SC12/Br2 the main products are SBr+ and SBr2+ and in 

the case of S2C12/Br2 were 

observed_ 
33 

large amounts of S2Brf and S2Br2+ 

Four new addition compounds of SC14 all containing the SC1 + ion 

have been prepared (SCl3+.GaCl4-; SC13 +.InCl4-; SC13 +.TeCl 
-3 

2SC13+.ZrCls2- 
5 

and 

) but attempts to form addition compounds between 

SC14 and SeC14 or PbC14 were unsuccessful. 34 
The preparation of 

two further complexes of this type, SBr3 +.A1X4- (X=Cl,Br) have 

been described. Synthesis of pure compounds containing chloro- 

bromo-sulphonius cations is apparently extremely difficult and a 

variety of reactions involving a sulphur halide (SC12, S2C12 or 

S2Br2), a halogen (Br2 or C12) and a Lewis acid A1C13, A1Br3 or SbC19) 

gave only a mixture of products. An exception, however, was the 

product from S2Br2, 3Br2 and 2AlC13 for which both the analytical 

data and Raman spectrum were consistent with the formulation 

SBr3 +A1C14-.35 

6.2.3 Bonds to Nitrogen 

A comprehensive review covering the past twenty-five years since 

the first sulphur-nitrogen-fluorine compounds were synthesised 

has been published. The review is based on the small molecules 

thiazyl fluoride (NSF) and thiazyl trifluoride (NSF3) and deals 

initially with their preparations and their chemical and physical 

properties. These compounds are key substances in that nearly 

all sulph&-nitrogen-fluorine compounds may be derived from them 

and the review deals comprehensively with their synthetic 

application. 
36 

Ab-initio molecular orbital theory has been used 

to study sulphur-nitrogen and sulphur-carbon configuration in the 
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compounds, (SN)2, (SN)4, SN oligomers, the (SCH)2 isomers, and 

their fluoro- and cyano-substituted counterparts. In quantitative 

energy comparisons between valent and hypervalent sulphur-containing 

molecules the inclusion of sulphur d-orbitals was found to be 

mandatory. The sulphur d-orbitals decrease the ionic character 

of the S-N bond, increase the overlap populations and may contribute 

to extravalent intermolecular interactions, but their role in 

sulphur-carbon compounds is less as a result of the decreased 

ionicity of this linkage with respect to the sulphur-nitrogen 

bond.37 

The first direct chemical synthesis of polymeric sulphur nitride 

(SN) 

(NSC:) 

from solution has been reported. Trichlorocycldtrithiazane, 

3 and trimethylsilylazide or sodium azide react together in 

acetonitrile at -15OC to give the polymeric (SN)x in good yield.38 

2Me3SiN3 + (NSCl)3 + i(SN)x + 3Me Sic1 
3 

+ 

The preparation of the first conducting iodinated polymeric sulphur 

nitride has been described. 

vaporized at 130°C, 

Tetrathiatriazenium chloride (S4N3C1), 

when treated with sodium iodide supported on 

glass wool at. 250°C, followed by cooling of the exit gas to 10°C, 

gives a black product with the formulation (SaNbIc)x with the 

approximate values of a=3.0, b=2.1, c=O.S. A lower condensation 

temperature was found to give a product contaminated with iodine. 

The conducting polymeric product is moisture sensitive and 

decomposes above 40°C in vacua (ca. 10 
-6 

torr) to sulphur, 

tetrasulphur tetranitride and iodine. 
39 

Linear sulphur-nitrogen compounds 

The reactions of perfluoroisobutene with thiazylfluoride and 

thiazyltrifluoride have been described. Thiazylfluoride and 

(CF3)3C=CF2 react together in the presence of CsF at 130°C to yield 

(CF3)3C-N=S=N-S-C(CF)3. With NSF 3 the reaction gives NSF2C(CF3)3 

which isomerizes above 100°C to (CF3)3CNSF2. The compound 

NSF2C(CF3)3 also reacts with fluoro Lewis acids to give the 1:l 

adducts (CF313CSF2N.MF5 (M=As,Sb), whilst (CF3)3CNSF2 in 50% aqueous 

KOH undergoes hydrolysis to give the amine (CF3)3CNH2- 
40 

The 

formation of some sulphur-sulphurdifluoride imides in reactions 

involving Hg(NSF2)2 have been described. Hg(NSF2)2 reacts with 

S2C12 to give (SNSF2)2 by the mechanism : 
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+Hg(Ns~2)2 + s*c12 - ClSSNSF2 + fHgCl2 

I 

The reactions of OSCl2 or 

OSF-NSF2 and F5S-NSF-NSF2 

++Hg (NSF2) 2 

F2S=N-S-S-N=SF2 + -fHgCl2 ._. (8) 

SF5NSC12 and Hg(NSF2)2 give the compounds 

according to the schemes 

41 

F 

(O=S(NSF2)2) 
-NSF > o=s 

: 

-NSF, 
OSF2 

NSF2 

Hg(NSF2)2 + O=SCl; . ..(9) 

/F 
SF5NSC12 + Hg(NSF2)2 + F5S-N=S + NSF + 

\ 
HgCl2 

'NSF2 

. ..(lO) 

FSS-N=SF2 + NSF 

The reaction of the diimidosulphur compounds S(NR)2 (R=But, Ph, 

4-MeC6H4 or 4-02NC6H4) in 1,2_dimethoxyethane solution with a 

potassium mirror in vacua has been shown to give fairly stable 

solutions of the corresponding anion radicals [S(NR2)2]- which have 

been studied by e.s.r. spectroscopy. The frozen-solution e.s.r. 

spectrum of K[S(NBut12 was also recorded. The experimental 

evidence indicates the two nitrogen atoms to be magnetically 

equivalent and alkali metal coupling constants for the species 

M[S(NHU~),]~ (M=7Li, 23Na or 3g K) indicate that the metal-anion 

interaction increases in the order K<Na<Li. Potassium metal 

reduction 04 M(CO)4(S(NBut)2) where M=Cr, MO or W, was shown to 

produce the corresponding anions with well defined isotropic 

e.s.r. spectra. The results indicate that the unpaired electron 

is located mainly on the S(NBU~)~ ligand. 
42 The i-r. and Raman 
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spectra of some N(SCl)*+ salts have been reported and two possible 

assignments of the normal modes were discussed. It was shown 

that the usual correlation between force constants and bond 

lengths are not valid for N-S cations. 43 

The synthesis of some complexes containing the bis(chiorosulphur)- 

nitrogen cation N(SCR)2f has been described. The crystal 

structures of N(SC12)2AsF6, N(SC1)2BC14 and N(SCl),AlCl4 were all 

found to be different. A full structure determination on the 

aluminium compound showed the N(ZYJZ~),~ cation to have the structure 

Cl Cl 

(12) - 

A determination of the crystal and molecular structure 

has shown the chain-like molecule to have the parameters 

of S(NSO)2 

(13). 

0 0 

\ 
117.5 

Is\ 
/ <K~z~;,s 146-5 

153.4 

(13) 

The molecular geometry was shown to be Cs and i-r. and Raman spectra 

were reported and assigned. No evidence was found for conformational 

changes when crystalline S(NSO)* was taken into solution. 
45 

The thermal decomposition of PPN+S4N5- (PPN+ = (Ph3P),N+) in 

acetonitrile at 78OC has been shown to lead sequentially to the 

corresponding salts of the S3N3- and S4N- anions. The crystal 

and molecular structure of the dark blue salt, PPN+S4N- has been 

determined andshows the S4N- anion to have an essentially 

planar, cis-trans chain with nitrogen as the central atom. The 

terminal S-S bond distances are remarkably short, 1.879 and 1.9438, 

and the S-N bond lengths show a pronounced inequality, 1.667 and 
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1.521~. The bond angles at the internal sulphur atoms are ca. 

110.5 and the angle at the nitrogen is 120.B". 1-r. and Raman 

spectra of the compound show that the vibrational frequencies at 

592 and 565cm 
-1 

may be assigned to the stretching modes of the 

unequal S-S bonds. Theoretical calculations were also carried 

out so that the bonding in the S4N- ion may be determined 
46 

. The 

crystal and molecular structure of tetrasilver(1) sulphamide has 

been determined. The structure (14) consists of a network of - 

sulphamide groups linked by covalently bonded Ag atoms. With the 

exception of one Ag-0 bond, all Ag atoms are coordinated to the 

nitrogen atoms of the sulphamide group. One of the nitrogen,atoms 

shows an unusual five coordination. 
47 

% i-3 

\/ _rKN>‘( /Ag 

\ 
0' 

N 
Ag 

(14) - Ag 

Diffuse reflectance spectra of the diamagnetic compounds 

02S(NRAg)2 and 02S(NAg2)2 have been measured in the region from 

700nm to 200nm at 300K and 77K respectively_ A shift, observed 

for the SO stretching modes together with the thermal and mechanical 

instability of the compounds is thought to be due to the transfer 

of charge from the S=O bond region via the nitrogen atoms to the 

silver atoms. 
48 

Tri-tert-butylsulphur triimide has been shown to react with a 

variety of isocyanates to give the corresponding di-tert-sulphur 

triimides (15) in high yield. - 

Using the same method, the bis(trimethylsily1) derivative 

(Me3SiN)2S(N-CF(CF3)2) was also prepared. 
49 

The simplest fluorinated sulphur(VI)imide F-N=SF4 has been 

prepared by the series of reactions (12) - (14). The i-r. 

spectrum of FNSF4 is very similar to that of SOF4 with an 

additional N-F stretching frequency. The N=S valence vibration 
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Me3CN NCMe3 

\S// 

II 
NCMe3 

+ Rf-N=C=O j 

Me3CN 

CMe3 

I 

Me3CN\\S=N_R Me3CN\ ,N\ 

// f + Me3CNCo - 
Me3CN 

//s\N/c=o 
Me3CN 

I 
(15) - Rf 

.I_ (11) 

Rf’CF3r c2Fgs n--C3F,, i-c3F,, S02C1, S02F, SF~, C(CF3)=N-SO2F_ 

C12N-SF5 + F2 + FClN-SF5 + ClF 

FClN-SF5 + Hg + CF3COOH + FHN-SF5 

FHN-SF5 + KF q FN=SF4 + HF 

. ..(12) 

._ _ (13) 

. ..(14) 

was observed at about 1OOcn 
-1 

lower than expected which was 

considered to be surprising in view of the observed rigidity of 

the molecule. A highly complicated 
19 

F n.m.r. spectrum was 

observed which was interpreted on the basis of an A2BCD spin 

system and which showed the sulphur to have a trigonal bipyramidal 

environment with one equivalent pair and one non-equivalent pair 

of fluorine atoms. The N-F group was thought to occupy an 

equatorial position with the N-fluorine atom orientated in the 

axial plane. The absence of dimerization to form a dimer with 

an (NS)2 four membered ring as is observed in (Cl-NSP4)2 is, a‘s 

yet, unexplained. F-N=SF4 forms only a weak adduct with AsF5 and 

with SbF5 an explosive interaction was observed at -lO°C. 50 

The aminolysis of (NPC12)2NSOPh by methyl and ethyl amine in 



diethylether has been shown to proceed mainly by a non-geminal 

substitution pattern. In acetonitrile both geminal and non geminal 

substitution was observed. 
51 
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The crystal structure of a form of sulphabenzamide (16). obtained 

by recrystallization from water has been determined. The form, 

which is characterized by a transition at 172OC has two independent 

molecules in the unit cell with the bond lengths, S-N=1.656, 1.6802; 

s-0=1.439, 1.417 and 1.417, 1.421; C-S=1.738, 1.7358.52 

(16) - 

The reaction of S4N- with triphenylphosphine in acetonitrile has 

been shown to produce S3N- which reacts with NiC12 to give the 

compound Ni(S3N)2, vibrational spectra of S3N * - (*N=30% 15N) suggest 

an -S-N=S=S arrangement of atoms in the anion. 
53 

Cyclic sulphur-nitrogen compounds 

The gas phase u-v. -photoelectron spectra of SN, S2N2, S4N4 and a 

number of open-shell cationic states have been investigated and 

assigned on the basis of ab initio molecular orbital calculations. 

The electronic structures of S2N2 and S4N4 were investigated by 

transformation of the wave-functions to a localised bond basis. 

A significant amount of S-S bonding was calculated for S N but no 

N-N bonding and 
454 A 

across-ring bonding was absent from S2N2. 

second study of the X-ray photoelectron spectrum of S2N2 gas has 

concluded that N 
Pr 

-Sdn back bonding is not necessary for a clear 

understanding of the bonding and charge distribution in S2N2 or 

S4N4'55 
and that S+N charge transfer is greater in S4N4 than in 

S2N2- 
A vibrational spectroscopy study of the compound Pb(S2N2) 

and its ammoniate Pb(S N 
562 2 

)-NH3 has been carried out using normal 

coordinate analysis. 

The stability of different thiazyl halogenides in the presence 

of reducing agents, polar solvents and HBr has been studied. The 

solubilities of S3N2C12 and S6N4C12 are low and the best solvents 

are SOC12,1iquid SO2 and HCOOH, but an interaction is always 

observed between the solvent and the thiazyl chloride. The 
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principal reaction observed is the destruction of the cyclic 

compound and formation of the S6Na2+ or S4N3 + cyclic ions. The 

reaction of HBr with S3N3ClJ, S3N2C12 and S6N4C12 was shown to give 

substitution products with the elimination of HCl. S4N3Br may be 

obtained from S4N3C1 at -80°C but at higher temperatures the 

reaction is more complex and an impure product was obtained. With 

the other thiazyl chlorides the reaction was violent at all 

temperatures, the thiazyl cycle was destroyed and S4N3Br or S4N3Br3 

were formed. The reactions studied are shown in the scheme below. 
57 

NH4Br + S2Br2 + Br2 

fi 

I SO2 HCOOH T U 
HBr SOC12 

Br3- 

The molecular and crystal structures of S3N2+S03CF3-.kCH3CN (17) 

and S3N2NS02F (18) have been determined. 
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S F 

\ 
S 

. ’ 
0 . 1 0 

- - _ ;_ _ _, 

- -_i’ \ N -_ 

(17) - 

Y\ 
N N 

0 

F\/ \ \ 
;\Nys ’ 

0 

The S3N2 
+ 

radical cation in (17) is planar and two cations are - 
connected via weak S-S bonding interactions to form dimers with a 

chair configuration. The S3N2 ring of (18) in which the NS02F 

group is covalently bonded to one of the sulphur atoms of the S-S 

group is not planar and the S-S bond is weaker than that of (17). 

The observed bond lengths and angles measured for the S3N2+ groups 
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in the two compounds are shown below. 
58 

(17) (18) - - 

s2-s1 213.8 220.0 

S1-Nl 161.2 163.5 

Nl-S3 157.5 156.5 

S3-N2 156.2 157.8 

N2-S2 161.7 164.4 

S2-N-S02F 160.3 

(17) (18) - - 

Nl-Sl-S2 97.0 97.9 

N2-s2-s1 97.1 94.0 

N1-S3-N2 107.8 109.4 

Sl-Nl-S3 119.0 117.2 

S2-N2-S3 119.0 119.1 

The thermal decomposition of Ph2P=N-S3N3 has been shown to lead 

to the open chain derivative Ph3P=NSNSS. 

Ph3P\\ /N--S\ Ph3P\ 0 
N-S 

\ 
N-NS__ N-S 

/ \ 
t5 

N-S N=S 

ph3p”N __ 
\ NzSys _ . _ 

X-ray studies have shown that the five atom chain exists in a 

(15) 

nearly planar cis-trans configuration (19) with a very short - 

(l-9052) terminal S=S bondW5' A low temperature (90K) X-ray 

diffraction study has been used to determine the electron density 
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3.131 
S...................---S 

III7 
\ 

120-' 1~$j%@l_908 
1.587 -N\ 

1.592 

distribution in thiotrithiazyl nitrate, S4N3N03- The electron 

density maps were in reasonable agreement with an earlier 

theoretical study except in the lone-pair regions of the chemically 

equivalent N(2) and N(3) atoms where experiments showed little 

density, while for the N(1) atom opposite the disulphide group, 

both theory and experiment indicate a clear lone-pair peak. 
60 

Some reactions of cyclotetrathiatriazenium chloride S4N3C1 vapour 

with hot metal surfaces have been described. Reaction with iron 

wire at 300°C gave S3N2C1, S4N4 and (NSC1)3 as principal products 

and the main reaction was thought to be: 

2S4N3C1 & S4N4 + 2NSCl + 2s 
Fe/FeS 

3oo"c 
, 2S3N2C1 + N2 + %S8 

With titanium sponge complete breakdown of 

according to equation (17): 

. ..(16) 

S4N3C1 took place 

Ti + 4S4N3C1 j TiC14 + 2S8 + 6N2 . ..(17) 

and with silver wool it was considered that the initial pyrolysis 

of S4N3C1 (equation 18), was followed by the splitting of S4N4 into 

2S4N3C1 - S4N4 + 2NSCl + 2s . ..(18) 

S2N2 and the dehalogenation of NSCl by silver or Ag2S as shown in 

equations (19) and (20).61 

2NSCl (g) + 2Aqs) - S2N2 (9) + 2AgCl (s) 

2NSCl (g) + -2s (s) - S2N2(g) + #S2(g) + 2AgCl 

. ..(19) 

. . . (20) 
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New methods for the synrhesis of S4N4 have been described. The 

first study involves the reduction of S3N3C13 by various metals 

(Hg, Cu, Sn), and reaction is carried out in either an inert 

solvent such as CC14 or directly in the gas phase. Reaction was 

found to be complete and was thought to proceed according to 

equations (21) and (22).62 

. ..(21 

NSCl + cu W CUCl + %S4N4 ___ (22 

A second study describes the preparation of S4N4 by the reduction 

of S4N3C1, (NSC1)3, S3N2C12, or S3N2C1 using a variety of reducing 

agents. New routes to bis(tetrasulphur tetranitride)tin(IV) 

chloride, tetrathiotetraimide and cyclopentathiapentazenium 

tetrachloroferrate(II1) are also discussed. 
63 

An ab initio 

molecular orbital study of S4N4 has also been described. 
64 

A predictable degradation reaction of the S4N4 derivative S4N402 

has been found in that reaction with AsPh3 leads to the 

symmetrically substituted sulphamide (20) in high yield. - 

3 

(20) - 

X-ray difrraction studies showed the five membered ring in (20) - 

to be comparable with rings in S3N2=N-S02F and S3N2=N-P3N3F5. 

The degradation of S4N402 was thought to take place via a transition 

state involving two molecules of triphenylarsane as shown in 

equation (23)_ 
65 

+ AsPh3 

. . . (23) 
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The crystal and molecular structure of bis(tetrasulphurtetraimide)- 

silver(I) perchlorate sesquihydrate has been shown to consist of 

[Ag(S4N4Hq)2]C cations, C104- anions and water molecules all 

interconnected by an extensive hydrogen bonded network. The cation 

has a sandwich structure with the S4N4 crowns arranged so that the 

sulphur atoms are nearest to the cation and there are no Aq-N 

bonds. The silver is displaced sideways from a central position 

and the S4N4H4 liqands are tilted to an angle of 20.4O between 

the two S4 mean planes and the ligands also adopt a staggered 

configuration with respect to the two S 
4 qroups- 

As a result the 

two sulphur atoms from each liqand are closer (2.696-2.7922) to the 

metal than the other two pairs (3.141-3.226~) and are so arranged 

that a distorted tetrahedral metal coordination is produced. The 

bonds between the four nearest sulphur atoms and the metal ion are 

thus considered to possess a significant degree of covalent 

character. The authors consider this to be the first example of a 

complex of a sulphur imide and the first proven example of donor 

sulphur rather than donor nitrogen in any sulphur nitride or imide 

complex. 
66 

S4N4 has been shown to react with CuC12.2H20 in acetonitrile to 

give, amongst other products, the polymeric copper(I1) complex 

(CU(CH~CN)C~~)~S~N~ (2). An X-ray structure analysis shows the 

Cl 
I 

c-c- N-f, N$N- 

Cl Cl 

Cu-N-C- C 

(21) - 

crystal to contain parallel chains with copper atoms bridged by Cl 

and S2N2 bridges. The coordination of the copper atom is square 

pyramidal and the S2N2 ring (S-N bond distances 1.633 and 1.6418) 

is planar. 67 A second product of the same reaction has been shown 

to be the polymeric complex CuC12.S4N4 (22). This compound also - 

contains parallel chains with the copper atoms bridged by Cl and 

S4N4 bridges. The coordination of the copper atom is now that of a 
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distorted octahedron with four equatorial Cl atoms and two axial 

nitrogen atoms. The S4N4 ring is connected to the Cu atoms by 

two neighbouring N atoms and in its conformation and dimensions 

it is very similar to the uncomplexed S4N4 molecule. 
68 

N/S\ 
I 
S I 
I i 

“\,/” 

I I \culcl\cu/ 
1 -----Cl/ \ 

(22) - 

The reaction of S4N4 with FeCl3 in CC14 gives the monomeric 

adduct a-FeCl3_S4N4. In the complex the S4N4 ring is bonded via 

one of its nitrogen atoms to the iron atom of the FeC13 group to 

give a tetrahedral coordination around the iron atom. The 

structure thus resembles that of BF3. 

known. 
69 

S4N4 which was previously 

The reaction of S4NSCl with silylated sulphodiimides or a 

substituted urea in a molar ratio of 1:l has been shown to lead to 

the covalent derivatives (23). - 

S4N5C1 -I- Me3Si-X-SiMe3 e S4N5-X-SiMe3 f Me3SiC1 . . . (24) 

(23) 

X = -N=S(Me)2=N-, -N=S=N-, N=S=N- or 

0 

-N=S=N-, 

cl 0 
-N-V?- 
he 0 Me 

The reactions of S4N5-N-S(Me)2=N-SiMe3 have been studied under a 

variety of conditions. The reaction of S4N5C1 with Me3Si-X-SiMe3 

in a molar ratio of 2:l was shown to yield (24) which contain two - 

S4N5 cages bridged by a sulphodiimide group and were extremely 

explosive compounds. 
70 
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2S4N5Cl + Me3Si-X-SiMe3 j + 2Me3SiC1 

(24) - 
- . . (25) 

X = -N=S(Me2)=N or -N=S=N- 

0 

Qualitative arguments from molecular orbital theory have been used 

to rationalize the essential features of the structures of S4N5-, 

S4N5 
-I- 

and S N 
5 6' 

Possible degenerate rearrangements of all three 

species were discussed and an extension of the proposed mcdel also 

allowed an understanding of the structures of As4S5 and B-P4S5 to 

be gained_ 
71 

Pentasulphur hexanitride, S5N6 and dimethylpentasulphur hexanitride 

'sN6(CH3)2 _ (21) have been prepared in high yield by the reaction of 

S4N4Cl with Me3SiN=S=NSiMe3 and Me3SiN=S(Me2)=NSiMe3 respectively. 

A crystal structure analysis of (25) showed a basket structure in - 
which an -N=S(CH3)2=N- unit bridges two sulphur atoms of an S4N4 

cradle. 

C 
\ 7 

/” 
AS\. 

s\ \ 

\ N\s/ NAS 

/ 
“\yN 

(25) 

Whereas the bonding in the S4N4 cradle is similar fz.0 that in 

'gN6' 
with transannular S... 

$ 

S distances of 2.433 and 3.9088, the 

S-N bonds f the handle are much shorter than those in S5N6. A 

crystal structure determination of S5N7SiMe5 _ (26) prepared from the 

reaction of S3N3C13 with Me3SiN=S(Me2)=NSiMe3, showed the neutral 

S4N5 unit to contain an S3N3 ring having three sulphur atoms of 



coordination number 3 in which there is a high degree of IT 

delocalisation. This ring is bridged by an -N=S=N- unit with N-S 

bonds of predominantly single and double bond character. Five 

S .S interactions were observed in the range 2.736-2.8462 with a 

s&h of 3.8148.72 

s’“\s 

I 

“\\/,, 
Me’ 'N-SiMe 

3 

The reaction of S4N4 with tetraphenyldiphosphine in toluene has 

been shown to give the six membered heterocycle Ph2PS2N3 (27) the - 

structure of tihich has been determined by X-ray crystallography. 

s/“\s 
I I 
N\,/N 

Ph' \Ph 

(27) - 

The five atoms N-S-N-S-N were coplanar to within 0.058 but the 

phosphorus atom was found to be 0.282 out of plane. S-N bond 

lengths were between 1.560 and 1.5838.73 

Chlorine-35 n.q.r. spectra for the six membered ring systems, 

CV-(NSC~O)~, cis(NSC10)2(NPC12) and (NSClO) (NPC12)2 have been 

recorded in the temperature range 77 to 300K and at 293K and 

pressures in the range l-700 kgcm 
-1 74 

. An eight membered S-N-B 

ring compound (28) has been synthesized by the reaction of - 

dichlorophenylborane with S,S-dimethyl-N,N'-bis(trimethylsilyl)- 
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sulphodiimide. 

Ph 
I 

Me N-SiMe 
3 Me 

\@ 
N-B-N 

2 2C6H5BC12--+ 
\ ,Me 

+ /"\ 
+ 4Me3SiC1 

3 
Me N-B-N 

AMe 

I 
Ph 

(28) 

An X-ray structure determination showed the ring to exhibit 

significant deviations from planarity. 75 

An X-ray structural analysis of the compounds (29) and (30) has - - 
been described. Two types of S-N bonding are found in the 

pyramidal S'" N3 moieties in both compounds with the exocyclic bond 

being significantly shorter than the two endocyclic bonds. The 

CMe 3 

I 

Ph 

Et 
\ 

N=S 

‘+ Ph 

(30) - 

S=N bond in these compounds is more similar to those 'in sulphur 

diimides co 

Q 

taining a twofold coordinated SIv than to those in 

N-sulphonyl ulphilimides or the SN3 moiety in the tris(tosyl)- 

sulphurtriimide dianion, which contain a three-fold coordinated 

S=" . This analysis shows that the length of the formal S '"=N double 

bond does not in general depend on the coordination number of the 
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sulphur. 
76 

The reaction of S4N4 with cis-PtC12(NCPh)2 has been shown to yield 

the novel complex (31) - in which a formally singly negatively charged 

S3N3 group is coordinated as a planar tridentate ligand to the Pt"_ 

N2\ 
/ Sl 

s2 

\ 
I 

/“’ i’ s2 

\N2/s1 

(31) - 

All S-N bond lengths have values between 

and a double bond, the shorter distances 

-Cl 

those for a single bond 

of 1.592 (S1-N2, S2-N2) 

correspond to those found in S4N4 (1.60-l-632), and the longer 

distances of 1.68x (S2-N1) to those found in S4N4H4 (1.663-1.6692. 

A geometrically very similar S4N3 skeleton has been found in 

1,7-bis(p-tolyl)tetrasulphur trinitrogen chloride. The compound 

has a melting point above 250°C and is soluble in toluene and 

acetone to give red solutions." 

Some cyclic sulphur-nitrogen compounds containing one carbon 

atom in the ring have been prepared. 

silyl substituted ureas with S3N3C13 

0 
II I 

The reaction of trimethyl- 

gives the compound (32). - 

RI 1 + \ 
-N-S-N 

/ 
R-N-C-N- R- + S3N3C13 j O=C 

I I \ 
+ 2Me3SiCl 

SiMe3 SiMe3 
R 
/ 

(32) 

. ..(27) 

R = R1 = Me or R = Me, R 
1 

= Ph. 

The chloride ion in (32) can be replaced by the anions SbCl -, - 

SnC15-, TiC15- and AsF6- 
16 

and the reaction of (32) when R=R =Me, - 

has been shown to give the substitution product (33) which contains - 

an exocyclic S-N bond. 
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(32) + 3 - Me SiNR2 q (S3N5(Me)2CO)NR2 + Me3SiCl . ..(28) 

R=Me, Et. (33) - - 

The methylation of a nitrogen atom in S N CO 
2 2 

has been shown to be 

possible by reaction with (CH,OSO)+AsF6- to yield (341, the 
structure of which was discussed on the basis of.mass- and i-r. 

spectroscopic investigations. 78 

S-N 

\ N;s,c=o + (CH30S0)+~~F6- - 

The synthesis and 

the Lewis acid AsF 
5 

/CH3 

SIN 
I 

\ 
c=o 

N\s/ 

(34) - 
I 
+ 
AsF6- + SO2 

. f . (29) 

X-ray structure of a lrl adduct of S2N2C0 and 

has been described. The adduct (35) comprises - 
a five membered ring bonded by the exocyclic oxygen of the C=O 

group to an octahedrally coordinated As atom. 79 

F 

I/ 
o-C/Nls 

F- As -F I 

F 4 
\ 

S-N 
F 

(35) - 

A series of X6- thiadiazetidinones (36) have been prepared from - 
the reaction of sulphur triimides and an excess of RNCO. Reaction 

RN\ AN\ tgUN//S=NtBu + RNCO - m//S\N,C=O 

(36) - 

- - _ (30) 

mechanisms for the formation of (36) and the properties of this 
80 class of compounds were d.iscussed. 
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The reduction of 4-phenyl-1,2-dithia-3,5-diazolium chloride with 

thiacyanate ions has been shown to give the black, air sensitive 

compound (PhCN2S2)2. A crystal structure determination has shown 

that within each dimer the bridging mean S.. .S distance is 310.9pm, 

and that the two half molecules within each dimer are slightly 

twisted with respect to each other. The short mean CN S 
22 

ring 

distances (C-N 133, S-N 162 and S-S 209pm) and the PhCN2S2 

coplanarity suggest that the rings are aromatic with one electron 

pair delocalised at the four disulphide sulphur atoms. 
81 

The eight membered ring compound (37) [so~(NR)~PR']~ with R=Me, 

Et, R'=Me, Ph has been prepared from substituted sulphamides and 

dichlorophosphanes in the presence of a tertiary amine. Reaction 

of (m) with PC15 yields the spirocyclic derivative (s), whilst 

reaction with methyl iodide results in the opening of the 

8 membered ring and the formation of phosphonium salts (39). 
82 

- 

R' 
I 

R R 

O\,LH 
\ /'\ /R 

//S\N_H + 2RIPC12 

4R3N ,OWN 

0 
/\ 

N\ /p 
4R3NHC1 

0 
's\\, + 

A R/N\p/N\R 

kl 

R R’ (37) - 

37a Ph Et 

b Me Et 

C Ph Me 

d Me Me 

. . . (31) 

. _ _ (32) 
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(za,b) + 2MeI _p<>p<;$:“I I- + RPMeI 

R=Ph or Me . ..(33) 

6.2.4 Bonds to oxygen 

The reaction of S80 and SbCl 
5 

in CS 2 has been shown to yield the 

adduct S80.SbC15 _ (40) in 71% yield. X-ray structural analysis 

showed that the compound contained S 
a 0 in an isomeric conformation 

compared with pure SaO. The latter may be recovered from the 

adduct in its usual conformation by recrystallisation from acetone 

or CS2_ The SaO unit differs from molecular S80 by an equatorially 

bonded oxygen atom as well as by significantly different S-O and 

S-S bond lengths. The S-O bond length increases from 148.3 in 

SaO to 155pm and the adjacent S-S bond lengths have decreased from 

220.0 to 211.lpm. At 25OC decomposition of the adduct to SOC12, SbC13 

and S was observed to be complete within five minutes. a3 
a 

The first complex of a homocyclic sulphur oxide, (41) formed from - 
S60 is in an otherwise unprecedented dimerization has been described. 

The reaction of S60, SbC15 and solvent CS2 at -5OOC has been shown 

to yield the adduct S1202.2SbC15.3CS2. In the crystal the SbC15 

groups together with bridging oxygen atoms have approximate Oh 

geometry. The conformation of the S12 ring differs 'completely from 

that observed in cycle-S12. 
a4 
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Cl 

I Cl / 

Cl' 
Sb-C1 

I 
Cl \ 

/7's Ols 

S’ 
_S 's'\ 

\ &. 
SAS 

S 

'O Cl 
s\s/ 

\I 

Cl' 
Sb-Cl 

/ 
Cl 

\ 
Cl 

(41) - 

The smallest perfluorinated cyclic disulphone (42) has now been - 

obtained by the oxidation of the correspqnding cyclic disulphide 

with Cr03/HN03 mixture. The white crystalline product, isolable 

“\ A”\ /F 
FAc\ /\F 

oAo 
(42) - 

by sublimation, possesses an unusually high symmetry, having a 

planar ring with F and 0 atoms each in a plane vertical to each 

other and to the ring plane. The analogous reaction of tetra- 

chloro-i,3 dithietane by the same method was found to fail due to 

rapid hydrolysis, but the reaction with KMn04 in glacial acetic 

acid gave the product (43) which is likewise sublimable and was - 

recrystallised from petroleum ether. 
85 
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Cl cHS\ccl 
O\\ // 

KMn04 c1\ Y\,=l 

2\s/ 2 IJAc Cl/=\S/=\Cl 

(43) - 

HN03 Cr03 

1 

0 
\ //O 

c1\ _/\ ,c1 
Cl/c\S/c\Cl 

oJ No 

. ..(34) 

Electronegativities for some RS02 groups have been estimated frcm 

the S-Cl bond lengths of sulphonic acid chlorides by the use of the 

Schomaker-Stevenson equation. 
86 

An X-ray structural study has been carried out on the 2:l 

addition product of SO3 to dicyane. The compound (44) proved to - 

be a formal "criss-cross" cycloaddition product in which two 

molecules of SO 
3 

are added to dicyane to form a heteropentalene 

system, in which the bicyclic ring system is planar. 
87 

O\/“\ ,o 

’ /lo NNc\O 

(44) - 

A new, and more direct method for the preparation of l,l,l- 

trimethyl-N-sulphinylsilanamine, Me3Si-N=S=O has been described. 

A measured amount of SO2 was added to hexamethyldisilazane 

(1:l or 1:3 HMDS:S02) cooled to liquid nitrogen temperature. On 

warming to room temperature reaction proceeds as soon as the 

mixture becomes molten. The detailed stoichiometry of the 

reaction has not been determined with certainty but the amount of 

Me3Si-N=S=O produced represents some 22% of the total mass of 
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reactants used. 
88 

A crystal structure study has shown the 

adduct LiAlC14. 3SO2 to be comprised of parallel strings of 

composition Li(S02j6,2. The spaces between the strings being 

occupied by nearly ideal tetrahedral AlC14 ions.*' 

The complexes Rh(NH3)50H2+ and Cr(NH3)50H2+ have been shown to 

react very rapidly with dissolved SO2 to form the oxygen-bonded 

sulphito species Rh(NH3)50S02.& and Cr(NH3)50S02+ respectively. 

The unstable Mn(NH3)50S02+ species lose SO2 on acidification to 

regenerate Mn(NH3)50H2+ or undergo subsequent isomerization and/or 

substitution reaction. The kinetics of the SO 

studied over wide pH and total sulphur ranges. 
96 

uptake were 

The first compound to contain the SO ligand, (45) may be - 

regarded as an intermediate in the reduction of sulphite to 

sulphide by iron carbonyl hydrides. 

co /\i /CO 

CO ->Fe 

co ~.-jyF~~co 
S 

(45) - 

The Fe3S0 group is of interest as a model for the chemisorption 

of so2 onto metals. The S-O bond length of 147pm corresponds to 

that in free SO (148pm) and many other S=O double bonds. '1 Ir . . 

and Raman spectra for Fe (CO)8S02 in the solid state at 300 and 

1OOK have been reported. 
32 

The crystal structure of FeS032fH20 has been reported- The 

S-O distances in the sulphite ion are 1.527, 1.540 and 1.5342 and 

the Fe-O distances are in the range 2.037 to 2.2848.g3 An X-ray 

study of the anhydrous sulphite FeS03 shows the iron atom to 

possess a distorted octahedral coordination involving oxygen atoms 

from six different SO3 groups. The SO3 groups have the point 

group symmetry Cl with average dimensions of S-O 1.5438, O-O 2.4152 

and an O-S-O bond angle of 103.04 0 94 . Thermal analysis, X-ray, 

i-r. and Raman data have been reported for a series of hydrates of 
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manganese and zinc sulphites. Under an SO2 atmosphere the 

sulphite hydrates could be dehydrated without the simultaneous 

dissociation to the oxide and sulphur dioxide taking place. 
95 

The structure of the HS03- ion has been determined for the first 

time in a study of the crystal structure of CsHSOS. The sulphur 

atom shows tetrahedral coordination with three pyramidal S-O bonds 

and a S-H bond in the other direction. Bond distances (S-O 

1.4542) were found to be similar to those observed in the SO 2- ion 

and differed markedly from those observed in the SO3 
2- ion 9g The 

kinetic behaviour for the decomposition of M2S206 to M2S04 in the 

solid state has been studied by following the vs mode of S206. 

The sodium salt was found to follow first order kinetics but the 

behaviour of the potassium salt could not be accounted for. 
97 

The same vibrational mode has also been usea to study the kinetic 

behaviour of M2S208-+M2S207 using Raman spectroscopy. 
98 

A survey has been conducted of the triboluminescence of 45 

common inorganic sulphates. 
99 

The mixed crystals KNaS04 and 

K3Na(S04)2 have been prepared by heating mixtures of K2S04 and 

Na2S04 in Pt crucibles at 1273K for 2h. Both compounds possess 

structures built up of tetrahedral SO4 groups with different types 

of M-O polyhedra. 
100 

The crystal structure of the high temperature 

has been redetermined. 
;;r;20z ;:;:t,-1 

The net entropy change 

. ) at the phase transition point (860K) was 

successfully explained by the configurational change of the SO4 
2- 

groups in the low and high temperature forms. 
101 The phase 

system NH 4+1 lS042-, S03NH2-, -H 0 has been studied and the 40, 60 

and 80°C isotherms obtained. 
lo22 An X-ray and neutron diffraction 

study of HgS04. H20 has shown the mercury atom to be coordinated 

to one oxygen atom of the SO4 group and one water molecule forming 

discrete HgS04.H20 groups. The three dimensional structure is 

made up by hydrogen bonding and four more distant oxygen atoms from 

different sulphate groups complete the irregular octahedral 

coordination of the Hg atom. 
103 The formation of anhydrous double 

sulphates of the type NaR(S04)2 has been established for the entire 

series of rare earth elements. Five different structural types 

were observed and unit cell parameters were determined. 
104 The 

preparation, i-r. and visible spectra of some new hydrated 

sulphate complexes of uranium(IV) have been reported. The use 

of i-r. spectra enabled neutral and basic sulphates to be 

distinguished. 
105 
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changes in the thermodynamic functions AGO, AHO and AS0 for the 

formation of AgT(I) complexes with the general formula 

Ag(S203)n(SCN2H4)m(SCN) 1-2n-p 
P 

and the diagrams defining the range 

of existence of the following complexes : 1-2n-p and 

Ag(sCN2H4)m(SCN)p 
l-p . 

Ag W203) n (SCN) p 

in an aqueous medium have been reported. 
106 

The thermal decomposition of Na2S203 and K2S203 have been studied 

using T.G.A. and by recording the i-r. and Raman spectra of 

products formed when the two salts are heated to various temperatures 

in air and in N 
2' 

The polysulphides, Na2S2 and y-Na2S5 were formed 

from Na2S203 and K2S3, K2S4 and K2S5 in the case of K2S203_ In air 

subsequent oxidation gave the sulphate as the final product. Studies 

on the decomposition of solid mixtures of Na S 0 
223 

and Na2S0 
3 

supported the hypothesis that sulphite is an intermediate in the 

decomposition. 
107 

A crystallographic study of Na2S206.2H20 and 

Na2S206_ 2D 0 has been carried out and the electron distribution in 

the S206 
2-2 

anion determined on the basis of four models. 
108 

The 

thermal decomposition of compounds of the type M2S208 where M=Na, 

K, Rb or Cs, has been studied. In addition to the detection of 

isotherms representing the decomposition of peroxydisulphate to 

pyrosulphate, and the endotherm associated with the fusion of 

pyrosulphate, the previously unreported phase changes of Cs2S208 

and K2S207 were observed. 
109 

The kinetics of the Ag(I)-catalysed 

decomposition of the peroxydisulphate ion in aqueous solution 

have been investigated. The reaction rate is not influenced by 

the addition of Ce 3+ ions 

' 

but is greatly accelerated by acrylamide 

and/or Cu2+ ions, and retarded by acrylonitrile. The formation 

of oxygen due to the reaction was observed to be completely 

retarded by the addition of Ce 
3+ ions 110 

. 

Standard heats of formation of S02ClF and PbClF have been 

determined from heats‘ of hydrolysis and precipitation respectively. 

The enthalpy of PbClF was found to be more negative than the mean 

of the corresponding difluoride and dichloride but the opposite 

was true for S02C1F. These result appear to controvert the claim 

that reaction of PbF2 with S02C12 produces SO2ClF exclusively. 
111 

Detailed energy balance studies of the single-collision 

chemiluminescent reaction of metastable Sr atoms with SOF 
2 

and 

SO2F2 have provided the following bond dissociation energies 

(in kJ/mol) FSO-F = 362, SO-F = 337, FS02-F = 379 and S02-F = 229.112 

Tris(fluorosulphonyl)methane, HC(S02F)3 has been prepared by the 

following sequence of reactions. 
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H3C-CO-NHPh 
Oll3.Zlll Ba2+ 

K2C03 
*HC(S03-KC)3 - HC(SO,-B;_,), 

H2S04> 
HC(S03HJ3 

SF4> 
HC(S02W3 . . . (35) 

Salts with K+, F&+ and Cs+ as counterions crystallise from water 

in order of decreasing solubility and crystal structure analysis 

shows the CS3 skeleton to be planar (46). The halogen derivatives 

KC(SO,P), were also synthesised. 113 - 

O\ lo 
FIS lc /” 

s-o 

Fhi 
/ 

o/ ‘0 
\ 

F 

In the reaction of MeS02F with hydroxylamine, the products 

MeS02N(H)OH, H3NOH*MeSO3- and H5N2+MeS03- have been observed. 

H2NO-SiMe3 reacts with MeS02F to give mainly H5N2+MeS03- and these 

results were explained on the basis of consecutive reaction of 

the intermediate MeS020NH2. 
114 

The novel salt NF4+S03F- has been 

prepared by the reaction of NF4SbP6 

solution at -78Oc_ 

and CsS03F in anhydrous HF 

In HF solution the compound is stable at room 

temperature but on removal af the solvent the solid slowly 

decomposes at temperatures above 10°C to produce FOS02F and NF3_ 

The ionic nature of the comp,ound both in the solid state and in HF 

solution was established by Raman and 
19 

F n-m-r. spectroscopy. 

cs2s04 was found to react with anhydrous HF to give CsSO F 
3 

as the 

major product. 
115 

Au(SO~F)~ has been shown to be an excellent 

fluorosulphate ion acceptor giving the ion [Au(S03FJ4]- and a 

number of complexes of the ion with Br3+, Br5+, 
+ 

and 

I(S03F)2 
+ 

have been prepared. 116 
Br(S03F)2 

The synthesis and characterisation of the new hypohalites 

CF3S03C1 and CF3S03Br by the reaction of CF3S03H with ClF and 

CF3S03C1 with BrZ have been described. The assignments of the 

Raman spectra were aided by the analysis of the spectra of CF3S02F 

and CF SO OH which are reported for the first time. 
117 

-3 2 
Aqueous 

SO4F has been shown to decompose to form 02, H202 and HS05-. The 
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H2O2 
and O2 products both contain one oxygen atom from solvent and 

one from the fluoroxysulphate. The HS05- product also contains 

one oxygen from the solvent in its terminal peroxide position. 
118 

A high pressure mass spectrometric technique has been employed 

to determine the heats of formation of S02C1- and (S02)2Cl-. 

Values obtained were AH0 

k cal/mol. 
119 

f(M) = -151.5 (S02C1-) and -234.8 (S02)2C1- 

The electrochemical fluorination of C1CH2S02C1 has 

been shown to give CF 
4' 20 

CF3C1, S02F2, SF 
6' 

CF3S02F and C1CF2S02F 

as the main products. A study of the methane sulphuric acid 

solvent system shows it to be a weaker acid than H2S04. Acid-base 

titrations in the acid with strong acids indicate that the bulk of 

the current is carried by CH3S03H2+ and CH3S03- ions_121* 

The crystal structure of K3[CH(S03)3].H20 has been determined. 

The S-C-S angles (ca. 113O) indicate an expansion from tetrahedral 

stereochemistry and the S-C bond lengths (ca. 1.8d) are 

appreciably longer than those found in di- and mono-sulphonate 

salts. 
122 

A crystal structure study of K3[N(S03)2].H20 has shown 

the nitridosulphonate ion to have the structure (47) and to possess - 

an N-S bond length (1.6092) markedly shorter than those observed 

for K(NH2S03)(1.666a), K2[NH(S0 )2] (l-6742), K3(N(S03)2).2H20 

(1.712) and NHJ+S03- (l-762). 
123 

o\s/N\s/o 
0’ \ 0 -0 

0 

(47) - 

The molecular conformation (48) has been found in the compound - 

K2 (03SONHS03). In this ion the N-S bond length (1.7042) is 

longer than that found in K2(NH(S03)2) in which both sulphonate 

groups are bound directly to nitrogen. 
124 

s /O O\ 
O/S\o,Nyj+o 

(48) - 

Electrical conductivity measurements have been reported for solvent 

ions in trifluoromethanesulphonic acid of a number of simple and 
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complex bases, including univalent and divalent metal 

trifluoromethanesulphonates. 
125 

The synthesis of the first 

trifluoromethanesulphonate esters of the type CF3S03(CH2)n03SCF3 

(n=1,2,3) has been reported. The new compounds are prepared from 

Cl(CH2)hCl by substitutive, electrophilic dehalogenation reaction 

with CF3S020X (X=Cl,Br). The extension of this reaction to 

HCC13 results in the formation of HC(03SCE3)3 but at 22OC the 

compound is unstable. 
126 

The preparation of trifluoromethyl 

trifluoromethane sulphonate CF30S02CF3 has been reinvestigated and 

the results did not agree with earlier work and a revised reaction 

mechanism was proposed. 
127 

An e.s.r. study of the generation and 

structure of aminosulphuryl (sulphamoyl) radicals R2NS02- has been 

carried out. 
128 

Extensive ab initio molecular orbital calculations 

on six sulphonyl radicals XS02 (X=H, Me, NH2, OH, F and Cl), the 

simplest sulphinic acid HS02H and its isomeric sulphone H2S02, 

the HS02- anion of sulphinic acid, the isomeric anion SO H- and 

the S02H radical have been described. 
129 

2 
The reactions of 

hexafluoroacetone with some simple alkyl sulphides as a route for 

the formation of cyclic sulphuranes has been studied. 
130 

6.2.5 Sulphides 

The reaction of sodium and sulphur in liquid ammonia under 

pressure has been used to prepare Na2S3 whose existence has 

previously been in dispute. For reaction temperatures of 300 to 

320K and a pressure of 2000 bar a compound Na2S3_NH3 was isolated. 

Crystal structure studies showed it to contain bent S3 2- polyanions 

as a characteristic feature. The compound decomposes at 510K. 
131 

The extremely hydrolysis sensitive compound (BS2)8, obtained 

by fusion of a mixture of B2S3 and S8 in vacua at lOO-300°C has 

been found to have a planar structure (49) analogous to porphine. 
132 

- 

s~s\B/s\B~s\s 
\ I 
B-S S-B / 

/ \ 
S S 

\ / 
B-S S-B 

/ I I\ 
S 
\s/B\,/B\s/B\s/s 

(49) 
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Raman spectroscopic measurements on a series of LiCl-CsCl and 

CsCl-AK13 melts have shown that dissolved tetrachloroaluminate 

and sulphide ions at temperatures around 400°C react in a ratio close 

to It1 to form clear solutions sometimes with gel precipitates. A 

glassy compound (CsAlSC12)- was prepared indicating the possible 

existence of a homologous series of chain-like ions (AlnSn_lC12nt2)n- 

with n>,3 and polymeric (AlSC12):- for large values of n. These 

ions are characterized by a strong polarized Raman band near 325 cm 
-1 

which was assigned to AlC12-S-AX12 units. In neutral and acidic 

chloroaluminate melts the ions dissociate, forming solid AlSCl and 

dissolved species such as (A1nSn_lC12n+2_m) 
(n-m)- 

. The solutions 

gave a Raman signal assignable to the doubly bridged units (50) - 

within the ions. 
133 

\,l"'Al' 

/ \J \ 

(50) - 

The crystal structure of the new compound In5S4 shows corner 

sharing In2S3 tetrahedra with one of the In atoms at the centre of 

the tetrahedron and the other In atom as the common corner of four 

tetrahedra. 
134 

The new ternary compounds Rb6In2S6 and Ftb41n2S5 have been 

prepared by a disproportionation reaction starting from elementary 

Rb and indium monosulphide. The basic unit of both compounds was 

the quasi-molecular [In2S616- group which is isoelectronic with the 

gas phase molecule In2Cl6. The group consists of two edge sharing 

In.54 tetrahedra. 
135 

An excitation spectrum of the triplet-singlet band system of CS2 

vapour has been measured in the range 365-378nm using a tunable 

laser source. 
136 Carbon disulphide has been shown to react with 

trans-[(PMe3)2Pd(CH3)I] by insertion into the Pd-CH3 bond to form 

the dithioacetate complex trans-[(PMe3)2Pd(S2CCH3)I]. In contrast, 

insertion of CS 2 into one of the Pd-PMe3 bonds occurs in the 

reaction of CS2 with trans-[(PMe3)2Pd(COCH3)I] and [(PMe3)3PdR]BPh4 

(R=CH3, COCH3, C6H5) to give the complexes [(PMe3) (S2CPMe3)Pd(COCH3)I] 

and [(PMe3),Pd(S2CPMe3)R]BPh4, being the first chelate complexes 

containing the zwitter-ion moiety -S2CP+Me3- 
137 

C5H5(PMe3)Co-(h 
2 
-CS2) 
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has been shown to react with C5H,(PMe3)Co(u-CO),Mn(CO)CgHqMe, not to 

form the expected [C5Hg(PMe3)Co]2CS2 but to give the trinuclear 

complex (C5H5Cc) 3(S) (CS). X-ray structure analysis shows the 

presence of a novel triply bridging thiocarbonyl ligand, in which 

the C-S distance of about 170pm is near to that expected for a C-S 

single bond. 
138 

Knudsen effusion studies of the decomposition of Sn2S3 have shown 

that the compound decomposes according to the reaction: 

Sn2S3(5) __3 2SnS(s) + G*(g) ___ (36) 

The standard heat of formation and absolute entropy of Sn S3 were 

found to be -254.5 kJ/mol and 170.5 J/K.mol respectively. 133 

The vibrational spectra of the cage compounds P4S3, P4Se3 and 

As4Se3 have been studied in both the solid and molten states. 

The spectrum of crystalline As4Se3, which decomposes during melting 

was also investigated. 
140 

The gas phase i-r., and liquid phase 

Raman spectra of (CF3)2EXCH3 (E=P, As; X=Se, S) have been 

investigated and the spectra assigned on the basis of C, local 

symmetry. 
141 

Crystals of Ta(PS4(S2) have been grown by vapour 

transport and a structure determination showed the presence of 

TaS12 units linked by tetrahedral PS4 units to form endless chains. 
142 

A new method; the reaction of P4S3 with PI3 in CS2 solution, has been 

used to prepare B-P4S312. Attempts to prepare As4S312 by classical 

methods failed : the reaction of As4S3 with AsI led to the 

formation of As4S4 whilst As2S3 and As4S4 reacted with AsI to give 

A~s1.1~~ 

The reaction of SnS and SbI3 mixtures has been used to prepare 

the new compound Sn2SbS213; the structure of which is composed of 

parallel ribbons of (Sn S I ) 
1342 2 n 

linked together by coordination 

polyhedra of antimony. 

The existence of the thiovanadyl ion V=S 
2+ 

has been established 

by reaction of V=O(salen) and V=O(acen) with B2S3- Spectra 

indicate that the V=S stretching vibration appears in the 550cm 
-1 

region and its stretching force constant is substant$ally less than 

that of the vanadyl analogues. 
145,146 

Single crystals of several 

V5'8 and V2S3 compounds have been grown by chemical transport. 

Electrical conductivity measurements showed metallic behaviour 

without any dependence on compositional variation. 
147 

The 

transition metal carbonyls M(CO)6 M=Cr, MO, W, and M3(CO)12 M=Ru, 0s 
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