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that the superoxide ion 02' (HO;) is formed during the near-u.v. 

photooxidation of tryptophan and that the species has at least 

two fates, one of which is the formation of H 0 
6 

?.n investigation 
7 

2 2. 
of the chemical reactivity of the superoxide ion in some aprotic 

solvents has confirmed the non-oxidative nature of 02'. For example 

it was shown that it is thermodynamically unfavorable for 025 to 

oxidise 3,5-di-tert-butylcatechol or its anion in acetonitrile by 

direct one electron transfer. The apparently efficient production 

of singlet oxygen in the reaction of 02: with the oxidising agents 

benzoyl peroxide and lauroyl peroxide has been reported. 8 A series 

of observations suggests that a significant fraction of the oxygen 

generated in these reactions is in the excited singlet state, 

presumably g. 1, Substantial yields of the superoxide ion have been 

obtained when tetralkylammonium hydroxide was added to hydrogen 

peroxide in pyridine. 9 
The ion was identified by the e.s.r. spectrum 

at 77K and by cyclic voltammetry. 

The crystal structure of the compound 4Na SO 
2 ~~2H~p~~~~~'o~,"'o*,"ethne 

determined and shows several unusuai features. 

nine Na + ions in the molecule has a coordination number of eight 

(a tetragonal prismatic array of oxygen atoms); secondly, tunnels in 

the structure running parallel to the c axis contain H202 in an 

apparently disordered state: and thirdly that some ordering of the 

H202 molecules occurs parallel to the a and b axes. 

Structural data on the recently formed species H502+ SbClg show the 

presence of isolated H502+ ions. 11 For the first time this species 

has been obtained free from association either with other weaker 

molecules, or with strong hydrogen bonds to other species. The 

measured O-O bond distance of 2.522 is similar to that found for other 

room temperature hydrogen bond distances in H50z species. The 

environment of the H501 ion in this compound is symmetrical in all 

directions and the angles of the O-O-Cl contacts would indicate weak 

hydrogen bonds between H50: and SbCli. 

The matrix i.r. spectrum of the 02Br radical as obtained by the 

simultaneous condensation of bromine and 02 in argon matrices on to a 

10K i.r. transmitting window has been reported. 
12 

The frequency 

observed for v1 of 02Br (1487 cm 
-1 

) was found to lie between that 
-1 

observed for 02F (1494 cm 1 and 02C1 (1441 cm -l) . This apparent 

anomaly was rationalized on the basis of a weaker O-F bond giving a 

higher than expected vl frequency. The reaction of 02F2 with polymeric 

VF5 
in the temperature range -119 to -78OC has been shown 13 to lead 
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first to the reaction intermediates : F-O---O-'-F..-V2Flo or 

02F+ + F- 
-l- VZF1O. 

On increasing the temperature a new compound 

O2+V2%1 
was formed which, in turn, decomposed rapidly at room 

temperature. Raman studies of these species as well as of 02F2 in the 

solid were also reported. 

6.2 SULPHUR 

6.2.1 The Element 

A low temperature (-90°C) X-ray structural analysis of S6 has 

yielded improved data for the bond distances (206,8pm), bond angles 

(102.6O) and torsion angles (73.8O) of the D3d molecule. 
14 

These 

values are in agreement with those predicted by current theories on 

homonuclear sulphur bonds. 

Cycloheptasulphur, S7, has been isolated in pure form from quenched 

sulphur melts by fractional extraction and crystallization, exploiting 

the tendency of S7 to form supersaturated solutions in CS2. 15 

Precipitation was achieved by inoculation with S7 or addition of finely 

ground glass. The S 7 thus obtained showed no contamination by S8 or 

S6 in the Raman spectrum and was identical with that obtained as a 

condensation product from (Et)2TiS5 and S2C12. The yield was about 

10% of the S7 present in equilibrium in liquid sulphur at 159OC and 

most of the unconverted sulphur could be processed again for the 

synthesis of further S7. Raman and i.r. spectra of four allotropes of 

cycloheptasulphur have been reported. 
16 

~11 15 fundamental vibrations 

of the S 7 molecule were observed and assigned in accordance with the 

molecular point group Cs_ Entropy, heat capacity, and other functions 

of gaseous S, were calculated by statistical methods and evidence for 

pseudorotation of S7 in the vapour state presented. The molecular 

structure as well as the valence force constants of S7 were rational- 

ized by a qualitative molecular orbital treatment_ 

The thermal decomposition of S 02 and S70 in CH2C12 or CS2 solution 

at temperatures between 20 and 5 
8 

17 
C has been shown to yield S02, 

polymeric sulphur and Slo. The latter was obtained as pure single 

crystals in yields of 7 to ll%.with regard to the starting materials 

S6 and S7 respectively. 1.r. and Raman spectra of Slo as well as of 

the new molecular addition compound S6_Slo were also reported. An 

X-ray structural study on cycle-decasulph-ur, Slo, as prepared by the 

above method has shown 
18 that the four Slo molecules in the unit cell 
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symmetry positions, but to a good approximation have the 

point group symmetry D2. Six atoms of the ring lie in a 

two atoms axe situated above and two beloW the plane 

(Figure 1). This conformation, which has not hitherto been observed 

Figure 1. P1olecular structure of SIG. 

in sulphur chemistry does not correspond to the previously predicted 

Dsd symmetry. The arithmetical mean bond lengths (205.6 pm) and 

valence angles (106,2*) closely correspond to the values observed in 

512. The lower thermal stability of Slo compared to that of S 
0 ah;:; $12 

was attributed to the four iarge torsion angies of about 123 

exceed the previously observed values in sulphur rings by more than 

20". 

A discrepancy has been observed between the powder X-ray diffraction 

patterns previously reported fox 6-S and those recorded from samples 

of sulphur held at temperatures between 100 and llS°C. 
19 The latter 

data agrees well with that calculated using single crystal data for 

G-sulphur. 

A molecular orbital study has been used to provide explanations, in 

terms of the one-electron orbital energies and wave functions, for the 

structural changes observed on oxidation and/or reduction of S3, S4, 

'6' 
and S8. 

20 
For S3 a Walsh diagram was generated which predicts 

successively larger bond angles in the series S:-, Si and S3_ The 

geometry changes upon successive double reductions of square planar 
zi- 

s4 
to planar (Czv ) S4 and finally to helical S:- were successfully 

explained. 

Four different cationic species have been produced21 by the anodic 

oxidation of sulphur in a NaCl-AlCl3 (37:63 mol.%) melt at 150°C. 

Good evidence was found for the existence of both S(IV) and S(I1) 

cations, The most likely oxidation states for the two other species 

were thought to be +1 and +f. The spectra of S(IV) and S(II) as well 
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the spectra of the possible Sz' and 5;" species were calculated from 

the measured spectra. The oxidation of elemental sulphur on heating 

fn vacuum in silica tubes has been studied. 
22 

The observed changes in 

oxidation state were thought to be due to react&on of the sulphur with 

adsorbed gases and water vapour on the silica surface. This reaction 

may be suppressed by the chemical etching of the silica tubes followed 

by prolonged heating at temperatures above 600°C in vacuum. 

The first derivative of cycle-hexasulphur has been prepared. 23 

Oxidation of S6 by triiluoroperacetic acid at -3.0 to -20% in dichloro- 

methane has been shown to give two different products of the same 

composition of S60, as shown in equation (1). u-S60 is formed when S6 

reacts with the peroxy acid at -20°C within 2 hours in the molar ratio 

3.:X.2 and the oxidation product is precipitated after a further 5 hours 

by the addition of pentane and cooling. Raman spectra showed that 

e-S 0 r-nnf;lir..ail cm;l77 
6 

=Imr\*,n+-E =f s --1. .._.‘.A.C-U 1X\._.._L U.,I”\III s,...z 
6 

2:: solid solutfon wt;fch _~..‘l;l not CVUIU 

be removed by repeated recrystallisations. Attempts to achieve 
^^....rrf.%i^ ..~~f~_i-_~... L"rt&~Lt-L~ "x_LcIaL.L",f. of S L__ ____,_.z__ _L _ LZ-L-- ~~----^L__-_ 6 uy urVIr.Ltly dL d IkLyl‘er rettipr=rarure ;-LO°C j 

and with an excess of peroxy acid led to isolation of B-S60 which also 

ccntained trace53 of s6. Raman spectra of ct- and D-S60 showed 

characteristic differences in wave numbers and intensities but it was 

thought that the two forms do not differ In molecular structure. The 

proposed structure for S60 was analogous to that of S80 with a chair- 

shaped S6 ring and an exocycfic oxygen atom, 
24 

Oxidation of SS with 

excess trifluoroperacetic acid gives rise to the compound ST02 

rather than the expected S802 according to equation (2). The formation 

f so2 f 4CF3C02H (2) '8 + 
4CF3C03H --i, 

SP2 

of S702 from S8 was thought to proceed via the foll.owing steps: 



The reaction product sometimes contained traces of S70 

no evidence for the formation of a higher oxide of S8- 

spectrum of S702 shows the typical lines of an S 
7 

ring 

but there was 

The Raman 

as well as the 

SO stretching and 

-5so-s- groups. 

comparison of the 

SSO deformation vibrations characteristic of 

The structure (1) was postulated as the basis of a 

spectra of S702, S7 and S70. 
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Raman spectral studies of elemental sulphur in A12C16 and 

chloroaluminate melts have given some insight into the nature of the 

dissolved sulphur in these melts. 
25 

The Raman results show that the 

predominant form of sulphur in chloroaluminate melts is S8 and that the 

solubility of sulphur in AlC13 -containing media increases with 

temperature and the Lewis acidity of the solvent. 

6.2.2 Bonds to Halogens 

A study of SF6 by vapour-phase electron diffraction has shown that in 

the gas-phase sulphur hexafluoride is a segular octahedron with an S-F 

bond length (r ) of 1.561f2 and mean amplitudes of vibration of 0.0442 
26 

for S-F, 0.056 ji for F-F(trans) and 0.0612 for F-F(cis). The influence 

of pressure, temperature and buffer gases on the rate and selectivity 

of the dissociation of SF6 in the field of a CO2 pulse laser has been 

investigated. 
27 A simple three-level model for describing the macro- 

kinetics of the dissociation was proposed and the photosensitised 

dissociation of SeF6 was achieved for the first time using a pulsed CO2 
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laser. The reaction of SF6 with SO2 under the action of quasicontin- 

uous radiation from a CO 2 laser has been studied. 
28 

The reaction 

proceeds according to the overall equation (3). A proposed mechanism 

SF6 + 2s02 + S02F2 + 2SOF2 (3) 

shows that the reaction is complex with a first stage involving the 

participation of radicals. The vapour phase Raman spectra of SF6, 

SeF6 and TeFs have been recorded with 488.0 and/or 514_5nm excitation 

at ca.0.5 atm and ca -- 295K.29 - The intensities of the ul(alg), w,(e,), 

and ~5(t~~) bands were determined relative to that of the vl(al) band 

of methane thus permitting the calculation of Raman scattering 

activities and differential cross sections for each band. 

The systematic preparation of partially fluorinated pentafluoro- 

sulphur alkanes containing no additional halogens has been reported. 
30 

Thus the indirect addition of HF (via KF/formamide) to SFSCH=CF2, 

SF5CF=CF2, and SF5C(CF3)=CF2 produces SF5CH2CF3, SF5CHFCF3 and 

SF5C(CF312H respectively. The monohydrylpentafluorosulphur-F-ales 

react readily with S206F2 to form the corresponding fluorosulphates by 

oxidative displacement of H2 while the dihydryl derivative undergoes 

cleavage to produce F-acetyl fluoride. Efforts to convert some of 

these materials to the unknown pentafluorosulphur ketone, SF5C(0)CF3 

were unsuccessful. 

The preparation of CF3SF3 in approximately 90% yields by the direct 

fluorination of CF3SSCF3 in a continuous flow reactor using the 

dilution at -120°C has been described.31 Optimum yields were produced 

after 38 hours: on increasing the time CF3SF was produced such that 

after 72 hours this was the sole product. 
13 

F n.m.r. studies indicate 

that structure (2) is adopted by CF3SF3. 

(2) 
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of HOSF5 and H2NSFS has been synthesized3' by 

SF5Cl + CH2=C=O 
CFC13 20°C 

> 
Hz0 

SF5-CH2-COCl -+ 

SF -CH 2-COOH 
Ag2C03 

5 
3 SF5-CH2-COO-Ag+ 

+Br2 
7 

CFC13 

co2 -I- AgBr + SF5-CH2Br 
Zn/RCl 7 H3C-SF5 

In contrast to its analogues, H3CSF5 shows no tendency to eliminate 

hF at room temperature. The product of such an elimination is 

obtainable, however by another route, i.e. 

SF5-CH2Br 
n-BuLi ) SF5-CH2Li 

-7oOc 

-llo"c 
> H2C=SF4 

N,m.r. data show that H2C=SF4 is not an ylide but instead shows 

carbene type reactions. 

The reactions of RSCI. (R=CF3, CE'2Cl) with HgF2 and AgF have been 

shown to give RSF and the dimeric product RSF2SR in high yield whereas 

reaction with activated KF led only to RSF in low yield. 
33 

The dimer 

was thought to arise via an intermediate complex of the transition 

metal and sulphenic halide- 

In order to obtain experimental evidence for d-orbital participation, 

the homologous chalcogen oxyfluorides, F5SOSF5, F5SeOSeF5 and F5TeOTeF5 

have been prepared and their structures investigated by electron 

diffraction. 34,35 
The results of the structural studies are shown in 

Figure 2 and Table 1. As indicated by the slightly increased bond 

angle and most drastically shortened bond, the (p-d)5 bonding 

contribution seems to be greater in the tellurium compound. 

Pure bis-(pentafluorosulphur)trioxide, SF503SF5, has been prepared 

by the photochemical decomposition of SF5Cl in the presence of high 

oxygen pressures. 
36 

The compound is colourless with boiling and 

melting points of respectively 54.9 and -5!i°C. Its i-r. spectrum 

shows two characteristic bands at 936 and 872 cm 
-1 

and further weak 
-1 

bands at 743 and 730 cm . 

Improved syntheses for the compounds SF5OOSO2F, SF500SFS, and 
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Table 1. Bond lengths&) and bond angles(O) in the compounds F5X-0-XF5 

F5SOSF, F5SeOSeF5 F$eOTeF, 
-I SF6 SeF6 TeF6 

x-o 1*586(llf 1.697(13) l*;j3;::,>.Z: 

X-Fm 1.560(4) 1.681(3) 1*816(4) 1,565 1.689 1.815(4) 

X-F, 1.558(S) l-.683(9) 1.820flO~ 

X-F 
3 

1.572134) 1.665(31) 1.799(4-r) 

3 x0x 142*5f1*6f 142,4(1.9f 145*5(2,11 

5 P VP 87 nfn n' on n,rl 0, 
7 ra"re .Y\U.YJ 00"Y (W.0) SS.i;(O.Sj 

Iilt aVeragei e, equatorial; a, axial, 
___L 

Fiquxe 2, Molecular structure 

F(j SO(jSO,F 37 
2 'nave been reported. 

S2°6F2 
in a static system 

SF500S02F, 85% yields of 

photofysis time to f hour 

appears 

2SF50C1 __3 SF5OOSF5 

for 2-4 hours gave 94-97% 

of F5SOSF5, 

Eiode rate 

to be the 

SF500SF5 coulct be 

for reaction (41, 

4 
cl2 

heating of CsF, SW4 and 

preferred synthesis for 

obtained by shortening the 

whereas ambient photolysis 

(4) 

yields of S206F2 from reaction (51. 

2CLOSO3F j S206F2 4 Cl2 151 

Sulphux difluoride has been produced by halogen exchange of a highly 

diluted SC12-rare gas mixture with AgF ox HgF2 and then isolated as a 

matrix, 
38 

The observed vibrational frequencies are consistent with 

those predicted fxom microwave data, In addition the frequencjes of 
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34 
SF2 were measured so that all the force constants and the bond angl.es 

could be measured. Six new azole sulphur reagents have been prepared 

from their trimethyl silyl derivatives and SxCf2 (x=1, 2). The 

reactions of these reagents are different from those of SC12 or the 
- 

corresponding phthalimide reagent with thiols, amines and alcohols- 
39 

The structure of trichlorosulphonium(Iv) tetrachloroiodate(III) has 

been determined. 
40 

The cation has a pyramidal geometry while that of 

the anicn is square-planar, but interionic interactions lead to a 

distortion of the square plane and to additional contacts to the 

sulphur atom. This gives a greatly distorted octahedral arrangement 

around sulphur with three S-Cl bonds averaging l-9888 and three S***Cl 

^nrr+;lr+~ za7rcrrzninc -2 f?E;B . ..__.CI1LI . ..“LLU-J&.L.J a. a.....,.L. 

The preparation of solid disulphur diiodide by the reaction of 
41 disulphur dichloride with hydrogen iodide at -9OOC has been described. 

The i.r. spectrum of the product could be assigned to a mixture of S212 

and an adduct of S2I2 and iodine. The previously published u-v-- 

visible spectra of S212 have been confirmed. 42 Tne existence of the 

extremely unstable sulphinyliodide was thought to be probable but no 

proof for the existence of monosulphur diiodide and sulphuryl icdide 

could be found, in contradiction to former publications. 

6.2-3 Bonds to Nitrogen 

The gas-phase species volatilized from polymeric (SN)x treated with 

bromine and tetrasulphur tetranitride (S4N4) treated with Br2 and ICl 

have been studied using mass spectrometric techniques. 
43 The species 

observed from the bromination of (SN)x and SqNq were identical 

consisting of Br2, NSBr, (SN), isomers and smaller amounts 0E HBr, 

S2Br2 and other suiphur-nitrogen compounds. Treatment of S4X4 _-" WlLh ICi 

yielded 12, ICl, S4N4, NSCl, HCl, HI and small amounts of S2Cl2 and 

other S-N compounds: Cl2 and NSI were not observed. 

The nature and origin of the hydride species of (SN)x have been 

described. 
44 

The vapour-phase hydride species has a molecular weight 

of 220512 and results from a reaction involving water during the 

synthesis of (SN)x, probably following S,N2 crystal formation and prior 

to (SN)x sublimation. Experimental results were presented which suggest 

the formation of hydride species may be the first stage of a hydrolysis 

process leading to the formation of (NH ) S.0 
4 2 x Y sa1ts- 

The most likely 

formulation of the hydride species was thought to be SSN4H. SSNSH or 
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'gNgH2- 
The photopolymerization of S N 2 2 to (SN)x has been described. 45 

S2N2 single crystals grown in tetrahydrofuran solution can be 

photopolymerized in their mother liquor at temperatures as low as -65OC 

to produce (SN), with an electrical conductivity of about 200053 -lcm-1 I 

increasing by a factor of 250 at 13K. 

The structure of the compounds NSF, HSN, N2S, N2S2 and H3NS has been 

investigated using the L.C.A.O.-M.O. ab initio method.46 - The compound 

NSF was found to be more stable than SNF, HNS more stable than HSN, and 

linear NNS more stable than NSN. The order of stability of the isomers 

of H3NS was predicted as H2SNH<H3SNcHSNH2<SNH3. N2S2 was shown to be 

square planar in agreement with recent experimental evidence- The 

e.p.r. spectra of radicals generated by the y-irradiation of solutions 

of thiazyl fluoride in SF6 have been reported. 47 The species NSF2, 

having a terminal N atom and two equivalent F atoms, and the isomeric 

radical FNSF which arises from fluorine atom attack on the nitrogen 

atom of NSF were thought to be produced. The He(I) photoelectron 

spectra of the molecules (2) and (4) with ScN multiple bonds have 

been assigned.48 From the ionization energies of the O=S=O/HN=S=O 

S=N 

F/I 'R 
F 

(4) n = 2,3 

R = CH 3, CF3, Cl. 

pair a parameter was deduced which proved useful in a discussion of 

other SN compounds such as R3C-N=S=O and RN=S=NR, The torsional 

modes in H3N+SO;, N~[o~sNH~], S02(NH2)2 and A~[o~sN~H~] have been 

assigned and the barrier heights and effective force constants 

calculated. 
49 

The last two parameters 

bond length. The salt Ag[02SN2H2] was 

group and this conclusion differs from 

the SO2 rocking and wagging modes were 

associated proton motion. 

increase with decreasing S-N 

shown not to contain an NH2 

that in an earlier publication: 

observed because of their 

S-trifluoromethyl sulphur monofluoride imides, R-N=S(CF3)F, 

(R = CF3C0, NC, (CF312CF (5) and C.-p5 (5)) have been prepared by the 

reaction of CF3SF3 with the appropriate N-derivative. 
SO Reaction of 

CF3SF3 with cyanuric fluoride leads to the S(+2) derivative, 
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(CF3)2N--SCF3, The fluorine atom in (5) and (a) may be substituted by 

N-silylated amines and PC15 to give (z) and (8) respectively. 

/ 

NMe2 

The stepwise addition of polar reagents R-F to the formal triple- 

bond of NSF3 was formerlythought impossible. The first such addition 

of "methyl fluoride" has now been carried out and the salt (2) and the 

tetrafluoride (10) isolated as stable compounds. 51 
Bis(trimethylsilyl)- - 

+so 
CH3Br + AgAsFS 2 

-AgBr 
> CH30SO+AsF; 

i-NSF3 

-so 
> CH3NSF3+AsF; 

2 

(2) 

(2) + NaF - CH3N=SF4 

(10) - 

sulphur diimide has been shobm to react with p-tolyl- or p-chloro- 

phenyl-sulphenyl chloride to yield the corresponding 1,7-diaryltetra- 

sulphurtrinitrogen cation, 52 
Reaction was thought to take place by 

two consecutive additions of an S-Cl bond to an S-N double bond, 

followed by the elimination of N2 and a diaryldisulphide. A crystal 

structure determination of the di-4-tolyl chloride derivative shows 

the seven-membered SN chain assumes a e, trans, trans, cis geometry, 

apparently to maximize the electrostatic interactions between itself 

and the chloride counterions. The values of the various S-N bond 

lengths indicate appreciable delocalization of charge over the entire 

chain. 

N,N-bis(trimethylstanyl)trifluoromethanide has been shown 

to react with SClz in the molar ratio 2-l to give the sulphur diamide 

(11). - Further treatment with SC12 yields the methyl sulphur imide 

amide (12). - Alkylation of sulphur with cleavage of a R3Sn group was 
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observed for the first time in this reaction. 
53 P. structural 

2CP3S02N[Sn(CH3)]2 + SC12 j CF3S02-N N-SO2CF3 

I I 

+ 2Me3SnCl 

(CH3) 3Sn sn mjl 3 

CH 
I 3 

CF3S02-" 

I 

N-SO2CF? 

(11) - 

(CH3) ..pn 

(12) 

determination on (12) showed that conventional formul.ation with - 
alternate single and double bonds as shown above is unsuitable for 

describing the actual bonding and a correlation seems to exist between 

the bond lengths and the coordination numbers of the participating 

atoms. 

Lithium bis(trifluoromethyl)sulphimide has been shown 
54 to be a 

moderately stable precursor to several new bis(trifluoromethyl)- 

sulphimides, see equations (6) and (7). In general these new compounds 

(CF3)2S=NLi + RX j (CE'3)2S=NR i- LiX (6) 

RX = Me3SiC1, CF$(O)Cl, CNCI., CF3S02F, S02C12, S02FC1, 0PP2C1 

(CF3)2S=NLi f RX2 y [(CF3f2S=N]2R f 2Li.X (7) 

RX = Me2SiC12, COC12 

are liquids of low volatility with the exception of the carbonyl, 

CO[(CP3)2S=Nf2 which is a colourless crystalline solid, which melts at 

37,sOc. 

An X-ray crystal structure determination of (AsPh4)+(NSF2NS02F)- has 

shown that the anion consists of two comer-sharing tetrahedra, where 

the corner is occupied by a nitrogen atom and the two centres Of the 

tetrahedra by sulphur atoms. 
5.5 The anion has, as expected, three 

different S-N bond lengths which can be ascribed bond orders of 2.5, 
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1.35 and 1.9 for S(l)-N(l), S(L)-N(Z), and S(2)-N(2) respectively 

as shown in structure (13), - 

(13) - 

1-r. and Raman spectra of SfNSiMe3)3, S(NSiMe3)2 and F2S(NSiMe3)2, 

three compounds containing the N=S=N system, have been reported and 

possible molecular structures discussed for the latter two molecules.56 

k new method for the preparation of the sulphurdiimides (14) by the - 
reaction of lithium aminofluorosilanes with trimethylsilylthionylimide 

has been described. 57 NN' , -Di-tert-butylsulphurdiimide (15) has been - 

1 +O=S=N-R' 
-Ti-N-R _:_ > r -Si-N-R l--+ R-N=S=N- R’ I --Lit I I I I 

6 ii L GS=N-R*_I 

R=CMe3 R'=SiMe3 

shown to react with a series of isocyanates 

Me3C-N=S=N-CMe3 + RNCO * Me3C-N=S=N-R 

(15) 

(14) - 

accordino to equation (8). 

i- Me3C-N=C=O (8) 

R = n-C4F9S02, 3-C1C6H4, 3-CF3C6H4, CH3C0, (0)PC12. 

Compound (35) also reacts with S02(NCOf2 to yield (16) which is the 

first acyclic example where two sulphurdiimide groups are connected by 

an SO2 group. 
58 

(15) + - S02(NcO)2 4 Me3C-N=S==N-S02-N=S=N-CMe3 + 2Me3C-N=C=O (9) 

(16) - 
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The tetrakis-difluorooxosulphurimidato metallates(II), M(NSOF2)42- 

M=Hg, Co, Pd, have been prepared " from Hg(NSOF212, coCl2 and 

Pd{CH3C00j2 respectively, by reaction with Ph4PNSOF_ or Ph4AsNSOF,. An 

X-ray structure determination of [MnfCO),NSOF,~, ha; shown it to Ge a 

dinuclear transition metal complex containing difluorooxosulphimidato 

bridges- 
60 

The bridging NSOF2 groups show a strongly distorted 

tetrahedral symmetry with S-O and S-F bond lengths closely resembling 

those of other R-NSOF2 compounds. The very short N-S bond of 1.434a 

corresponds to a bond order of about 2-5 and indicates strong d,-Ps 

b0kling. The weak acid, HNSOF2, has been shown to act as a base 

toGiards trafisition ULCLal JxC!zW.J.~ ac;ds such as *?.+-.-I T rrW..< c . M IPI-%, 1-L \L”J 
5 

and *I _(._-,--a T tar.,< c I.LU”L” LIcwA.a 

acids such as SbF5 to give the nitrogen bonded complexes 

[M(Co)5HNSOF2]+AsF~ and F5Sb.HNSOF2 respectively. 
61 Sn superacids 

HNSOF2 is protonated to the H2NSOF2+ cation. 

The kinetics and mechanism of the reaction between sulphamic acid and 

nitric acid (equation 10) have been interpreted on the basis of a three 

stage process. 
62 

The first stage is fast and involves attack by NO: on 

HN03 + NHZS03H + N,O + H,S04 + H,O (10) L L L 

sulphamic acid with subsequent steps involving rearrangement and 

elimination (equation (llf)_ 

N02+ + NH3SOJ ---+ [NH~S~~NO~] - opNtiso3H -f- H+ 

02NNHS03H + NO2'" + 02NNHS03N02 f H 
-i- 

1 

N20 + H2C F- H,NNO, + HS04- + N02+ (11) 

The n-propyf urea derivative, Ph3P:NS02NHCONHi-Pr, has been shown to 

react with phosgene to give a good yield of the isocyanate Ph3PzNS02NCO 

which has been characterized by its reactiwn with alcohols and 

amines. 
63 

N,N,O-trisubstituted hydroxylamines, R1(R2S02)NOS02R2, 
1 c-rr^cL....-_ tjith, R NC --;I R 1 

1 *..k&%.-. %..ri(Yn".., XIrnim‘7.c LV5jI=LIII=L 2 d,lLI NN (9: R are the products WI‘FII. “yUL"‘I~*-II~I.~~ 

carrying mixed substituents such as R1[R2S02)NOH are oxidised with Pb02 

in benzene. 64 Oxidation proceeds via aminyl oxide radicals, 

R'(R2S02)NO-, when R 
1 = R2 = Ph but when Rl=R2=p-ClC6H4 or p-MeOC6Hq, 

the (p-C1C6H4)2NO‘ radical is also formed. Fremy's salt, 0N(S03K)2 

and HON (SO3K), have both been shown to reduce AgN03 to silver, but the 

compounds Ag3NS203 and Ag2KNS206 both result when tiN[S03K)2 and K3NS203 
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respectively are used. 
65 

Ring Compounds. The reaction of sulphur compounds belonging to the 

"Y-triene" type (RN=)3S where R = CH 

sulphonyl isocyanates has been shown & 

according to equation (12). An excess 

// 3 f X0$5-N=C=O w 

R,CN 

R = CH3; X = F, Cl 

R3C-NC0 + 
R3cN\ 

S=N-S02X 

with a slight excess of 

to give the compound f17j - 

of sulphonyl isocyanate gives 

117) - 

the symmetrical thiadiazetidinones(l8) - A single crystal structure 

(12) 

R = Me: X = F, Cl, CF3_ 

(18) - 

determination of (18) showed the mutually perpendicular fragments 

SN=S=NS and C-N 
/C 

‘N-C 
'S/ 

to be almost planar with the angles in the 

ring, NSN 79.5, SNC 92.0, and NCN 96.5O. 1,2,3,5-Dithiadiazolium 

chlorides (19) have been prepared by the reaction of azines with - 

S3N3C13 
according to equation (13).67 The chloride ion in (19) has - 

3RCH=N-N=CHR + dS3N3C13 _jj 6[aCN2S2]+C1- + 3N2 + 6HCl (13) 

(19) - 

R = C6H5, C(Mel3 
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been replaced by a variety of ions and on the basis of mass 

spectrometric investigations and X-ray analysis the cation has a 

delocalized ring structure. A synthesis of S2N2C0 has been reported. 
68 

Structure analysis shows the compound to have a five-membered planar 

ring (20) and to form mono and bis adducts with several Lewis acids. - 

\ 

(20) - 

(CF3S02Nz;2 f 2, a compound with a four membered ring (21) has been - 

prepared from the reaction of SO3 and CF3S02NS0 according to 

equation (14). _ (21) and (FS02NS02)2 have been shown to form 1:l 

0 0 

2CF3S02NS0 i- 2so3 - 3 -I- 2s02 

0 0 

(14) 

(21) - 

adducts with S4N4, Py, and pyridine carbonitrile, In contrast the 

reaction of (21) with aromatic nitriles yielded 1:2 cycle addition - 

products which were characterized by mass spectrometry, 

The reaction of S4N4 with alkali metal or tetraalkylammonium azides 

in ethanol has been shown 70 to produce either the tetrasulphurpenta- 

nitride ion S N -(Li+Na+K+), 
45 

the trisulphurtrinitride ion, S3N3- 

(Cs+Me4N+Et4N nPr4NfnBu4N+) or a mixture of the two (Rb+). 1-r. and 

Raman studies of the Cs salt suggest a cyclic structure with C3v 

symmetry for S3N3 . The potassium salt of S3N3- may be produced by the 

deprotonation of S4N4H4 with potassium hydride. 
71 The formation of 

S3N3- by reduction of S4N4 supports an earlier proposal that the 

initially formed radical anion S4Ni- decomposes by an intra-molecular 

bond rupture. An X-ray crystallographic analysis of [BU~N]*[S~NJ- 
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has shown72 that the S3N3- anion iS a planar Six-membered ring (22). - 

,609 (22) - 

R3SiNSF2NSiR3 has been shown to react with (CF3CO)20 
73 

and COF2 

give a series of acyl derivatives. One of these, COFNSF2NCOF, 

react with (R3Si)2NMe or (R3Si)2NH t0 give the cyclic sulphur 

difluorodiimides (23) and (a). 

Jo //" 

/ 
N-C 

\ 
N-C 

."\N /N-cH3 

/ 
'NH 

-E 

F2s\N / 

II 
0 0 

(23) - (24) - 

The sulphuranes (g), the first stable members of a new family 

to 

may 

with two tetra coordinate sulphur(IV) atoms bonded to carbon oxygen 

and/or nitrogen per molecule, have been synthesized 
74 

by the cyclo- 

addition of S,S-bis(trifluoromethyl)-N-benzoyl-(or 2 phenylacetyl)- 

sulphimide with sulphoxides according 

RC(0)N=S(CF3)2 f R;S(O) 
(C2H5)20 

> 

BF3 

R = C6H5, C6H5CH2, C6H5, C6H5CH2 

Rl = CH3, CH3, 0CH3, OCH3 

to equation (15). 

? 

0’ 

t=N 

\ ACF3 (15) 

\ /\ 
R1,s-o 

I CF3 

(25) 
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Trithiazyl chloride, S3N3C13, has been used to prepare 
75 

organometallic thionitrosyl following the reaction shown 

(16). 

the first 

in equation 

(NSOFj2(CH3NS02} has been shown to react with methanol to give 

sulp.Lluric acid, aminosulphur+c acid and So2INHCH~)2 as products,'6 

A 1:l adduct and a monosubstituted product having the formula 

(NSOF) (NSOOCK,) (CH3NS02) were detected as intermediates. 

A determination of the crystal structure of S4N4 at 120K has shown 

that even though the compound is thermochromic and loses its orange 

cofour on coolingr no structural transitian occurs between room 
--~ 7? 

temperature and LzoK. PZhile intermofecuiar distances contract 

l-2% in this temperature range, the corrected Se.-S intramolecular 

distance is remarkably constant, the low temperature distances being 

2.601 and 2.5972. 

A structural study of thiotriazyl nitrate S4M3fiG03- shows double 

bond character in the S-N bonds as found in other salts of S4N3C.78 

The distances of one of the nitrate group oxygen atoms from the 

disulphide sulphur atoms are unusually short (2,620 and 2.695aj and 

the N-0.*-S angles are such that the oxygen lone pairs may be expected 

to point closely toward the disulphide group. 

The reaction of S4N4 with liquid bromine and iodine monochloride has 

been reported." The reaction proceeds in 100% yield as shown in 

equation (17) Comparison of the i.r. data for S N Br 
43 3 

with that of 

S4"13Cl confirmed the presence of a cyclic S4Nf cation and showed that 

the bromine was present as a Br; ion. This conclusion was confirmed 

by X-ray studies. Though nut studied in such detail, the reaction of 

liquid ICl with S4N4 appears to give a similar product as shown in 

equation (18). The reaction of S N 
44 

with Br2 or ICI in the vapour 

S4N4 i- 
2ICl --+ ;N2 + S,N31C12 C (18) 

state has been shown to lead to polymerization, faming a serfes of 

highly conducting solid compounds with the approximate compositions 
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(SNBrO 4)x and (SNICIO 4)x.80 Solutions of IBr in CC14 also react 
. . 

with S4N4 at room temperature to give an analogous compound. The 
-__ _*' 

reaction of S4N4 with SO3 in cn2Li2 or *Jit‘n Eiuorosuiphonic acid 

anhydride has been shown to give the adduct S4Nq.S03_ 81 An X-ray 

structure determination shows the cage of the S4N4 to be analogous to 

that observed in S4N4.SbC15, reconvoluted into a deformed saddle 

conformation with almost Cs symmetry (S-N bond lengths vary from 1.51 

to 1,69&. A structure analysis of the addition product of S4N4 with 

fluorosulphonylisocyanate shows a nucleophilic attack of a nitrogen 

atom of the S4~4 __ ring at the carbonyl atom of the isocyanate forming 

an N-C single band."l Although the bond distances and angles are very 

similar to the other LevJis acid adducts the substituted nitrogen cf the 

S4N4 ring deviates significantly from a planar environment. 

Reaction of S4N4 with N-fluorosulphonylsulphim~_Go (previously only 

isolated as a cyclic dimer) has been shown 
83 

to yield the I:1 adduct 

as shown in equation (19). A similar adduct vras obtained by reaction 

with pyridine but reaction with benzonitrile surprisingly gave a 1:2 

adduct. 

fFCfl M’2.n \ \- -- 
2 
"'"2'2 f 3hi$ j 

"'4-4 
2F-5-~=StN.S. 

4-4 
(19) 

The i.r. and Raman spectra of solid and dissolved SqN4, S4N4H4, 

S4N4Dq and S3N3C13 have been recorded and assigned on the basis of 

D2d' '4" and '3~ 
symmetry respectively. 

84 

An X-ray study8= of S4N5C1, prepared from S3N3C1 and Fe3SiNSNSiMej, 

has revealed a predominantly ionic structure involving the nevJ S-N 

cation S4N5 
+ 
. In the structure the chlorine atoms symmetrically bridge 

S4N5 
units via the sulphur atoms bonded to two nitrogens, rrrith an S-Cl 

bond distance of 2.8118. It was thought reasonable to view S4N5C1 as 

consisting of S4N5 i cations bridged by Cl- ions. 

A parallelism between the structural problems present in8i10] 

annulene and the 14~ system of S5N5+ has been pointed out. A 

comparison of six possible structural isomers of S5N5* within an M-0. 

framework led to the conclusion that an azulene-like structure Fs 

preferred. 

An X-ray crystallographic study has shown that SSN6, prepared from 

Bu4NfS4N5 - and bromine in methylene chloride, has a structure (26) in 

which an -N=S=N- unit bridges two sulphur atoms of an S4N4 cradle, 87 

The compound S7NSNMe2 has been prepared by the reaction Of S7NH with 
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__ /fd\.. 
N N 

I 1,702 
\ 

(26) - 

S(NMe2)2 and a crystal structure determination carried out. 
88 

The 

structure shows several interesting features. Both nitrogen atoms 

have an almost planar geometry indicating delocalization of the 

nitrogen lone pairs on to sulphur. The bonds between the ring 

nitrogen and the adjacent ring sulphur atoms are short (mean 1.60&, 

whereas the bond from the same nitrogen to the bridging sulphur atom 

is longer (1.732) indicating single bond character. 

Trifluoroperoxyacetic acid has been shobm to react in 80% yield +Iith 

(S,N)2S to give colourless crystals of the known (S7N)2S0 and With 

S7NH to give the new compound S7NH0. 
89 On the basis of i.r, and 

Raman spectra the structure (27) was proposed. - 

The diaminodisulphane (28) prepared from S2C12 and CF3S02@J(SnMe3)2 - 

has been shown to react with further dichlorodisulphane according to 

equation (20) to give the novel S8N4 ring compound (29). 
90 
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CFJS02-N 

I 
/s\ S,ff-S02CF3 + S2C12 w S,N4(S02CF3)4 

SrtMe3 SnMe 3 

(20) 

(28) - (29) - 

An X-ray structural analysis showed that the twelve membered ring has 

a chair conformation and contains four S-N-S units coupled via S-S 

bonds (2.006 - 2.0098). The S-N bond lengths found were 1.724 - 1.7322 

in the ring and those between the N-atoms and sulphonyl groups 1.650- 

1.657% The dihedral angles NSS/SSN have values of 91.3 and 94_l". 

g-2-4 Bonds to Oxygen 

The relative proton affinities of some simple sulphur-oxygen 

compounds (.S02F2, S02, HS03F, H2SO4, CF3S03 and H2S) have been 

determined by the bracketing technique of ion-molecule reactions. 

91 

The proton affinities were found to fit reasonably well to a 

correlation curve of ionization potential vs. proton aff_inity and to 

a correlation curve of core binding energy Ofls) vs. proton affinity. 

The reactions of diluted aqueous solutions of SO2 with MnOi or Ce 
4+ 

ions in the pH range 1-4 has been shotrn to produce chemiluminescence in 

the spectral region 450-600nm. 
92 

A reaction scheme was proposed in 

which a recombination product of primarily formed HS03 radicals - with 

a lifetime of about 1 sec. - appears as precursors of electronically 

excited SO2 molecules. The radiation induced oxidation of sulphur 

dioxide dissolved in sulphuric acid has been studied using X-rays. 93 

On the basis of previous publications a mechanism was proposed which 

involved the HOOSO; radical as an unstable intermediate. A kinetic 

study of the reaction of FeS and SO2 has shown that the first step in 

the reaction is the adsorption of SO2 onto the sulphide surface 

followed by dissolution of the FeS with the formation of Fe 
2+ 

and a 

thiosulphurous intermediate S202 
2- 

. This intermediate then reacts with 

HS03- to form thiosulphate which may then react with the sulphoxylate 

ion to produce disulphane-disulphonic acid. 94 

The pure rotational Raman spectrum of SO3 in the vapour phase at 333K 

has been obtained and analysed for the first time. 
95 

Despite previous 

studies on the rates of uncatalyzed oxidations of aqueous sulphur(IVf 

solutions, it has now been reported that these reactions are in fact 
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trace-metal catalyzed. 
96 

The previously measured rates were 

decrease by up to four orders of magnitude at high pH and by 

found to 

a factor 

of 20 at low pH in the presence of small amounts of chelating agents 

which complexed any trace metals present in the solution. 

The replacement of the iodide ligand in the complex species S02.1-, 

SOC12.1_ and S02C12.1- by Cl-, Br- and thiocyanate ions has been 

studied spectrophotometrically. 
97 

The extent of replacement was found 

to depend on complex stability, the nature of the replacing ligand and 

on the solvent used, The stability constants of SO2.X-,SOC12.X- and 

so2c12,x- (X = Cl- Br- or I-) have been determined in different 

mixtures of acetonitrile and dimethyl sulphoxide as solvent. 98 The 

electron diffraction data for sulphonyl chloride isocyanate, S02C1(NCO) 

have been shown to be consistent with two sets of geometric parameters 

differing in the relation between the C=O and N=C bond lengths. 
99 

Other parameters measured were S-N 1.656, S-Cl 2.019 and S=O 1.4172, 

S-N-C 123.8, N-S=0 108.3, N-S-Cl 98.0, Cl-S=0 107.8 and O=S=O 122.8'. 

N-Methylsulphonyl and N-phenylsulphonyl-N-methylhydroxylamine have 

been shown to result from the reactions of methylsulphonyl chloride 

and phenylsulphonyl with N-methylhydroxylamine. 
100 

Density, viscosity, specific conductivity and freezing point 

measurements over the whole composition range of water-trifluoro- 

methanesulphonic acid mixtures have been reported. 
101 

Some five 

hydrates were found in the system with water/trifluoromethanesulphonic 

acid ratios of 152, ltl, 2:l, 4-l and 6:l. A crystal structure 

determination of the tetrahydrate, HgOqfCF3S0 - shows the triaqua- 

oxonium ions hydrogen bonded to CF3S03- ions. 
30; 

The CF3S03 - ion has 

a staggered conformation with pseudo C3v symmetry, and has one S-O bond 

shorter than the other two. The structure of the pentahydrate, 

CF3S03H.5H20, shows oxonium ions and water molecules bonded to each 

other and to CF3S03- to form a three-dimensional network. 
103 

The thermal decomposition of CaS03 in an argon stream to CaO and SO2 

at temperatures up to 880°C has been shown to proceed via the 

intermediate reaction shown in equation (21).lo4 The structure of the 

4CaS03 
680°C 

b 3CaS04 f CaS (21) 

compound (NH 1 [CU(H~O)~][CUSO~]~ 
f2 

has been described in terms of 

distorted Cu 03s tetrahedra, the ligands being atoms from four 

different sulphite groups.lo5 Average dimensions for the SO3 groups 

are S-O 1.52, O-O 2.422 and O-S-O 105,3°. 
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The kinetics of the oxidation of aqueous solutions of ammonium 

sulphite and hydrogen sulphite have been studied. 
106 

The crystal structure of the high temperature form of K2S04 has 

been solved from powder diffraction data at 630°C.107 The compound 

possesses a disordered structure in which two possible orientations 

of the S042- groups were observed. A study of the i.r. spectra of 

the alkali metal sulphates has shown that the We<:-cency of the 

symmetrical stretching mode of the sulphate group decreases linearly 

from 1011 cm-' to 967 cm-1 with increasing ionic radius of the alkali 

metal. lo8 The crystal structure of (NH4f3H(S04)2r which becomes 

ferroelectric at high hydrostatic pressures ox by deuteration has 

been determined. 
109 

The sulphate ion forms a slightly distorted tetra- 

hedron with three S-O bonds of 1.450 and one of 1.518g, and carries 

an electric dipole moment parallel to the longest bond, A crystal 

structure determination on NiS203. 6H 0 has shcnm it to be isostructural 

with the corresponding silver salt. 
lZ0 

The S2032- ions are less 

distorted from ideal tetrahedral symmetry than those of the sodium 

or magnesium salts and the hydrogen bonding scheme proposed for the 

magnesium salt is also found in izhis compound. A study of the 

compound ZnS204.pyridine has shown the structure of the dithionite 

ion to be very similar to that observed in Na2S204 in that an 

eclipsed configuration with a long S-S bond (2.3862) was found.1'1 

The dithionite ion in Na2S2062H20 has been shown to posses D3d(?m> 

symmetry to a good approximation. 
112 

Bond lengths and angles found 

were: S-S, 2.141; S-O, 1.4522; S-S-O, 104.6; and O-S-O, 314.1°. 

The S-monoalkyl thiosulphates M[03S-SR] with M = Li, Na, K, Rb, 

Cs and R = Me, Et, have been characterized by means of u.v., i-r., 
1 H n.m.r. and mass spectra. 

113 
The reaction kinetics of glycollic 

acid with peroxydisulphate have been studied. 
114 A free radical 

chain reaction mechanism was postulated to explain the observed 

rate law. The reaction of potassium peroxydisulphate with sodium 

sulphate and the thermal decomposition of aqueous solutions of 

potassium peroxydisulphate have been studied. Il.15 The adducts formed 

between VO(acac)2 and a number of alkyl and aryl sulphoxides in 

dichloroethane have been investigated by means Of visible and i-r. 

spectroscopy. 
116 

It has been shown that P4Slo is a mild effective reagent for the 

reduction of sulphoxides to sulphides and that this conversion can 

be achieved selectively in the presence of other reactive groups. 
117 

R4slo also appears to be a promising reagent for the reduction of 



330 

selenoxides but will not reduce sulphones, sulphinates or sulphites. 

6.2-S Sulphides 

The repulsions between valence electron pairs have been determined 

as a function of bond angle for H2S (and H20) using the Hartree-Fock 

method. 
118 

Some agreement with the assumption of VSEPR theory were 

found, but it was found that bond-bond repulsions affected the 

equilibrium geometry more strongly than either lone pair-lone pair 

or bond pair-lone pair repulsions. 

The characterization of the SS- radical anion as the blue species 

present in HMPA and DMF solutions of alkali polysulphides and in ultra- 

marine blue has been extended. 119 
The vibrational spectra of the 

red species formed by adding sulphur to blue solutions of Na2S4 in 

DMF were reported and it was concluded that the red species was the 

s4 
- radical anion. Both the S - and S - 

2 3 
radical anions have been 

identified as the species responsible for the colour of ultramarine 

green and oxidation of the latter to ultramarine blue was associated 

with an increase in the S3-/S2- ratio. Resonance Raman spectra of 

ultramarine red revealed the presence of the species thought to be 

the neutral S4 molecule. Resonance Raman Scattering studies on KI 

single crystals doped with S2- have shown the orientation dynamics 

of the ground state molecules to be isotope selective. 120 

A study of the In 2 3-Na2S system has revealed the presence of two, S 

previously unknown, compounds, 4Na2S.In S 
1212 

and 5Na2S.In2S3 and has 

confirmed the existence of Na2S.In S 
2 3' 

A new intermediate 

compound, Tl4PbS 8 has been shown to be formed by a peritectic reaction 

at 460°C in the PbS-T12S system. 122 
The compound shows a polymorphic 

transformation at 420°C. 

A new synthesis for a number of perfluoroalkyl di-, tri- and tetra- 

sulphides (CFSS,CFS, C2F5SnCF3, C2F5SnC2F5, n = 2-4) has been 

developed using a low temperature glow discharge to dissociate 

sulphur vapour and generate trifluoromethyl radicals from hexa- 

fluoroethane. 
123 

The i-r. spectra of the solids (TMAj2C2S6#CS2 and 

(TMA)2C2S6 have been investigated in the 200 to 4,000 cm-' range. 
124 

An interpretation was carried out by using the structural and i-r, 

data of the CS42- ion in the solid K2CS4.CHJOH. 

Solution of the glasses Ge2S3 and Ge2Se3 in Na2S or Na2Se in MeOH 

has been shown to lead to the compounds Na6Ge2X6.4MeOH (X = S, Se). 

It is thought that the formation of these compounds and the MeOH-free 
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compounds are proof that Ge2S6 
anze2se6 

units are present as 

structural groups in the glasses. The sulphide Se3S5 has been 

shown to be isostructural with monoclinic sulphur (y-S81 with two 

distinct eight membered rings in the crown configuration. 
126 

Various 

disordered models were investigated but it was not possible to 

establish whether the structure consists of distinct Se S 
35 

rings or 

a mixture of Se S 
n 8-n 

molecules. The average bond distances within 

the molecules was 2.1662 which is intermediate between the values 

for y-S8(2.044) and n-Se8(2.318%. An apparent bond length of 2.147A 

would be predicted for Se S 
3 5' 

A study of the ternary system Tl-V-S has shown the existence of 

the following ternary sulphides, T13VS4' T1V5S8, TlxV6S8 and 

T12V2S5.127 The preparation of Fe2S2 from the reaction of 

stoichiometric quantities of Fe(II1) in aqueous solution with Na2S 

at O°C has been shown to give a pure product. Mijssbauer and i-r. 

spectra were measured and it was concluded that Fe2S3 is ordered 

antiferromagnetically at 4.2K. 
228 It has been shown that the CoSx 

phase may bedepositedas single crystals by chemical transport 

reactions using iodine, only if x is greater than 1.06. Single 

crystals of Co 9 S 8 have also been grown by chemical transport reactions 

usinc GeI, as the transoortina asent. 
129 

Structural determinations 

on the cl:ster compounds [Mo~(S~)~]~- 13' and [Mo3S131 
2- 

13' have 

shown that they both contain both terminal and bridging disulphide 

groups. The equivalent bonds in both the anions have roughley the 

same length but, as expected, the MO-MO distances are somewhat 

shorter in the former. A structural study has shown that K2PtS15 
2- 

is similar to (NH4).2PtS15. 2H20 and contain the Pt atom of the PtSl5 

anion in an octahedral environment made up from three bidentate fiva- 

membered sulphur rings. 132 The preparation and crystal structure of 

the hitherto unknown compound Au2BaSnS4 have been reported. 
133 

The salt [Ph P] 
-3-4 2 

[A u2(WS ) 

of Au(S20312 and WS 
2- 4 2 

] has been isolated from the reaction 

4 * 
Crystal structure analysis showed the 

anion to possess a novel ring system in which the dimeric unit (30) 

contains bidentate, nearly regular, tetrahedral WS4 
2- 

ligands. 
13F 

7,” 
s-w 

\ 
S Au-S"S 

(301 - 

2- 
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Phase equilibria in the Hg S-Tl2S systems have been investigated 

and the compounds T14HgS3, T12Hg3S4 and T12Hg3SeS3 identified. 
135 

The homogeneity ranges of sulphide phases of La, Pr, Sm, Gd and Dy 

possessing the Th3P4 structure type have been studied, 136 Two iso- 

structural series have been observed for B-In S 
1573' 

the first for 

Ln = La-Sm and the second for Ln = Sm or Gd. The crystal 

structure of the sulphide Las2 has been described_ 138 
A structural 

study of the compound Eu3Ge3Sg has shown the Ge Sg 
6- 

139 
ion to have a 

cyclic structure with the chair conformation. The equilibrium 

diagram for the Yb-S system has been determined in the composition 

range O-62.5 at. %S at p=4.5 atm. 
140 

The preparation, properties, 

structure, and electronic structure of -- vanadium pentasulphide in a 

non crystalline form have been investigated. 
141 

6.2.6 Other Compounds Containing Sulphur 

The copolymerization of tetrameric thioformaldehyde with oligomeric 

thioformaldehydes, substituted analogues or sulphur has been 

described. 
142,143 

It was found that the highly reactive intermediate 

(311, presumably formed from BF3. Et20 and the tetrathiocane (32) 

according to equation (221, is able to attack trithianes, substituted 

(CH2S)4 
BF3.Et20 

> S j BF3 + CH2-S-CH2-S-CH2-S-CH2-S-BF3 

(32) (31) - - 

(22) 

tetrathiocanes, and elemental sulphur in such a way that copolymers 

with interesting properties are formed under mild conditions. 

In an attempt to explore the possibility of intramolecular redox 

processes in metal complexes of the dialkyldithiocarbamato ligands, 

a detailed examination of the electrochemical behaviour of the free 

diethyldithiocarbamato anion (33) and its related oxidation product, - 

tetraethylthiuram disulphide (34) has been carried out. 
144 

- 

Et, i7 
N-C-S- 

Et’ 

Et\N [ s s z NIEt 
Et/ ----- \Et 

(33) - (34) 
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The structure of K2[02CC(S)SO].H20, an oxidation product of l,l- 

dithiooxalate has been determined by single crystal X-ray 

diffraction. 
145 

The dinegative ion is planar and may be considered 

as a peroxo thioacid anion. 

Reaction of sulphenic fluorides, RSF with PF3 has been shown to 

yield mercaptotetrafluorophosphoranes RSPF4 (R = CF3, CF2Cl). 
146 

X-ray photoelectron spectra have been measured for several Transition 

metal di- and perthiocarboxylates and the binding energies of sulphur 

2p orbitals reported. 147 "Bridging" sulphur atoms in perthiocarboxy- 

late ligands were found to be more positive than terminal sulphur 

atoms. The gas-phase ion-molecule reactions of compounds of structure 

CH30(CH2)nSCH3,n = l-3 have been studied. 
148 

It was found that when 

there is a choice of forming either a sulphur-containing ion or its 

oxygen analogue; the sulphur ion is formed preferentially. 

It has been shown that bis(thioacyl)sulphides may be obtained by 

treatment of acyl thioacyl sulphides with lithium alkoxides or alkyl 

sulphides. 
149 

Bis(trifluoromethyl)sulphide, tetrafluoro-1,3-dithi- 

etane, and bis(trifluoromethyl)sulphoxide have been shown to undergo 

oxidative addition when photolyzed with trifluoromethyl hypochlorite 

to form a new family of stable fluorinated sulphuranes and sulphurane 

oxides. 
150 

The photochemistry of severalthiols in the liquid phase has been 

reported. 
151 

In all cases, products were obtained which could be 

rationalized as arising from the primary photoscission of the C-S 

bond. 

Reaction of equimolar quantities of tosylisothiocyanate and 

diphenyl diazomethane at O°C in anhydrous ether has been shown to 

yield the stable thiiranimine (35). - An X-ray structure determination 

W-d2CW----S 

\/ 
C(3) 
Ii 

N\ 
TOS 

(35) - 

showed the new three-membered ring to be planar and to possess one 

long bond (S-C(2) = 170 pm). 
152 

The divalent sulphur containing 

ligands (36) to (38) have been shown to react with mercury(I) nitrate - - 

in methanolic solution without disproportionation to form stable 
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mercury(I) -SUIP~U~ compo~ds- 
153 

(36) (37) (38) - - - 

The reactions of alkanethiols with CS2 and alkali metal hydroxides 

have been shown to yield the thioxanthates of the types K[S2C-SR].H20 

or M[S2C-S-nC4H9].H20.154 Red, oily thioxanthic acids, RS-CS(SH) 

have been prepared by reaction of the corresponding alkyl thioxanthate 

with dilute HCZ at O°C; 155 i r 156 
_I spectra were assigned and mass 

spectra studied from which decomposition schemes were described. 
157 

The Raman spectra and polarization parameters of the liquid dimethyl 

chalcogenides CH3-X-CH3 (X = 0, S, Se, Te) and the i-r. spectra Of the 

gaseous compounds have been measured. 
158 

6.3 SELENIUM 

6.3.1 Bonds to Halogens 

The standard enthalpies of formation of crystalline selenium(IV) 

halides have been determined by solution calorimetry relative to 

that of selenium(IV) oxide. 159 
The values obtained were: AH0 

SeC14(c) -42.710.4 and AH: 298 SeBr4(c) -17.9i0.5 kcal mol 
_lf,298 

. In 

a separate study, 160 an en&alpy of formation for SeBr4 was obtained 

("HZ,299 -15.620.3 kcal mol-'1 which differed from that given 

pseviously. The reaction used in this study was that of the element 

with liquid bromine in an adiabatic calorimeter. Values were also 

obtained for liquid Se Br2 (-15.6i0.3 kcal mol 
-1 

-1 
1 and crystalline 

TeBr4 (-42.5 kcal mol 1. 

The molecular structures of selenonyl fluoride (Se02F2) and 

sulphuryl fluoride (SO2F2) have been studied by gas-phase electron 

diffraction. 
161 

The geometries of both molecules are consistent 

with predictions from the VSEPR theory with the more important 

distances and bond angles for the Se compound being r(Se=O), 1.5752; 

r(Se-F), 1.6852; O-Se-O, 126.2O; F-S-F, 94.1°. 
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The reaction of WF6 with Sb2Se3 has been shown to yield the 

compound WSeF4. 
162 

The compound was shown by i.r. and 
19 

F n.m.r. 

spectroscopy and mass spectrometry to be isostructural with the 

recently reported sulphur analogue WSF 
4' 

The reaction of PdI with 

Se in liquid iodine has yielded single crystals of Pd2SeI3. 
165 A 

structure determination showed the Pd atom to be in square planar 

coordination with 31 and one Se atom of a Se2 group. The Se2 
2- 

group 

links four such squares to form Pd Se I I 
4 244/ 

units, The crystal struc- 

ture of the tellurium compound, PdTeI was a so described. ?! 

The reaction of the components in the systems NdC13-TeC14(and with 

POC13, SeOC12) and SeOC12-TeC14 (and with POC13) has been studied. 
164 

In the SeOC12-TeCl4 system, a compound having the 1:2 composition, 

melting incongruently at 70°C is formed. 

6.3.2 Selenium-Oxygen Compounds 

The reaction of Se02 in aqueous solution with CO(CN)~OH~~- has 

been studied at pH values between 2 and 12 at 25°C.165 The rate 

law was interpreted to mean that HSe03- was the reacting species 

and the proton dependence arose from the acid-base properties of an 

intermediate. The insertion of Se02 into the Sn-0 bonds of bis(tri- 

organotin)oxides (R Sn) 0 has been shown to yield the monomeric 
' 126 

selenites (R3Sn0)2Se0. Insertion of Se02 into the iron-methyl 

bond of n 
5 
-C5H5Fe(C0)2CE gives the novel selenito complex, 

5 
n -C5H5Fe(C0)2Se(02)CH5. 

267 

The pure rotational Raman spectrum of Se03 monomer in the vapour 

state at 410K has been obtained and analysed for the first time. 
168 

Lattice parameter data has been obtained from single crystals of 

Se205 (monoclinic, P21,c, a = 458.5, b = 697.2, c = 1389 pm, 

8 = 91.98O) prepared from solutions of Se(IV) and Se(VI) oxides in 

anhydrous selenic acid. 
169 

The insertion of selenium and tellurium atoms into borane cage 

compounds has been performed using oxide reagents_ 
170 

Reaction of 

NaBllH14 with an excess of NaHSe03 or solid Te02 in water-heptane 

under N2 produced BllHllSe or BllHllTe respectively. 

The crystal structures ofseveralselenites have been determined. 

The paraelectric phase of CsH3(Se03)2 has been shown, by neutron 

diffraction data, to consist of H2Se03 molecules and HSe03- ions 

hydrogen bonded together to form chains. 
171 

SC(HS~O~)~ comprises 

octahedral SC atoms linked by Se03 groups: the selenium atom forms 
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the apex of a trigonal pyramid with oxygen atoms at the comers of 

the base triangle. 
172 

FeH(Se03)2 consists of edge-sharing pairs of 

Fe06 octahedra connected by one of the two non-equivalent Se atoms 

into layers. 
173 

The thermal dehydration of ZnSe03.2H20 and MnSeO3.2H20 

has been studied. 
174 

Improved room temperature Raman spectra obtained from orientated 

single crystals of K2Se04 have been reported and discussed. 175 The 

new results show that some of the earlier spectra reported for K2Se04 

contained spurious bands and that assignments were not entirely 

correct. The crystal structures of some selenates have been 

determined. The RbHSeO* structure has been shown to contain three 

independent molecules differing in the deformation of the 2- 

tetrahedra. 176 177 
SeOq 

The structures of ScH(Se04)2_2H20 and HgSe04.H20 
178 

have also been described. 

6.3.3 Selenides 

The new compounds NaCuSe, NaCuTe, KC&e and KCuTe have been 

prepared and their structures determined. 
179 

NaCuSe and NaCuTe 

crystallize in a PbFCl type structure whilst KCuSe and KCuTe adopt the 

Ni21n structure. 

The reaction of CuSe with Cr2Se3 has been studied by electrical 

conductivity and D.T.A. measurements. 
180 

A mechanism for the formation 

of copper chromium selenospinel connected with the peritectic 

decomposition of CuSe was discussed. Reaction of CuCr2Se, with the 

salts CuI, CdCl 2, NaCl and CuHr and with some salt mixtures has been 

studied and conditions for the preparation of single crystals of the 

spine1 established. 
181 An alternative preparation of single crystals 

of CuCr2Se 4 has been described, based on the reaction of copper 

selenides with chromium trichloride. 182 Mixed crystals of the type 

CuxZnl-xCrZ;;q have been prepared and various reaction parameters 

described. 

Several Phase systems involving selenium have been studied either in 

part or in full: these include: T1-Pb-Se;184 Tl-Ge-Se: 
185 

T11nSe2;la6 187 188 
T1CeSe2- 

As2Se3-MnSe; As2Se3-TlSe; and M2X-Sb2X3 (where M = K, 

Rb, Cs, and X = Se, Te). 189 

Crystal structures have been reported for the ternary selenides 

Ag3AsSe3, 
190 

B-AggGaSe6,1g1 AgqP2Se6- 
192 

Selenides continue to be 

of interest as chalcogenide glasses. Studies have been carried out 

on glass formation in the Tl-Ge-Se and Pb-Ge-Se systems 193 and physical 



properties of glasses in the systems GeS-GeS2-Sb2S3 and 

Sb2Se2 have been described. 
194 

The addition of organic 

to selenide glasses has also been a subject of interest 
area 195,196 . 
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GeSe-GeSe2- 

components 

in this 

6.3.4 Other Compounds Containing Selenium 

The selenium-nitrogen compound Se4N4 has been prepared in a new 

phase isostructural with S4N4, and the formation of two mixed 

sulphur-selen.ium-nitrcgen compounds (SSe2N2+)2(Xe)2 where X = Cl, 

Br reported. 
197 On the basis of mass spectroscopic, i-r., and e-s-r. 

data the structure (39) was proposed for the compounds. - / 2+ 
S S 

\ I 2x- 

NAse. - - -Se\N 
/ 

(39) - 

The reactions of SeS2 with triphenyl compounds of Group 5 elements 

has been described. 
198 No reaction GJES observed with Ph3Sb, but with 

Ph3P and Ph3As compounds with the composition Ph3PS.Ph3PSe and Ph3AsS. 

Ph3AsSe respectively were obtained. 1.r. data strongly suggested the 

formation of a solid solution of the type Ph3MS.Ph3MSe rather than the 

formation of a sulphoselenide Ph3MSe-SMPh3. TUJO tri- and tetra- 

seleninato complexes of tin RSn(02SeR)3 and Sn(02SeR)4, R = C6H5, 

have been obtained from trichlorophenyltin and tetrachlorophenyltin 

with sodium benzeneseleninate. 199 
A structure determination has shown 

that K2(0SeC-CSeO) contains the 1,2-diseleno-oxalate anion with a 

trans planar 

mechanismof 

reported. 
201 

Ge, Si, C; R 

coordination and a C-Se distance of l-87%200 The 

thereaction between seleninic acids and thiols has been 

The seleninic acid derivatives R3E02SeR' (E = Pb, Sn, 

= Me, Ph; R' = Me, Et, Ph) have been obtained by reaction 

of triorgano-Group 4 element halides, R3EX (X = Cl, Br), with either 

sodium or silver seleninates. 
202 

Four possible reactions of phenyl 

vinyl selenide (CH2=CH-SePh) have been discovered on treatment with 

nucleophiles or bases; Se-C cleavage, addition, metalation, or 

elimination. 203 Th e first selenophosphorane (do) has been prepared 
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by the reaction of 5,5-bis(trifluoromethyl)-A3-1,2 ,4-diselenazoline 

with 2-methoxy-1,3,2-dioxaphospholane at -3OOC. 
204 

N(MeI2 

(401 - 

Saturated tungstovanadium heteropolyacids of selenium(Iv) have 

been prepared via the ether addition compounds_ 
205 

6.4 TELLURIUM 

6.4.X The Element 

High resolution 125Te and 
3.23 

Te Fouriex transform n.m.r. spectroscopy 

has been used to identify the species formed in solutions of tellurium 

and selenium in 65% oleum at room temperature. 
206 It was possible 

to identify all the members of thls series (TenSe4_n) 
2+ 

where n = 1 

to 4 in the?@-Se-oleum system, The same technique using both 125Te 

and 77Se n.m.r. spectroscopy has been used to characterize the 

previously known Te6 
4-k , Te42', Se42+ and Te2Se42+ cations 55' the 

first time. 207 Several new mixed species in the ++ (Te3Se ,e 

and trans Te2Se2 2t and TeSe3'+) and 4 (Te3Se32t) oxidation states 

were also obtained. Solutions of Te in chlorosulphuric acid have 

also been studied using U.V. spectra, conductance and magnetic 

susceptibility methods. 
208 Red solutions were identified as being 

due to the Ted2+ ion and yellow solutions the Te2 
2+ 

ion: furthermore 

the compounds Te4(S03Cl)2 and Te2(S03Cl)2 were isolated and 

characterized. The Te- ion has been shown to be the dominant species 

present in molten Licl-KC1 and LiF-BeF2, and the presence of higher 
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tellurides such as Te3- was suggested. 
209 

The equilibrium pressures of Te2 vapour over molten LiTe3 from 460 

to 757OC and over solid mixtures of LiTe3 and Li2Te from 380 to 449OC 

have been measured using absorption spectroscopy_ 
210 The reduction 

---i- ot Te(X\) to the element byhydrazinehas been investigated. 211 The 

influence of the concentrations of hydrogen ions, hydsazine and 

tellurium on the process was described and the reaction order relative 

to Te and hydrazine determined. 

6.4.2 Bonds to Halogens 

TeF4 has been prepared by two different methods (equations 23 and 

24) with sufficient purity to enable a determination of its heat of 

Te02 + 2SeF4 ---_) 2SeOF2 + TeF4 (23) 

Te f 2F2 + TeF4 (24) 

fusion and calorific capacity. 212 

-1 
Values determined were AtIf_ , 3.02 

-1 -1 . 
kcal mol ;C from 298-402°K, 30 cal K mol 

423OK 31.1 cay K-l 

for the solid, and at 

mol 
-1 

for liquid TeF4. 

The preparation and structures or' * and trans F4TeiOTeF5i2, cio 

and trans F Te(OTeF5)4, FTe(OTeF5)5 and TefOTeF5)6 have been 

aescribed.2'3 All. the compounds were prepared by selective reactions 

starting with TeF4 or Te(OTeF5)4; F2, XeF2 and Xe(OTeF5)2 were used 

as oxidizers. These new tellurium oxide fluorides are examples of 

the rules that the environments around tellurium have to be octahedral 

and that Te-0 double bonds do not occur. 

Elemental conductance measurements on the molten binary systems 

TeC14 -NbC15 and TeC14-TeCl 

ionization in the melts. 
212 

at 240°C have shown a low degree of 

Raman spectra of the molten 1:l mixtures 

indicated the formation of TeC13+MC16-. 

The crystal structure of tetrakis(ethylenethiourea)tellurium(II) 

hexachlorotellurate(IV) has been determined,'15 The structure is 

built up of [Te(etu)4]2C cations and [TeC16]2- anions stacked in 

chains along the a axis. The coordination around the central 

tellurium atoms are square planar and octahedral for the cations and 

anions respectively. The average TefII)-S bond length is 2-6812 

and the average TefIV)-Cl bond length is 2.53& Structural studies 

have shown that in phenylbis(selenourea)tellurium(II) chloride and 



phenyl.bis(thioureaItellurium(lXI chloride I each tellurium atom is 

primarily three coordinated, being bonded to one phenyl carbon atom 

and, in directions nearly perpendicular to the Te-C bond, to two 

selenourea selenium atoms or to two thiourea sulphur atoms. 216 The 

three cen-cLc; systems Se-Te-Se and S-Te-S are nearly linear. The 

fourth position of a square planar arrangement around the 

atom is approached by the chloride ion, which lies 3.5788 

tellurium. 

The melting point diagram of the system TeBr4-TeC.2 has 

obtained by total pressure and D.T.A. measurements.217 A 

melting composition TesOllBr2 exists with a melting point 

and an enthalpy of formation AH"f 298 of -453.5 kcal/mol. 
, 

tellurium 

from the 

been 

congruently 

of 570°c 

The phase 

transition and the structure of the high temperature phase of CuTeBr 

have been determined. 218 Salts containing [ArTeXY]- X = Br, I; Y = 

Cl, Br, I; Ar = Aryl have been synthesized and prel.iminary crystallo- 

graphic data reported. 219 

6.4.3 Bonds to Oxygen 

A crystal structure determination of the cubic phase of telluric 

acid has shown it to possess bond distances in agreement with those 

of the monoclinic phase but to differ in bond angles. 220 The structure 

is built up of nearly ideal Te(OH), octahedra connected via hydrogen 

bonds with each octahedron participating in six relatively strong 

and six weaker hydrogen bonds. 

Solid state reactions of Te03 and Te03.H20 with M20 and MOH (M = 

Na or K) have been shown to lead to the formation of the oxides 

Na2Te04, K2Te04, K Te03, 

of TeO3 2- 
-2 

Na4Te207 and K4Ts&07. 
221 The interaction 

with BH4 has been investigated. At pH-<1.5 tellurite iS 

reduced to TefO) and H2Te but in alkaline and borate buffer solutions 

a hydrosol of Te(0) is formed. The i.r. and laser-Raman spectra of 

Crystalline NgTe205 have been measured and an assignment of the 

internal vibrations of the Te205 
2- 

ion undertaken. 
223 

The stoichiometry of a tellurate-sucrose complex has been 

investigated by polarimetry and conductimetry. 224 The results showed 

that in addition to the expected 1:l complex, a species of the type 

(tellurate)4. sucrose is formed. 

The crystal structures of several tellurates have been determined. 

LiqTe05 contains the dimeric Te2Clo 
8- 

ion made up of two edge sharing 

octahedral Te06 units (41) and may be described as having an NaCl type - 
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structure with Te and Li distributed over the cation positions. 225 

(41) - 

Dimeric units of the type [Te206(OH)4]4- consisting of two octahedra 

sharing an edge have been found in the compound Nao 5K3 5[Te206(0H)4] 

6H20.226 The structure is completed by Na+, K+ 
. . 

and water molecules 

held together by electrostatic interactions and hydrogen bonds. 

K,Teo3. 
Z. 

3H20 contains pyramidal Te03 '- groups with Te-0 bond lengths 

in the range 1.848-l-8528 and with an 0-Te-0 bond angle close to 

loo".227 These dimensions are considered to be representative of 

an unpolarized TeO '- 
3 

ion in which there is no back-bonding between 

the oxygen atoms and the Te 
4-F 

free electron pair. The structure of 

K2Te4012 is characterized by five oxygen coordination of the Te(Iv) 

ion and the simultaneous presence of both Te(IV) and Te(V1) ions. 
228 

The compound In2Te309 has been isolated in the In203-Te02 system and 

its structure shown to comprise sheets of Te032- anions and In0 
229 

6 
groups linked in parallel chains. 

In the structure of Pb2Te308, two of the crystallographically 

independent tellurium atoms are linked into endless chains parallel 

to the a axis by bridging oxygen atoms, and the other two are linked 

into isolated [Te30814- ions.230 The Coordination of the tellurium 

atoms can be considered to be based on a tetrahedral arrangement of 

three oxygen atoms and a lone pair of electrons, or a trigonal 

bipyramidal arrangement of four oxygen atoms and the lone pair. 

Crystal structures have also been described for the compounds CuTe04 231 

and Cu3Te06. 
232 

The thermal behaviour of Co4TeMo3016 and CoTeMoO6 have been 

investigated and the thermal decomposition products identified: two 

new compounds Co3Te06 and Co3Te2MoO10 were also synthesized. 233 
The 

reaction between tellurite, tungstate and vanadate in weakly acidic 

solutions have been studied. 
234 
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6.4-4 Tellurides 

The first binary alkali-metal polytelluride, K Te3, with Te32- ions 

has been prepared and its structure determined. 255 The anionic 

components of the structure are bent Te3 chain fragments with Te-Te 

distances of 280.2 and 280.5 pm which are thus shorter than in 

u-tellurium (283.4 pm), while the bond angle is slightly greater than 

in G-%2. The same ions have also been found in the compound 

In2Te5fIff. 
236 

The structure 

Te-In rings alternating with, 

The average Te-Te distance in 

an included angle of 101.6O. 

intermediate strength to form 

consists of chains of four-membered 

and cross-linked by the Te32- polyanions. 

this unit was found to be 2.85453 with 

The polyanions are linked by bonds of 

continuous chains of tellurium atoms 

running across the sheets of atoms, 

Dimethyltin telluride has been shown to contain the first tin- 

tellurium six membered ring. 237 The trimeric character of the compound 

was derived from molecular weight, mass spectral and i.r. data. The 

compound K6(Si2Te6) the first member of a family of tellurodisilicates 

has been shown to contain discrete Si2Te6 groups in a staggered 

conformation. 238 The crystal structure of Ag8GeTe6 has also been 

determined. 239 _ __ _. The alloy CdTe has been prepared and its crystalline 

structure confirmed. 240 A series of new compounds ABiTe where A is 

an alkali-metal have been prepared, 241 The phase and structural. 

relations in the Rh-Te system from 66 to 74 atomic % between 400 and 

lloO°C have been studiec3. 242 

Among the phase diagrams involving tellurium that have been 

investigated this year are: Na2Te-Sb2Te3, 
243 

Te-In-I, 
244 

Bi2Te3, 245 
GaTe3- 

M;'EE-Bi2Te3, 246 Y2Te3-Bi2Te3, 247 Te-InI, 
248 

In2Te3-In13, 
248 

Ag2Te-Tl2Te. 

6.4.5 Other Compounds Containing Tellurium 

Hydrogen sulphide and TeCl.4 have been shown to react in dichloro- 

methane to yield substances of initially low tellurium content, 
250 

On fractional recrystallization an enhancement of tellurium is observed 

up to an atomic ratio of Te:Se = 1:5. X-ray investigation showed the 

compounds to have the composition TeS7 and to be mixed crystals of S8, 

TeS7 a3d Te-s i 
2-6 

The co_mr~cr~~nd R3(SHjTeS3 has been prepared and t---- 

structurally characterized, 
251 The SH- ions are surrounded by an 

octahedrctn of K* ions and the Tog3 
Z- 

anions from flat trigonal pyramids 

with Te-S distances of 234-8 pm. 
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Novel complexes of 2,2 I-iminodiethanoldithiocarbamate (L) with 

Te(IV), Te(I1) and Se(II), having the compositions TeLq, TeL 12, 

TeL 
25? 

3 
i, TeL 

2 
andSeL w-m 2 nave been isolated FiZid CzhEiracteriZed. 
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