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SUMMARY 

The chemistry of some tellurium and selenium compounds 

have been studied with emphasis on their reaction with sulphur 

donor ligands, 

The preparation of some tellurium conpounds containing 

potentially bidentate ligands is described, ‘hese have 

fornulae Arte (tedto)x5, Tel (tmdto)xy, Arte” (tndto)x and 

teW (iMepDiiy)X4, (where X = C1 or Br, Ar = Ogllgs PRClizCglly, 

POOWs OG gH ys PoC OOglgs P-CgH5OCgig, P-Cp-Gcgly or p-Bregit,, 
‘ 

WY tetra- 

  

tedto = NNN N tetraethyldithio-oxamide, tmdto = 

mide). 

  

’ 
nethyldithLosoxamide and Me,DHy = NN dimethyldithio-ox 

Examination of vibrational spectra (infrared and Ranan 400- 

  

wad telluriuna= 

  

40 en?) indicates bands duc to telluriur-sulz 

halogen vibrational modes. Detailed or tentative nnents 

  

of the spectra for these conpleoxes are susgested and in certain 

cases structures proposed, 

Heterocyclic ligands containing both nitrogen and sulphur 

donors have been reacted with cortain telluriun(I) ana 

tellurium(IV) compounds, Conplexes of type Te” (tt2),X4 

te (tt2),Bry, Tell (tz) 4015 .11,0, arro™ (vts),X5, tel (TBuL) 9X4, 

and te QutTBuL) x4 (where X = C1, Br or I, x is integer, 

Ar = P-CH, OC EH 4, P-CoH, OCG I y or P-CgH Oey, tts = thiasolidine- 

2-thione, TBuL = Pyrrolidine-2-thione, and NMTBuL = Nenethyl- 

Pyrzolidine-2-thione) have been prepared, ‘The infrared and 

Raman spectra of these complexes have also been examined and 

are reported here,
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Spectroscopic evidence indicates that telluriunm could be 

nitrogen and sulphur co=ordinated in the tellurium(IZ) and 

tellurium(IV) complexes with thiazolidino-2-thione, but only 

sulphur co-ordinated in the tellurium(WV) complexes of 

Ppyrrolidine-=2-thione or N-methyl-pyrrolidine=2-thione,. 

Sone tellurium(IV) compounds appear to bo strong oxidising 

agents and react with some sulphur ligands to form diaryl- 

ditellurides or diaryltellurides, the tclluriun(IV) being 

reduced to tellurium(IL) or free telluriun, 

The preparation of diarylseleniundichlorides have been 

investigated and two new synthétic routes are reported, both 

of which use selenium(IV) chloride as a starting material. 

The far infrared and Raman spectra of diarylseleniumdichloride 

are reported and certain assignments nade, 

The vibrational spectra and the structure of some 

arylseleniuntribromides have been investigated, and sone 

proposals regarding their structure have been made. 

The preparation, characterisation, infrared and Ranan 

spectra of some new complexes of general fornula RSeLBr, 

= a i = CH a (where - ; Ogle. p CLC Hy, DP Bre ply or p-C 36H ‘4 nd 

L = NNN WN tetramethyldithio-oxamide or wnt 1 tetracthyldithio- 

oxamide) have been investigated, ‘The far infrared and Ranan 

spectra of these complexes indicates that co-ordination 

is through the sulphur atoms of thiocarbonyl group,
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The reaction of o=nitrophenylselenocyanate and p-nitro- 

phenylselenocyanate with some aromatic thiols in a non-aqueous 

media has been investigated, The main reaction products have 

been identified as the selenenyl sulphide or the diselenide 

(depending upon the reactants) and some infrared and Raman 

spectra of the products are reported, 

In the course of all the investigations there was a need 

for a rapid microsanalytical method for the determination of 

tellurium in organotellurium compounds, An atomic absorption 

spectroscopic method was developed, which involves the decomp- 

osition of the compounds by oxygen flask combustion and the 

absorption of aqueous solutions formed in a solvent and 

subsequent admission into the flane of an atomic absorption 

spectrometer,
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at the University of Aston in Birminghan, It has 
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ABBREVIATIONS 

Asynnetric 

Broad 

Dimothylformamide 

dithio-carbonate 

Ethyl 

ethylenethiourea 

Figure 

medium intensity 

Methyl 

NW aimethylaithio-oxanide 

Melting point 

medium-strong intensity 

N Mothyl-pyrrolidine-2-thione 

Phenyl 

strong intensity 

shoulder intensity 

synmetric 

Pyrrolidine-2-thione 

NNN N Tetraethyldithio-oxanide 

NNER etrsnathyiaathic-ovenies 

Tetramethylthiourea 

Thiazolidine-2-thione 

Thiourea 

Microgran 

very-strong intensity 

very-weak intensity 

weak intensity 

Halogen (Cl, Br or I)
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SYMBOLS 

conductivity 

deformation vibration 

Raman frequency shift 

stretching vibration 

tau
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Lal Chemistry of Tellurium, 

Tellurium belongs to group VIB, the oxygen group of 

the periodic table. This element has the eloctronic 

2 4 
configuration ns“- np* in the outermost orbitals. 

(182, 282, 2p°, 352, 3p°, 3429, 452, 4p9, 4at’, 552, sp 7 
There are two electrons short of the noble gas xenon 

configuration, The element shows more non-metallic 

chemistry than metallic chemistry. The clement has s, p 

and d@ orbitals available for use in bonding, so it can 

form more than four sigma bonds to other atons. In 

addition to these s, p and d orbitals, sulphur and 

Selenium have the ability to use d A orbitals for 

hybridization, whilst the lower members of the group are 

more electronegative to form covalent compounds and 

acidic oxides. The two higher members of the group e.g. 

tellurium and polonium are less electronegative and have 

   
an increasing tendency to form compounds showing cationic 

Properties. The increase in metallic charactor of the two 

higher members is shown by the increase in lonisc and the 

basic character of the oxides tellurium dioxide and polonium 

  

dioxide, Tellurium has only weak cationic prop 

the oxide tellurium dioxide is amphoteric. 

The oxidation states of tellurium in compounds may be 

-2, 0, 42,44 and 46 but +1 is possible in Tesbr, 

and a formal oxidation state of +4 has been noted in ene y 

melts by Bjerrum and Smith, + Tellurium exhibits 

valencies of -2,42,+4 and+6, Of these, four is the 

most stable, A coordination number of six is comuon in 

telliurium compounds,



Tellurium has a formal oxidation state of =-2 in the 

tellurides Tee ion, which shows its tendency to complete 

the inert gas configuration, 

Organotellurium compounds generally contain telluriun 

in oxidation states of either 2 or 4, The main types of 

compounds encountered are tellurols (nte= H), tellurides 

(a tem ), ditelluride (R,TeZ ,), organotelluriummonohalides 

RteZ x, (R,Te™ x) organotelluriumdihalides (R,Te™ X,) and 

organotelluriumtrihalides (nte™ x5), and derivatives of 

these compounds. 

The properties and stereochemistry of hydrogen telluride 

and its derivatives, tellurium oxides and oxyacids of 

tellurium, hexahalotellurates and organometallic compounds 

(i.e. those compounds which contain tellurium-carbon bonds ) 

have been fully discussed in many of the standard inorganic 

chemistry text books, ae 

For an oxidation state of telluriun if 44, one lone pair 

and four bond pairs may be predicted. Thus from a total of 

five electron pairs a trigonal bipyramid Shape is predicted 

as for Me ,TeCl,. With the acceptance of another negative 2 2 

ligand, ise. F~ as in Ter. ”, a ~ octahedral structure 

for the ion is predicted, i.e. one lone pair and five bond 

pairs, 

In the oxidation state of telluriun +6, tellurium will 

have six bonding pairs but no lone pair electrons. Thus 

for an isolated molecule an octahedral structure, i.e., 

Te(0H),, would be expected,
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The stabilization of tellurium (IZ) and tellurium (D7) 

by sulphur containing ligands has received some attention. 

Tellurium(Z) compounds would be expected to prefer sulphur 

donor ligands according to Pearson soft acid-soft base 

concept, 

The types of sulphur ligand may be classified into the 

following groups 1 

(a2) through lone pairs of sulphur from a thioether 

group, e.g, dimethylsulphide. 

"\ @ 
me 

where R = OCH 
2 

(6) through a lone pair of sulphur from a thiocarbonyl 
S 

group, e.g. thioketones (git,-0" ~¢gtt, ) 

Ph. 

Soe 

(c) through a lone pair from a thiol group e.g. 

Methanethiol (cH, SH) 

OD SR



Le2 Thiourea and substituted thiourea complexes 

with tellurium (IZ) and tellurium (D7) 
  

The reactions of sulphur donor ligands such as thiourea 

and substituted thioureas with tellurium (11) and (DV) have 

been extensively Miyestigasede yoioat examples of complexes 

of tellurium (IZ) and tellurium (DY) with thiourea and their 

derivatives Te( YO) np are listed in table 1-1, 

The crystal structure of a large number of compounds of 

12b 
this type have been determined by 0. Foss ot al, 

These complexes may be obtained by reacting a mixture of 

tellurium dioxide in hydrochloric acid with thiourea or its 

derivatives in an aqueous methanol medium. Reduction of the 

tellurium (IV) often occurs giving rise to complex of telluriun 

(TZ) and the oxidation of the thiourea to formanidiniun 

disulphide cations as indicated below ;- 

Vv z - Teas te + (n+2)S=0(NR,), + 2X —— > Te [s=c(m,),],.%, 

+t 
[ayy p0-8=8-C (IR) 9] 

where X = Cl, Br or Ff, 

13a,13b 13a,13d 
The corresponding iodides Le thiocyanates aes 

ae 13a 13a b 
bromide nitrates and perchlorates pert? can be 

produced by ionic exchange reactions. An increase 13a, 

154,135 
or decrease ~” aoe in the co-ordination number of the 

tellurium atom is possible, as can be seen from the following 

examples’ ;-



  

TABLE 1-1 

The complexes of tet? and tet4 with thiourea and their 

derivatives e(Y), (X),+ 

Where tu = thiourea, etu = ethylenethiourea, tmtu 

thiourea, Prtu = propylenethiourea. 

= tetramethylene- 

  

  

zr x n m | References 

tu Cl, Br, I, SON, or CH,S,0, 2 2 | 13a, 13c, 14 

tu HF, 3 2] 13a 

* td C1", Br, SCN, F', HF,, NO, 
tu a tee 4 2°] 13a, 14, 15 80," C10,5 HC,0, oe 

tu Cl, Br z 4] 16 

etu Br, I, SCN, CH,S,0,, C,H,S,0, 2 2 | 13b, 130 

etu CLO, 3 2 13a 

etu c1*, Br*, C10,, Tec1,*** 4 2] 13d 

tmtu Cl, Br a 2 1336 

tmtu Cl, Br, I, CH38,0,, C,H,S,0, 2 2] 130 

tmtu Cl, Br 2 4 13e 

Prtu ci", ¢10, 4 2] 134 

Prtu C10, 3 2] 134 

tu/tmdto | Cl, Br 2/2 | 2| 13¢             

RE 

erystallised in anhydrous from or with 2H,0 

crystallised with H,0 

2 

obtained in the attempt to prepare Te(etu),C1,



Te(tu)c1, * ty ——= 5 Te(tu) cl, 

Nal 
Te(etu) ,C2 «H,O —————> Te (etu) H 

202 CHO 
3 

ate 

where tu = thiourea and etu = ethylenethiourea,. 

13a,14 i¢ 14 
Sulphates nitrates and oxalates are also 

Iknown. 

In the well defined thiourea and substituted thiourea 

complexes,” the tellurium acceptor atom can cope with the 

charge from the lone pair electrons on the sulphur donor to 

form complexes of the types TeL x5, TeL Xo or Te(L)X; where 

L is thiourea or substituted thiourea and X is a halogen 

atom. When the ligand is tetramethylthiourea the 

electronegative nature Of the lone pair is so great that the 

tellurium acceptor atom can only cope with the charge 

donated fron one ligand, resulting in the formation of a 

1:1 complex. The electronegativity of the lone pair electrons 

and presumably the size of the lone pair, is of great 

importance and is related to the nature of the rest of the 

ligand. The nature or electronegativity of the lone pair 

can then be altered, i.e., by the design of the ligand. 

The stereochemistry of thiourea and substituted thiourea 

tellurium complexes (e.g, Te (tu) ,¢1,) may have a cis or 

trans structure, Crystallographic study has shown that 

these compounds are basically of a square planar structure 17 

as shown below t=



  

tu tu x tu 

cis Te(tu) ,X5 trans Te(tu) x, 

where X = halogen 

Complex thioureaphenyltellurenylchloride was isolated 

by Foss 13a, 13e The equation for the reaction is shown 

and discussed in Chapter III (page 88 ), 

Tellurium (DQ) in the complex Cele Te(tu)cL 18" We thes 

coordinated, The structure is illustrated in Chapter III 

(page 140), There are three nornal bonds and the fourth 

is very long. The Te=--C1l bond opposite tho phenyl group 

is virtually absent, The effect is probably due to the use 

of a single p orbital for bonding at 180°, so that one 

ligand is more strongly bound than the other, 

Tellurium (IV) in the complex Cll TeSC (Nite, ),c1, is 
? 3 

a 
five coordinated, ? whe structure of this complex is 

illustrated and discussed later in Chapter III (pagezdo ).



er The reaction of some tellurium (DV) compounds 
  

with some sulphur donor ligands. 

Clark et al 20 have studied the reaction of some 

tellurium (IV) compounds with mony Ww tetraethyldithio- 

oxamide and suggest that the compounds formed may have 

a structure based on @ coordination number of six for 

the tellurium atom, with one long Te=Cl bond or two long 

Te-Cl bonds, 

Cor: 

The ligand NNN N tetraalkyldithio-oxamide contains 

two R-N-0=8 groups and thus has the same essential groups 

as found in thiourea, 

s 

Cc 

ee ai Nm, 

CHy), 

thiourea or substituted thiourea 

A
=
n
 

a heterocyclic thiourea (where R= H, CH,, Cols) 
? 

(where n = 2 or 3) 

8 s 

c——6 

RoW MR 5 

Substituted dithio-oxamide 

(where R = CH or Colts )



This thesis is concerned with the study of 

nun wv tetraalkyldithio-oxamide and their reaction with 

tellurium (LV) compounds, The reaction of related 

ligand such as dithiooxamide, heterocyclic (thiazolidine- 

2-thione, pyrrolidine-2-thione, N-methyl-pyrrolidine-2- 

thione), nethyl=3-mercaptopropionate and 1,3ai(2=pyridyl)- 

2-thiourea has also been investigated and the complexes 

formed, described and characterised, 

Spectroscopic evidence indicates that co-ordination in 

these compounds is invariably through sulphur atoms but 

there are indications that nitrogen donor atons are 

Sometimes involved, 

The reactions investigated and products produced are 

Sunnarised in figures 1-1,1-2,1-3,1-4 and 1-5, overleaf. 

The structural formulae of all the ligands used during 

the work deScribed in this thesis are shown below 4- 

  

ae Cols 

Cie ee Cols N ace 

C026 Che NN C=5 3 | 209, | 

CHS CoHs 

Tetramethyldithio- Tetraethyldithio- 
oxamide oxamide



- 10 = 

H 
CH—— CH 1 

2. rine CH, —N— C28 
Hh 8 | 
Ne, CH;— — C=8 

G | 

1 H 
s 

Thiazgolidine-2-thione Dimethyldithio-oxamide 

ee te pe [ 

S=C. CH S=C CH 

Sit re 
| I 
H CHS 

Pyrrolidine=2-thione Nenethyl-pyrrolidine-2-thione 

YO 5 ; ie 

Sek Sr i re 7 

Heck 

1,3di (2-pyridyl)-2-thiourea 

HH oo 
1 a 

=8-0-¢-¢-0-c1 
Hae i} 
HH 

Methyl-3-mercaptopropionate
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dprtu Me, DH, 

Te° gene Te (MMe, DH, )C1, 
MeOH acetic acid 

and MeOH 

TBuL NMTBuL ( ) 
Te (TBuL) C1 Tel Te (NMTBuL )C1 

am acetone 4 acetone 24 
and MeOH and MeOH 

pee Me, DH. 

(i cee —*———> Te (Me ,DH, Bry 
MeOH acetic acid 

and MeOH 

NMTBuL 

Te(TBuL) Bry Soap eRIGEETEE. ot aianeS Ra Te (NMTBuL ),Br, 
MeOH MeOH 

Fig. 1.4 

Where: TBuL is pyrrolidine-2-thione 

NMTBuL is N-methyl-pyrrolidine—2-thione 

/ 
DE, is NN dimethyldithio—-oxamide 

dprtu is 1, 3 di(2-pyridyl )-2-thiourea 

The Reactions of Tellurium tetrahalide with some sulphur 

donor ligands.



p-CH,0C,H ,TeC1 
3°64 5 (p-CH,0C,H,),Te, <——-_-_"_= 

P-CoH OCH, TeCl, 
(p-C HOCH, )-Te, 

1, 3 di(2—pyridyl )-2-thiourea. 

p-CH,OC-H ,TeCl 
(p-CH,0C,H, )oTe, 381614 3 

P-CpH_OC cH, TeCl 
a eee (p-CH,0C gH, )-Te, 

3-methyl-mercaptopropriate. 

         (p-CH,0CH, ),TeC1 a Grave Oo (p-CH,0C,H, ) Pe   (p-CH 0C,H,),TeCl Be Gade ene es (nr CoH OC eH, )-Te 

Fig. 1.5 

The Reactions of some tellurium(IV) compounds with 

sulphur donor ligands.



2 Bae 

1.4 Vibrational Analysis 

The vibrational analysis of compounds containing 

telluriun-sulphur bonds have been linited to compounds 

where thiourea, mercapto acid and thiosulphide are licands, 

Aynsley et ae were the first workers to study the 

spectra of any compound containing a telluriun-sulphur 

bond. The complex examined was of the type Te (Ty) (tu)x 

(where X is chlorine or bromine and tu is thiourea) 

The tellurium atom was reported es to be the oxidation 

state (IV) but this compound was found to Give a spectrun 

identical to that for Te(I1 )tu).¢1, the preparation of which 

13a 
was published independently, ae 

22 
Hendra and Joviec published the infrared and Raman 

spectra of Te(tu),Cl,, Te(tu),Cl, and Te(tu),Br, (where 4°"2 cae 2 2 

a ay tu = thiourea). A band at 255 cm ~ was assigned to the 

tellurium-sulphur vibration, y (Te-S). 

Hendra and Jovic eo examined spectroscopically the 

telluro complexes with substituted thioureas, These 

compounds had either cis or trans configuration. The 

V(Te-S) symmetric stretching frequency was assigned to 

230 cm@! and the asymmetric \(Te-S) to 210 en=, 

The preparation, infrared and Raman spectra of 

telluro-mercaptoacids (such as tellurobis-(3-mercapto- 

propionic acid), tellurobis-(2-mercaptoisobutyric acid), 

and tellurobis-(2-mereaptopropionic acid) were reported 
2 

by Clart and Collett, 2
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These compounds were prepared by adding sodium tellurite 

in distilled water to the mercapto acids also dissolved in 

water, Tellurium-sulphur symmetric and asymmetric stretching 

vibrations in the Ranan spectra to these compounds ranged 

from GY 247 and 234 em~+ for telluro bis(2-=mercaptoiso- 

butyric acid) and to AY 212 and 197 en7- in the other 

two compounds, 

Clark and Collett ee also reported infrared and Raman 

spectra of seleno and telluro-pentathionates, These 

compounds contain anions of the formula [k(80,)p]°~ (hore 

M 2 selenium or tellurium). It was suggested that the 

symmetric tellurium-sulphur stretching frequency in 

telluro-pentathionates was in the region 236-265 a, 

The infrared and Raman spectra of all conplexes, whose 

Preparations are described in this thesis, were carried out, 

and the fundamental bands assigned where possible, As 

mentioned earlier, these are reported in nore detail in 

Chapters [I, III and Iv. 

It is suggested that the tellurium atom in these compounds 

are usually sulphur bonded but sometines nitrogen bonded. 

From the vibrational data the possible stereochemistry of 

the tellurium atoms may be inferred but not imphatically 

proved. 

The structure of some telluriun (IV) compounds with 
4a eh 

NM NN tetramethyldithio-oxamide or NNN N tetraethyldithio- 

oxamide suggest that the compounds formed may have a structure
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based on a coordination number of six for the telluriun 

atom with one long Te-Cl bond or two long Te=-Cl bonds, 

Also some tellurium (IZ) and tellurium (IV) compounds 

with thiazolidine-2-thione may have a cis or trans 

structure i.e., the tellurium atom in Te(tts) Xx, probably 

has one sulphur donor, one nitrogen donor and the four 

halogen atoms occupy the four remaining positions, 

Further aspects of the structure of the compounds are 

discussed in Chapters ID and III. 

1.5 Oxidation reactions of aryltclluriun 

trihalide, diaryltellurium dihalide and 
  

tellurium tetrahalide, 

  

These compounds are good o: ising agents and appear 

to vary in oxidising capacity, ‘The reaction products are 

either diarylditelluride, diaryltelluride, or elenental 

tellurium as sunmarised in fig, 1-5 and discussed in greater 

detail in Chapter y, These oxidation products were 

5 
identified by infrared, elemental analysis and H namex, 

spectroscopy, 

The reaction of telluriun (IV) compounds (such as 

RTeCls, RoTecl, or TeXy, where X = Cl, or Br and R Span ee 4s 

or P-CoH OC EH, ) With sulphur ligand donors (such as methyl- 

3-mercaptopropionate or 1, 3di (2-pyridyl)-2-thiourea wore 

investigated and the reactions occuring are Summarised in 

Chapter ¥,
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1.6 Tellurium Analysis. 

It was necessary to analyse the tellurium compounds 

and complexes for their tellurium content. 

Consequently, the oxygen flask method was used to 

decompose the tellurium compounds and complexes and the 

telluriym, in the solutions produced, was determined by 

atomic absorption spectroscopy. 

The full experimental details are given in Appendix I 

. 
(page 266) and have recently been published. Bint 

1.7 Stability of complexes. 

The break-down of complexes in mass spectroscopy 

(tetramethyldithio-oxamide and tetramethyldithio-oxamide ) 

was also investigated. A typical fragmentation pattern 

is shown and discussed in more detail in Chapter IT (page 79 ).



CHAPTER II 

Tae 
NNN N Tetraethyldithio-oxamide, 

bat 

NNN N Tetramethyldithio-oxamide 

¢ 

and NN Dimethyldithio-oxamide 

complexes of Tellurium(IY).
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2.1. INTRODUCTION 

Fully substituted dithlo-oxamides are potentially 

bidentate ligands in which co-ordination may occur through 

sulphur or/and nitrogen atoms, Insoluble complexes are 

formed with some metal ions by reaction with this tyve of 

ligand in a non=coordinating solvent such as acetone or 

n-butanol, 26,27, 28 

Transition metal ions have received some attention, 

Maganese (11), 4ron (IZ), nickel (11), copper (I), form 

conbTeKoee” of the type [u(tedto) ,] C G10, Jp but second 

row transition metals form complexes of a different 

stoichiometry, For example, with tetraethyldithio-oxamide, 

Pa(tedto), {cl0,1,, a 1:2 electrolyte and Pa(tedto)x, a 

non-electrolyte have been reported! 

Tin (IY) chloride forms a complex Sn(tedto) Cl 26 

and more recently a the range of elements which form 

complexes with tetraethyldithio-oxamide has been extended 

to inelude ginc (11), cadmium (IZ) and mercury (IZ). Two 

classes of complexes are formed with these elements. ‘The 

Perchlorates of fornula [u(tedto) ,J{c10,1, are similar to 

those reported earlier for iron, nickel and copper but the 

1:1 non-electrolytes of formula M(tedto)x, (where Xe Cl pr) 

or I)are analogous to the palladium compound referred to 

above. Co-ordination through sulphur is always involved 

for iron, nickel and copper, This is usually the case for 

other elements irrespective of the nature of the metal ion, 

ise. whether it could be described as a soft or hard acid,
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It is interesting to note that alternative donors are 

involved in NY disubstituted dithio-oxamide which are 

8,N coordinated for gold (IIT) but again S,S coordinated 

complexes (tedto Aux 

30 
dithio-oxamide. 

4 AUX, ) are formed with tetraethyl- 

The reaction of fully substituted dithio-oxamide with 

non=transition elements has received little attention, 

Clark et.al. ee reported the preparation of some telluriun (Dy) 

complexes of the type Te(tedto)x, and RTe(tedto)X, where 

R =CH,OC.H,, CoH, OC oH, and X = Cl, Br, or I. 

The only complexes of tetramethyldithio-oxamide, a 

potentially bidentate ligand, reported so far are those 

with gine (IT), cadmium (IZ), mercury (1) 27 , Silver ooh 

gold (IIT) 30 ana palladiun 21 The first row transition 

elements for complexes of the type M(tmato)X 5 where 

X = Cl, Br, or I (non-electrolytes) and others 

u(tmdto), (C104), which are 1:2 electrolytes. The second 

row transition metal tmdto complexes are of the formula 

Ag, (tnato) , (010 (tmato) Aux, (Aux, ); ionic Pa(tmdto), (¢10, ), 423 

a 1:2 electrolyte; Pa(tmdto)X, a non-electrolyte, 

Tetramethyldithio-oxamide should be a stronger donor 

than the ethyl analogue, because of the inductive effect 

of the four methyl groups, and should form stronger complexes. 

In this chaper, the preparation of twenty-four new 
a7 ’ 

complexes are described. NNN N tetramethyl or NN Nv teotra- 

ethyldithio-oxamide complexes were prepared by dissolving 

tetramethyldithio-oxamide or tetraethyldithio-oxamide (1 nnol,)
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in a suitable dry solvent such as methanol or n-butanol and 

then adding this to the tellurium tetrahalides or aryltelluriunm 

trihalides (1 mmol,) dissolved in either methanol or n-butanol, 

The precipitates formed immediately after cooling at 10°C, 

Or in an ice bath. Dimethyldithio-oxamide complexes were 

prepared by the addition of telluriumtetrahalides dissolved 

in acetic acid/methanol to a solution of dimethyldithio- 

oxamide in acetic acid/methanol, The precipitate formed 

after five minutes. 

The starting materials (such as aryltellurium trihalides, 

diarylditellurides, diaryltelluriumdichloride, diaryltelluride, 

NEN N dimethylaithiosoxantde, mmr N tetramethyldithio-oxamide 

and NN aimethylai th owoxantas) which were used for the 

preparation of complexes with sulphur donor ligands, were »repared 

according to the literature Sroostiree] a | and these are 

summarised in figs 2-1,2-2, Full experimental details of 

the preparation are given in appendix I (page 2). All 

compounds gave satisfactory analysis (see tableA25page 259). 

The complexes prepared were of the type Te(tmdto)X, 

ArTe (tmato)x , and ArTe(tedto)X,; where X = Cl, or Br, and 

Ar = phenyl; P-CH, Coty» P-CH, OC GH, P-CaH, OC EH,» 

P-Ce lH, OCEHy, D-H SCgHy, P-BrCghy, (tmdto is tetranethyl- 

dithio-oxamide and tedto is tetraethyldithio-oxamnide). 

All compounds were analysed for carbon, hydrogen, nitrogen, 

and tellurium and were subjected to chenical and vibrational 

analysis. Assignments of the tellurium-halogen and telluriua- 

sulphur vibrational modes were also made. The reaction of; 

tellurium tetrachloride and tellurium tetrabromide with
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NN dimethyldithio-oxamides; and full substituted dialkyl- 

dithio-oxamideswith aryltelluriumdichloride, was investigated 

and the possible structures of the compounds were discussed. 

It is hoped that this study may contribute to a better 

understanding of the nature of the tellurium-sulphur bond 

and the factors involved with complex formation of sulphur 

donor ligands,
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2.2 EX PERIMENTAL 

NE 

2.21 Preparation of the NNN N tetraethyldithio 
  

-oxamide complexes with Aryltelluriun- 
  

trihalides. 

2.2.1.1 Phenyltelluriumtrichloride 

A solution of 0,232 g. (1 mmol.) of tetraethyidithio- 

3 
oxamide in 5 em~ of dry methanol was added to a solution 

of 0.311 g. (1 mmol.) of phenyltelluriumtrichloride in 

3 of dry methanol. On stirring for 10 minutes a pale 5 em 

yellow precipitate formed immediately on cooling in an ice 

bath. The precipitate was filtered off, washed with dry 

methanol and dried in a vacuum desiccator, Yield 0.35 s. 

MeD. 125-130°C (decomp. ) 

[Found ¢, 35.58; H, 4.72; WN, 5.35; Te, 23.32: Tes, Oy ¢liggN 501, 

requires C, 35.35; H, 4.64; N, 5.16; Te, 23.50 %] 

2.2.1.2, Phenyltelluriuntri bronide 

Phenyltelluriumtribromide 0.444 g, (1 mmol.) in 7 om 

of dry methanol was added to a solution of 0.232 g. (1 «mol. ) 

of tetraethyldithiosoxamide. On stirring for eight minutes 

a yellow-orange precipitate formed immediately on cooling in 

an ice bath. The product was filtered off and dried, 

Yield 0.46 g. mep. 165-169°C (decomp, ) 

Cround C, 28.28; H, 3.91; N, 4.19; Te, 19,08; TeS5C gHo.NoBr 
2 ones 

requires C, 28.38; H, 3673; N, 4.11; Te, 18.87 % ]
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2.2.1.3 Tolyltelluriumtrichloride 

0.232 gs (1 mmol.) of tetraethyldithio-oxamide in 5 cn> 

of dry methanol was added to a solution of 0.325 ¢. (1 mmol, ) 

of p-tolyltelluriuntrichloride in 7 Cae of dry methanol, On 

stirring for five minutes a pale yellow precipitate formed 

immediately on cooling. The precipitate was filtered off 

and dried in a vacuum desiccator, Yield 0.34g, 1.p.165-168°¢ 

(decomp). 

(Found C, 36.14; H, 4.89; N, 5.12; Te, 22.84: TeSjC,7Ho7NoCl3 

requires C, 36.62; H, 4.89; N, 5.013; Te, 22.91 ¢] 

2.2.1.4 p-Tolyltelluriumtri bromide 

To a solution of 0.458 g. (1 mmol.) of p-tolyltelluriun- 

tribronide in 7 on? of dry methanol was added a solution of 

0.232 g. (1 mmol.) of tetraethyldithio-oxamide in 5 cae 

of dry methanol, A yellow-orange precipitate formed imuediately 

after stirring and cooling in an ice bath. The product 

was filtered off and dried in a vacuum desiccator, 

Yield 0.44 g. med. 175-178°C (decomp. ) 

(Found C, 29.86; H, 4.22; N, 4.19; Te, 18.351 TeS50)7Hb7 Npar, 

requires C, 29.55; H, 4.00; N, 4.06; Te, 18.48 %] 

2.2e1¢5 Phenoxyphenyltellurium trichloride 

Tetraethyldithio-oxanmide 0.580 g. (2.5 mmol, )in 15 en? 

of dry n-butanol was added to a solution of 0.997 g. (2.5 mol.) 

of p-phenoxyphenyltellurium trichloride in 15 en> of dry 

n-butanol, On stirring a pale yellow precipitate formed
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immediately in an ice bath. The precipitate was filtered off 

and dried in a vacuum desiccator, Yield 1.25 g. m.p.180-134°¢ 

(decomp. ) 

Cround c, 41.86; H, 5.02; N, 4.46; Te, 20,09; Tes 2029 Hag 001, 

requires C, 47.17; H, 4.67; 4, 4.47; Te, 20.03 4] 

2.2.1.6 p-Phenoxyphenyltelluriuntribromide 

A solution of 0.232 g. (1 mmol.) of tedto in 5 ou 

of dry methanol was added to a solution of 0.536 S-» (1 mmol, ) 

of p-phenoxyphenyltelluriuntribronide in 5 en? of dry 

methanol, On stirring a yellow precipitate formed inuediately 

on cooling in an ice bath. The product was filtered off an 

dried in a vacuum desiccator, Yield 0.59 ¢. Me D. 165-1579 C 

(decomp. ) 

[Found C, 34,58; H, 3.70; MN, 3.79; Te, 16.34; 

Tes, Cc ON 2373 requires C, 34.36; H, 3.32; N, 3.79; 2°20la9 

Te, 16.61 4] 

2.2.1.7 p-Thiophenoxyphenyltelluriuntrichloride 
  

0.418 g. (1 mmol.) of p-thiophenoxyphenyltelluriuna- 

trichloride in 7 cn? of dry nethanol was aided to a solution 

of 0.232 g. (1 mmol.) of tetracthyléithio-oxazide in 5 en 

of dry methanol, On stirring for ten niautes a pale yellow 

precipitate formed innediately on cooling in an ice bath. 

The precipitate was filtered off and dried in a vacuum 

desiccator, Yield 0.46 g. mp. 165-170°¢ (decomp.) 

[Found C, 40.84; H, 4,64; w, 4.41; Te, 19.91; 

Tes, CoH 29° NyCl, requires C, 40.55; H, 4.49; N, 4.30 

Te, 19.54 4]
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2.2.1.8 p-Thiophenoxyphenyltelluriumtribromide 

Tetraethyldithio-oxamide 0.232 g. (1 mmol.) in 5 on? 

of dry methanol was added to a solution of 0,542 g. (1 mmol.) 

of p-thiophenoxyphenyltelluriumtribromide in 6 en? of dry. 

methanol. <A yellow-orange precipitate formed inmediately 

on stirriag for five minutes with cooling in an ice bath. 

The precipitate was filtered off and dried in a vacuun 

desiccator, Yield 0.51 g. m.p. 160-164% (deconp.) 

[Found C, 33.22; H, 3.70; N, 3.533 Te, 16.72: 

Tes Cool olin Sry requires C, 33.66; H, 3.72; MN, 3.57 3 
Te, 16.27 #] 

2.2.149 p-Bromophenyltelluriumtri bronide 

To a solution of 0.232 g. (1 mnol.) of tedto in 5 en3 

of dry methanol was added a solution of 0.514 @. (1 mnol,) 

3 of p=bromophenyltelluriumtribronide in 6 cn of dry methanol, 

On stirring for five minutes a yellow-orange precipitate 

forned immediately on cooling in an ice bath. The product 

was filtered off and dricd in a vacuun desiccator. 

Yield 0.53 g. mop. 187-189°C (decomp. ) 

(Found C, 25.93; H, 3.51; N, 3.72; Te, 16.95: 

Tes,¢ NoBry requires C, 25.42; i, 3.20; MN, 3.71; 16H a4 
Te, 16.89 4]
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FF 

20202 Preparation of WNN N  tetramethyldithio- 

oxanide comploxes with tellurium tetra- 

halides and aryltellurium trihalides. 
  

2.2.2.1 Telluriumtetrachloride 

Tetranethyldithio-oxamide 0.176 g. (1 nmol.) in 5 en? 

of dry methanol was added to a solution of 0.279 g. (1 mmol.) 

of telluriuntetrachloride in 4 en? of dry methanol. On 

stirring a yellow-orange precipitate formed innediately 

after cooling at 10°C. The precipitate was filtered of7, 

washed with dry methanol and dried in a vacuum desiccator. 

Yield 0035 Ge mp. 203°C (decomp. ) 

Cround C, 16.50; H, 2.80; N, 6.00; Te, 28.95; PeS Cg iyo Cl, 

requires C, 16.17; H, 2.723; N, 6.29; Te, 28.65 %] 

2.2.2.2 Telluriuntetrabromide 

0.447 g. (1 nnol,) of telluriumtetrabromide in 5 en3 

of dry methanol was added to a solution of 0.176 ¢. (1 mmol, ) 

of tmdto in 5 ei of dry methanol, A red precipitate forned 

imnediately on stirring and cooling to 10°C. The product 

was filtered off and dried in a vacuum desiccator, 

Yield 0.52 g. mep. 234°C (decomp.) 

Cround C, 12.15; H, 2.11; N, 4.19; Te, 20.39; TeS, Cg, oN By, 4 

requires C, 11.55; H, 1.94; N, 4.49; Te, 20.47 %] 

2.262.3 Phenyltelluriumtrichloride. 

0.176 g. (1 mmol.) of tetramethyldithio-oxanide in5 cx 

of dry methanol was added to a solution of 90,311 g. (1 mnol.)
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of phenyltellurium trichloride in 5 cn of dry methanol, On 

stirring a pale yellow precipitate formed immediately after 

cooling at 10°C. The precipitate was filtered off and dried 

in a vacuum desiccator. Yield 0.34 g. map. 147-151°C. (decomp. ) 

Cround C, 29.63; H, 46223 N, 5.75; Te, 26.15: TeS,C),Hy N01 , 

requires C, 29.57; H, 3-91; N, 5.75; Te, 26.20 %] 

2.2.2.4 Phenyltelluriumtribromide. 

A solution of 0,176 g. (1 mmol.) of tmdto in 5 en? of 

dry methanol was added to a solution of 0,444 g, (1 mmol.) 

of phenyltelluriumtribromide in 5 en? of dry methanol, A 

yellow precipitate formed immediately after coolins and 

stirring to 10°C. The precipitate was filtered off and 

dried in a vacuum desiccator. Yield 0.45 g. mep. 125-127°C. 

(decomp, ) 

(Found ¢, 23.89; H, 3.36; N, 4.60; Te, 20.01; Tes,¢, 5H 17 1,3 

requires C, 23.21; i, 3.07; MN, 4.51; Te, 20.57 4] 

2.2.2.5 p-=Tolyltelluriumtrichloride, 

p-Tolyltelluriumtrichloride 0.725 g. (1 mmol.) in 

5 cn? of dry methanol was added to a solution of 0.176 g. 

(1 mmol.) of tetramethyldithio-oxamide in 5 on? of dry 

methanol, On stirring a pale yellow precipitate formed 

immediately after cooling to 10°C. The product was filtered 

off and dried in a vacuum deSiccator. Yield 0.35 g& 

MeDe 192-196°C (decomp. ) 

(Found C, 31.37; H, 4.22; N, 5.73; Te, 25.162 MV et; TeS 5013 Hy9 

requires C, 31.14; H, 3.80; N, 5.59; Te, 25.47 %]



2.2.2.6 p-Tolyltelluriumtribromide. 

TO a solution of 0.176 g. (1 mmol.) of tmdto in 5 en? 

of dry methanol was added a solution of 0.458 g. (1 mmol.) 

of p-tolyltelluriumtribromide in 5 om? of dry methanol. On 

stirring for five minutes a yellow precipitate formed after 

cooling to 10°C. The precipitate was then filtered off and 

dried in a vacuum desiccator. Yield 0.469 g. asp. 186-190°C 

(decomp. ) 

(Found ¢, 25.28; H, 3.50; N, 4.37; Te, 20,03: TeS5C) 3Hyg Iodry 

requires C, 24,60; H, 3.00; N, 4.41; Te, 20.12 2] 

2.2.2.7 p-Methoxyphenyltelluriumtrichloride. 
  

Tetramethyldithio-oxamide 0.176 g. (1 mmol.) in 5 ont 

of dry methanol was added to a solution of 0.341 g. (1 mmol.) 

of p-methoxyphenyltelluriumtrichloride in 5 en? of ary 

methanol, A yellow precipitate formed immediately after 

stirring and cooling at 10°C. The product was filtered off 

and dried in a vacuum deSiccator, Yield 0.32 g. mepe176-173°C 

(decomp. ) 

[Found ¢,°30.61; H, 3.70; N, 5.73; Te, 24.85; Tes, L Cy 3H y 9 0ifge 3 

requires C, 30.17; H, 3.70; N, 5.42; Te, 24.68 g] 

2.2.2.8 p-Methoxyphenyltelluriumtri bromide. 

0.474 g. (1 mnol. ) of p-methoxyphenyltelluriuntri bromide 

in 5 end of dry methanol was added to a solution of 0.176 Se 

(1 mmol.) of tmdto in 5 en? of dry methanol, On stirring a
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yellow precipitate formed immediately after cooling to 

10°C. The precipitate was filtered off and dried in a 

vacuum desiccator, Yield 0.55 g. mepe 170-176°C (decomp. ) 

[round C, 24.10; H, 3.21; N, 3.91; Te, 19.59: TeS, 0) 3H 90 2Br, 

requires C, 23.993 H, 2.96; N, 4.31; Te, 19.62 % 

202.2.9 p-Bthyoxyphenyltelluriumtrichloride. 
  

A solution of 0.176 g. (1 mmol.) of tetramothyldithio- 

oxamide in 5 en? of dry methanol was added to a solution of 

0.355 g@ (1 mmol.) of p-ethoxyphenyltelluriumtrichloride in 

5 ond of dry methanol. A pale yellow precipitate formed 

immediately after stirring and cooling at 10°C, The precipi- 

tate was filtered off and dried in a vacuum desiccator. 

Yield 0.39 g. m.p. 175=180°C (decomp.) 

[Found C, 32. 52; H, 4.31; Ny, 5.51; Te, 24.20: YeS,c 2 34H) Olpeh 
3 

requires C, 31.64; H, 3.94; N, 5.27; Te, 24.03 %] 

2.2.2.10 p-Bthoxyphenyltelluriumtri bromide. 

p-Ethoxyphenyltelluriumtribromide 0.488 g. (1 muol.) 

in 5 ee of dry methanol was added to a solution of 0.176 g. 

(1 mmol.) of tmato in 5 en? of dry methanol, On stirring a 

yellow precipitate formed immediately after cooling to 10°C. 

The product was filtered off and dried in a vacuun desiccator, 

Yield 0642 ge mepe 159=165°C (decomp. ) 

[Found 0, 26.07; H, 3.50; N, 4.14; Te, 19.02: TeS,C ON, Br. ora a yon ons 
requires C, 25.29; H, 3419; N, 4.21; Te, 19.21 4]
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2.2.2,11 p-Phenoxyphenyltelluriumtrichloride,. 

0.176 g. (1 mmol.) of tetramethyldithio-oxamide in 5 cn 

of dry methanol was added to a solution of 0,403 g. (1 mmol.) 

3 of p=phenoxyphenyltelluriumtrichlovide in 5 cm™> of dry methanol, 

A pale yellow precipitate formed immediately after cooling and 

stirring at 10°C. The precipitate was filtered off and dried 

in a vacuum desiccator, Yield 0.44 g. m.p. 164-166°C 

(deconp, ) 

(Found C, 37.87; H, 3089; N, 4.41; Te, 22.16: TeS,c OW CL 
16% 21 3 

requires C, 37s31; H, 3.66; N, 4.84; Te, 22.04 % ] 

2.2.2.12 p-Phenoxyphenyltelluriumtribromide,. 
    

To a solution of 06536 g. (1 mmol.) of p-phenoxyphenyl-= 

telluriumtribronide in 5 She of dry methanol was added a 

solution of 0.176 g. (1 mmol.) of tmato in 5 cm of ary 

methanol, On stirring a yellow precipitate formed immedia-= 

tely after cooling to 10°C, The product was filtered off 

and dried in a vacuum desiccator. Yield 0.55 ¢. 

MePs 155-153°C (decomp. ) 

(Found ¢C, 29.63; H, 3.07; N, 3.68, Te, 17.45: TeS50,gH>,0NoBr 
3 

requires C, 30.32; H, 2697; N, 3.94; Te, 17.91 4] 

2.2.2.13 p-Thiophenoxyphenyltelluriuntrichloride. 
  

Tetramethyldithio-oxamide 0.176 g, (1 mmol,) in 5 one 

of dry methanol was added to a solution of 0.419 gS. (1 mmol.) 

of p-thiophenoxyphenyltelluriumtrichloride in 5 cn? of dry 

methanol, A pale yellow precipitate formed immediately 

after stirring and cooling to 10°C, The precipitate was
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filtered off and dried in a vacuum deSiccator. Yield 0.43 g. 

Mep. 161-163°C (decomp. ) 

Cround C, 36.34; H, 4.12; N, 4.41; Te, 21.10; TeS,Cy gH 5)NoC1, 

requires C, 36.30; H, 3.87) N, 4.71; Te, 21.45 4] 

- 
2.2.5 Preparation of the NN dimethyldithio- 

oxamide complexes with Tellurium(IV) halide. 

2.2501 Telluriumtetrachloride 

- 
NN Dimethyldithio-oxamide 0.075 g. (0.5 miol.) ina 

mixture of 2 en? methanol and 3 en? acetic acid was added 

to a solution of 0.27 g. (1 mmol.) of telluriumtetrachloride 

3 methanol and 2 one acetic acid, Oa in a mixture of 3 cm 

stirring at room temperature the solution was changed fron 

light yellow to violet, and a violet precipitate formed 

after ten minutes. The precipitate was filtered off and 

dried in a vacuum desiccator. Yield 0.2 gs. 

{round C, 11.81; H, 2.18; N, 6.736; TeS,Cyigi¢ly requires 

©, 11.515 8, 1.93; N, 6.70 ¢ 7 

2.2.3.2 Telluriumtetrabromide, 

A solution of 0,075 g. (065 mmol.) of MegDHp in a 

3 methanol and 3 one acetic acid was added mixture of 2 en 

to a solution of 0.447 g. (1 mmol.) of telluriumtetrabronide 

ina mixture of 3 en? methanol and 2 cm> acetic acid, On 

Stirring for ten minutes at room temperature the solution 

changed from yellow to dark red and a rust coloured precip- 

itate formed. The product was filtered off and dried in



- 36 = 

vacuum desiccator. Yield 0.24 g, 

[Found C, 8.06; H, 1.36; N, 4470: TeS,C,HgN .Bry requires 

C, 8.485 H, 1.60; N, 4.54 4] 

as 
2.204 Reaction of NNN N  Tetracthyidithio- 

oxamide with diaryltelluriumdichloride. 

All reactions failed to give crystalline precipitates. 

2.2.4.1 Bis-p-methoxyphenyltelluriumdichloride, 
  

eae: 

0.232 g. (1 mmol.) of NNN N tetraethyldithio-oxamide 

3 of dry methanol was added to a solution of 0.414 ¢. 

3 

in 5 cm 

(1 mmol.) bis-p-methoxyphenyltelluriumdichloride in 5 em 

of dry methanol. A yellow colour is always produced by 

reaction of aryltelluriuntrihalide with mn wt tetraethyl- 

dithio-oxamide but after stirring this solution, the yellow 

colour was not produced, immediately, or after two weeks 

in a refrigerator, The solution was distilled under vacuum 

to give a white precipitate (m.p. 178°C) which was identified 
36 

as bis-p-methoxyphenyltelluriumdichloride m.p. 180°C. aa 

2.2.4.2 Bis-p-ethoxyphenyltelluriumdichloride. 

The reaction of bis-=p-ethoxyphenyltelluriundichloride 
Bre 

with NNN N tetraethyldithio-oxamide failed to produce a 

complex which could be isolated.
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243 RESULTS 

2.3501 Synthesis. 

4a ae 
NNN N Tetraethyldithio-oxamide and NNN N Tetramethyl- 

dithio-oxamide complexes were prepared by dissolving tedto 

or tmdto in a suitable dry solvent such as methanol or 

n=butanol, and then adding this solution to the tellurium 

compounds dissolved in elther methanol or n-butanol, 

NN Dimethyldithio-oxamide complexes were prepared by 

dissolving Me 5DHy in a mixture of methanol and acetic acid 

and then adding this solution to the tellurium compounds 

dissolved in a mixture of methanol and acetic acid. The 

solvent used depended on the tellurium compound and those 

giving the best experimental conditions are recorded in the 

experimental sectione 

2.3.2 Conductivity Measurements, 

The molar conductivity of tellurium (IV) complexes in 

Dif and nitromethane are shown in table 2-1 and 2-3, 

2edede U.V. and visible spectra, 

The complexes are slightly soluble in dimethylformamide 

solution and all show strong absorptions at 35.7 kK and 

36.36 kK.
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20304 Tellurium Analysis. 

Samples were analysed for tellurium content by 

decomposition of the samples using the oxygen flask 

technique followed by atomic absorption of the solutions 

Produced using a Perkin-Elmer 303 instrument (see Appendix II) 

The tellurium content of each complex is recorded in the 

experimental section. 

1 
25365 H nmr. spectra 

There is no suitable solvent for tellurium (IV) 

complexes which would enable investigation of the compounds 

by ‘i Nem.r. However, the reactions of the two compounds, 

Bis-p-=anisyl and Bis-p-penetyltelluriumdichloride, with 
ff 

NNN N tetraethyldithio-oxanide were investigated and the 

reaction products examined by'H emer. 

24306 Mass spectra 

The mass spectra of tetraethyldithio-oxamide, 

tetramethyldithio-oxamide and its telluriun complexes are 

tabulated as follows ; 

Table 2-8 Tetraethyldithio-oxamide 

Table 2-9 CEH, TeX, tedto and P-BregH,TeBr,tedto 

Table 2-10 P-CH, CoH, TeCl ,tedto and p-CH, Cel, Tebr tedto 
3 

tedto and P-CoH SCgH jTeCl jtedto 
b =) 2 Table 2-11 p CoH OCeH ,TeC1 5 3 

Table 2-12 Tetramothyldithio-oxamide 

Table 2-13 PCH, OC 6H ,Tex indto and PCH CH, TeCl,tmato
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20307 Vibrational spectra 

The bands of the infrared spectra for tellurium (TV) 

-1 
complexes above 400 em are tabulated as follows; 

Table 2-1 Tetraethyldithio-oxamide and its tellurium 

complexes. 

Table 2-3 Tetramethyldithio-oxamide and its telluriun 

complexes. 

Table 2-5 Dimethyldithio-oxamide and its tellurium 

complexes. 

Table 2-7 Aryltelluriumtrihalides and its complexes, 

The spectra are also reproduced in ¢ 

Fig. 2-3 CH oTeCl,, tedto and CeHeTecl , tedto 

Fig. 2-4 Ogu,TeBr,, tmdto and Cg TeBr tmato 

Fig. 2<5 tmdto, TeClytmdto and TeBr ,tndto 

Fig. 2-6 Me DH, Te(Me,DH,)C1, and Te (Me DH, ) Bry 

The bands of the i.r. and Raman spectra at low frequency 

-1 
(below 400 cm ~) for all complexes are tabulated as follows; 

Table 2-2 Tetraethyldithio-oxamide and its tellurium 

complexes, 

Table 2.4 Tetramethyldithio-oxamide and its tellurium 

complexes, 

Table 2-6 Dimethyldithio-oxamide and its tellurium 

complexes,
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but the ier. spectra of some complexes are reproduced iny 

Pige 2-7 Tetraethyldithio-oxamide and its telluriun 

conplexes. 

Fig, 2-8 Tetramethyldithio-oxamide and tellurium 

tetrahalides complexes. 

Fig. 2-9 Tetramethyldithio-oxamide and its telluriun 

complexes, 

Fig. 2-10 Dimethyldithio-oxamide and its telluriun 

complexes, 

and also the Raman spectra of some complexes are reproduced 

in: 

Figs 2.11 Cel, TeX ,tedto 

Flg. 2-12 TeX, tadto 

Fig, 2-13 p-C,H OCEH TeCl,tmdto 
5 4 3



TABLE 2-1 

e422 

I.r. spectra 
  

  

  

Soa y(CN) | V(CS) | Agu | Ayitromethane 

Tetraethyldithio-oxamide 1500s 872m 

Phenyl telluriumtrichloride 1550s 86 3m 29 32 

complex 1510s 

Phenyltelluriumtribromide 1540s 860m 42 48 

complex 1510s 

p-Tolyltelluriumtrichloride| 1546s 861m 26 35 

complex 1510s 

p-Tolyltelluriumtribromide 1546s 862m 32 52 

complex 1510s 

p-Phenoxyphenyltellurium- 15378 862m 29 | a5 

trichloride complex 1510s | 

| 

p-Phenoxyphenyltellurium— 1540s 860m 48 43 

tribromide complex 1510s 845m 

p-Thiophenoxyphenyltellu- 1540s 859m 27 33 

riumtrichloride complex 1510s 

p-Thiophenoxyphenyltellu- 1540s 858m 39 43 

riumtribromide complex 1510s 

p-Bromophenyltelluriumtri- 1548s 800m 38 45 

bromide complex 15158           
  

a. The more important bands in om 
1 

b. om’. ohm, mole. 10724 solution at 20°C.
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TABLE 2-2 

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide 

trihalo complexes below 410 om. 
a 

  

  

  

  

  

  

  

  

  

          

tedto Cer, Teci tedto CoH, TeBr,tedto 

Assignment 
i.r. Reman i.r. Raman i.r. Raman 

ay by oy 

4058 405w 402m } 

365m ) 
)ligand vibration 

344m 350w } 

293m 297w 297W ) 

276wsh combination band 

289m 2858 ) 
) y (Te-c1) 

260s 263m ) 

237ssh 244msh 249vs 249w ) 

) 
237 ) 

) yp (Te-S) 
225vs 221w 217vs ) 

) 
203vs ) 

196s 185m 186msh 177wsh ligand vibration 

189vs ) 

) yy (fe-Br) 
165vs  159vs ) 

154w 144w 155w 157 ligand vibration 

118w S (Te-Br) ? 

   



Table 2-2..6. 

Infrared and Raman spectra of tellurium tetraethyldithio—oxamide 

WAS 

trihalo complexes below 410 cm. 
1 

  

tedto 

  

  

  

  

  

  

  

  

  

        

z P-Brd-H,TeBrtedto 

i.r. Raman ier. Raman pee 
ay AY 

405s 404w } 

365m sent vibration 

344m 350w ) 

303m fe-C bending mode™ 

293m 293w ligand vibration 

280m 276vw combination band 

252ssh ) 

) y (te-8) 
241m ) 

| 1968 185m ligand vibration 

184vs 187s ) 
) y (Te-Br) 

164vs 161s ) 

154w 144wW ligand vibration 

143m od (Te-S) 

1087 S (Te-Br) ?   
  

ma strong band found at 312 om 1 
for p-iodoanisole and the band 

= 56 
at 309 cm = in p-fluoroiodobenzene is said to involve C~I bending.



Table 2-2.. 

ad 

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide 

trihalo complexes below 410 cm 

  

tedto pCHe 64, TeCl tedto p-CH,C cH, TeBr,tedto 

  

  

  

  

    
  

  

  

  

  

  

          

4 a) 4 3 

deh. Raman Aers Raman ders Raman eee eamen 

4058 404w 402m ) 

365m 36300 380m } ligand vibration 

344m 350w } 

cee 305w 302w Te-C bending mode * 

293m 293w ligand vibration | 

2T6w [ combination band | 

2808 276vs 1) | 
|) Y (te-c1) 

260vs 2 | 

242vs 237msh 246m \) 

229ssh I} y (fe-s) 

220vs 217w 

205vs ) 

1968 185m | ligand vibration 

1868 1838 |) 

172s 1738 } ) (Te-Br ) 

157vs } 

154w 144w ce ligand vibration 

142m 145msh ) 
) J (fe-S or f (Te-c1 ) 

133” |) 

106 i Sf (te-Br)?   
  

* A strong band found at 312 om 

at 309 ce 

1 
for p-iodoanisole and the band 

56 
in p-fluoroiodobenzene is said to involve C-I bending.



Se 

Table 2-2.... 

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide 

trihalo complexes below 410 imate 

  

  

  

  

  

  

  

  

  

  

  

tedto P-C¢H, OC -H,Tecl 3tedto P-C¢H, OC GH, TeBr.tedto 

i.r. Raman i.r. Raman i.r. Raman Ase eons 
av ay av 

4058 405w 403W } | 

365m ee vibration 

| 
344m 350w 353m 351w ) | 

313m 308w fe-C bending mode] 

293m 293 286w =. 279.w ligand vibration | 
[Bee eee ee eee ae _ 4 

278ve 277v8 | 
) y (fe-c1) 

262msh 2568 | ) 

252m i) | 
) 

24lvs 236msh 246w 243W ) y (®e-s) 

) 
2098 207W ) 

196s 185m 198m ) 
)ligand vibration 

178 ) 

178vs 173vs ) 

) y (te~Br) 
160msh 157vs 

154w 144W ligand vibration 

42a i145aeh ) S (Te-S) or 

133W AS 7wah ie) Gi ear 4)             
* ue! 

A strong band found at 312 om . for p-iodoanisole and the band 

rs 56 
at 309 om i in p-fluoroiodobenzene is said to involve C-I bending -



Table 2-2... 

= 46.4 

Infrared and Raman spectra of tellurium tetraethyldithio—oxamide 

trihalo complexes below 410 cm. 
1 

  

  

  

    

  

  

  

  

  

  

      

tedto P-CcH,SCcH,TeCl ,tedto P-CcH,SC EH, TeBr,tedto 

i.r. Raman i.r. Raman i.r. Raman poetenmet 
av ay ay 

4058 406w 405w 

365m 382vw —— vibration 

344m 350" ) 

3168 3170 313m fect ‘bending mods | 

293m 293W 301w 287W ligend vibration | 

273 combination band 
= 1 

276s 272vs ) j 

) Y(Te-c1) 
255s8sh 253vs ) 

252m ) 

) Y(te-s) | 
23lvs 230ssh 246m 242w ) | 

1968 185m 190m ) 
)ligand vibration 

177m 179W ) 
1938 194wsh ) 

) 
1858 1758 y (fe-Br ) 

1558sh 161s ) 

154w 144W ligand vibration 

aoe ) ¢(Te-S) or 
sie } g (te-ci)         
  

ek strong band found at 312 on) for p-iodoanisole and the band 

at 309 cnet in p-fluoroiodobenzene is said to involve C-I bending- 
56
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TABLE 2-3 

  

  

  

I.r. spectra 3 

. b 

Goppounee UACH)T 1KCS): A tap” | Nnitromathane 

Tetramethyldithio-oxamide 15288 828m 

Tellurium(IV) chloride 15828 821m 43 39 

complex 1545s 

fellurium(IV) bromide 1580s 810a 122 16 

complex 15538 

Phenyltelluriumtrichloride 15708 817m aD: 35 

complex 1530s 

Phenyltelluriumtribromide 15658 816m 48 45 

complex 1530s 

p-Tolyltelluriumtrichloride 1570s 820m 32 33 

complex 1530s 

p-Tolyltelluriumtri bromide 1565s 818m 48 43 

complex 1530s 

p-Methoxyphenyltellurium— 1575s 8200 33 34 

trichloride complex 1535s 

p-Methoxyphenyltellurium— 1565s 818m 48 53 

tribromide complex 1535s 

p-Ethoxyphenyltellurium- 1565s 814 31 34 

trichloride complex 1535s 

p-Ethoxyphenyltelluriun— 1565s. 817 43 36 

tribromide complex 1530s 

p-Phenoxyphenyltellurium- 1570s 820m 30 32 

trichloride complex 15408 

p-Phenoxyphonylteliurium— 15688 820n 50 39 

tribromide complex 15358 

p-Thiophenoxyphenyltell- 15668 817m 27 26 

uriumtrichloride complex 15308           
  

a. The more important bands in cm 

B. ome. ohm. mole™ aioe 3, 

1 

“M solution at 20°C



Infrared 
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TABLE 2-4 

and Raman spectra of tellurium tetramethyldithio-oxamide 

tetrahalo complexes below 410 cm iF 

  

  

  

  

  

  

  

    

tmdto TeC1, tmato TeBr, tmdto 

i.r. ee i.r. Ben i.r. Bene ct 

380m 377 360m = 372" 378m ) 

346m 345m 342m ‘ed vibration 

3068 31llw ; 

2778 273m y (te-c1) 

236vs 235w 254m 252w y (fe-S) 

187m 179" 182m  180w ligand vibration 

187vs 1778 ) 

158m 153vs } a tea 

146w 133vw 145vw 133wsh 144msh ligand vibration         
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Table 2-4.... 

Infrared and Raman spectra of tellurium tetramethyldithio—oxamide 

trihalo complexes below 400 on), 

  

  

  

  

  

  

  

  

  

  

    

tmdto CH, TeC1 ,tmato CoH TeBr,tmdto 

ier. Raman i.r. Raman ier. Raman | 488ignment ay ay av 

380m 377w 380m 377 380m 381vw |) 
)ligand vibration 346mw ) 

332w * 
)fe-C bending mode 

320w 

3068 31lw ligand vibration 

2838 281s ) 

) y (Te~c1) 264m 2678 ) 

235m = 232w 250n = 250m _—|) 
) y (Te-s) 

215m ) 

187m 179w 186m 178w ligand vibration 

176vs 171s |) 

) y (Te-Br) 
157msh 159vs |) 

146w 133vw 145vw 133w 145msh 132w ligand vibration 

1l6éw ‘§ (te-Br) =         

a strong band found at 312 on! for p-iodoanisole and the band 

56 
at 309 ome in p-fluoroiodobenzene is said to involve C-I bending . 

 



Table 2-4.... 
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Infrared and Raman spectra of tellurium tetramethyldithio-oxamide 

  

  

  

  

  

  

  

  

  

  

          

trihalo complexes below 400 om ty 

tmdto p-CH,C¢H, TeC1 ,tmdto p-CH,C¢H, TeBr,tmdto 

i.r. Raman i.r. Raman ier. Raman Besseumen 
av a ay 

380m 377¥ 380m = 377" 3750 374vW 
)ligand vibration 

346m 
* 

333m 320w Te-C bending mode 

306s 31llw 303wsh ligand vibration 

2768 273m ) 
) — y) (fe-c1) 

2628 © 259m ) 

234vs 235w 260w ) 

) y (Te-S) 
2088 1977 2238 219w 

187m 179w 180w 177W ligand vibration 

176s 1778 ) 
)  y (fe-Br 

155vww 157vs ) 

162w 159w unassigned 

146m 133vw 140vw 133w 143w 132w ligand vibration 

  

* = 
A strong band found at 312 om 

at 309 on! in p-fluoriodobenzene is said to involve C-I bending. 

1 
for p-iodoanisole and the band 

56 

 



Table 2-4.... 

waBL 

Infrared and Raman spectra of tellurium tetramethyldithio—oxamide 

trihalo complexes below 400 cm. 
1 

  

  

  

  

  

  

  

  

  

    

tmdto P-CH,0C-H TeCl ,tmdto P-CH,0C(H,TeBr,tmdto 

i.r. Raman i.r. Raman i.r. Raman Se eee 
a ay ay 

380m 377w 382m = 3:78 383m 377W 
)ligand vibration 

346mw 

335" 339W 330m Te~C bending mode 
3068 31lw 303W ligand vibration 

276m) = 277m y (Te-c1) 

236vs 230w 221m 233w y (Te-s ) 

187m 1797 185m = =179w ligand vibration 

188vs 185s ) 
) ))(Te-Br) 

167m ) 

146w 133vw 143w 133vw 1457 132w ligand vibration       
  

* S 
A strong band found at 312 om Z for p-iodoanisole and the band 

at 309 om in P-fluoroiodobenzene is said to involve (-I bending. 
56 
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Infrared and Raman spectra of tellurium tetramethyldithio-oxamide 

trihalo complexes below 400 om. 
1 

  

  

  

  

  

  

  

  

  

  

          
  

tmdto p~C>H,OC EH, TeCl 3tadto P-C>H,OC eH TeBr, 

i.r. Raman ier. Raman i.r. Raman pes enn er 
ay Ay ay 

380m 377w 380m = 375 381m ) 
)ligand vibration 

346mw ) 

331m 331% } Te-C bending * 

327m 3220 329w je Paste! 

306s 311w ligand vibration 

273vs 276vs } 
y (fe-C1 ) 

255vs 2558 ) 

23lvs 232m 251m 241w } 

y(Te-s) 
210vs ) 

187m 179w 183w 178w ligand vibration 

182vs 178s Y (Te-Br) 

160w 157wsh unassigned 

146w 133 140W = 133W 1457 133W ligand vibration 

* 

at 309 om! 

A strong band found at 312 on} for p-iodoanisole and the band 
56 

in p-fluoroiodobenzene is said to involve C-I bending. 

 



Table 2-4.... 
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Infrared and Raman spectra of tellurium tetramethyldithio-oxamide 

trihalo complexes below 400 cm. ey 

  

  

  

  

  

  

  

  

  

    

tmdto P-CHLOC eH TeCl ,tmato P-C¢H, OC 5H, TeBr,tmdto 

i.r. Raman ier. Raman i.r. Raman moet enmeny 
Ay ay ay 

380m 377 392m 384 361m ) 
)ligand vibration 

346mW ) 

335m 332" 331" } Te-C bending ™ 
315w ) mode 

306s 3llw ligand vibration 

2788 272ve ) 
) y (Te-c1) 

2648 ) 

235vs 237W 240msh 240w J 

} (nes) 
205m 

187m 179w 181m 178w ligand vibration 

180vs 178msh y (Te-Br) 

146w 133vs 140w 133W 1457 132w ligand vibration       
  

* a 
A strng band found at 312 om 1 for p-iodoanisole and the band 

at 309 ont in p-fluoroiodobenzene is said to involve C-I bending. 
56 
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Table 2-4.... 

Infrared and Raman spectra of tellurium tetramethyldithio—oxamide 

trihalo complexes below 400 cm™-. 

  

  

  

  

  

  

  

    

tmdto P-O-H-SC GH TeCl ,tmdto 

i.r. Raman i.r. Raman Assignment 
ay ‘Ay 

380m 377w 380m = 371w 
)ligand vibration 

346mw ) 

330W Te-C bending mode © 

3068 311lw ligand vibration 

283m 2738 } 

y (Te-c1) 
261m 259 ) 

236vs 235 y (e-s) 

187m 1797 186m 180w 
)ligand vibration 

146w 133vw 145w 133w         

* = 
A strong band found at 312 om : for p-iodoanisole and the band 

56 
at 309 oar in p-fluoroiedobenzene is said to involve C-I bending.
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TABLE 2-5 

Ce 

The infrared spectra of NN dimethyldithio-oxamide and its complexes with 

TeCl, and TeBry between 500-3300 om 2, the more important bands. 

  

  

  

  

  

  

      

Dimethyldithio-oxamide 
(ue 02, ) Te (Me DH, )el, Te (Me DH, )Bry Assignment 

6908 675m 690m & (NH) 

868s 841vs 850m , 
) (es) 

905w 872vs \ 

1005s8h ) 
) 

1020s 1010vs 1020vs ) Thioamide II 
) 

1060m 1090vs ) 

1160m 1155m 1160w ) 
) V(c,u) 

1236m 1225 ) 

13508 1350m 13558 ) 
) Thioamide IT 

1395vs 13808 ) 

15308 1548vs 1540vs )) 
) y (cn) 

1570msh 15778sh ) 

31808 32008 3180m y (NH)          



eee 

TABLE 2-6 

¢ 
The infrared and Raman spectra of NN dimethyldithio—oxamide complexes 

of tellurium tetrahalides below 310 cm. 
a 

  

  

  

  

  

  

  

  

        

Dimethyldithio-oxamide 
(ate ,DE, ) Te (Me,DH, )e1, Te (Me,DE,, )Bry Assignment 

i.r. See i.r. i.r. 
4 

938 98m 95m } 

149" 157m 151msh 150m ) 
ligand vibration 

185m 175wsh 183m } 

) 
193m ) 

190vs y (fe-Br) 

216m 209wshi 215msh ligand vibration 

2028 ) 
) Y (te-s) 

2358 252m ) 

270m y (te~c1) 

290m 293W 280m ligand vibration 

310m 302m Y (te-n)     
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TABLE 2-7 

I.r. and Raman spectra of 

Aryltelluriumtrihalides and its complexes. 

  

  

  

  

  

  

  

  

  

  

    

(Te-Cl ) (Te-Br ) 

i.r, Raman i.r. Raman 
om~L ay om7_ ay 

PhTex, 3378 342s 213s 210s 

317sh 318m 198m 198vs 

3068 303m 

PhTeX,tmdto 2838 281s 176vs 171s 

264m 2678 157msh 159vs 

p-MeC,H, Tex, 3368 3418 220ms 219m 

318s8h 316w 204vs 199vs 

3048 303W 

p-MeC¢H, TeX, tmdto 2768 273m 176s 1778 

262s 259m 155vw 157vs 

p-Me0C(H, Tex, 3238 329s 213s 209m 

301m 192ms 

2958 298m 

p-MeOC (H, TeX, tmato 276m 277m 188vs 185s 

167m 

P-EtOC(H, Tex, 3348 3308 218s 216s 

3268 327s 206vs 

318s 194vs 192wn 

2988 305m 

p-EtOC,H, TeX, tmato 273v8 276vs 182vs 178s 

255vs 2558 

P-PhOC¢H, Tex, 334s 3398 224m 2248 

320s 315ms 2lls 204vs 

31lls 194s 190s 

P-PhOC;H, TeX, tmdto 2788 272vs 180vs 178msh 

2648     
  

Where tmdto = tetramethyldithio-oxamide 

  

 



= 8606 

  

  

  

TABLE 2-8 

Mass spectrum of wa w Tetraethyldithio—oxamide. 

n/e Relative ee vor 

$s 
232 35 C (CoH, )o-N-C-C-N- (CoH, yea 

203 54 [(cgiig) rt-6--n-c, He)” 

177.6 merante his 

168 5 C(C,H, )o-w-6-6)" 

146 11 - 

144 2 C (CoH, o-N--(05H Jo)” 

116 46 C(CoH, )p-N-OmS]* 

115 4 C (CoH, )o-N-N-CoH., Hee 

114 41 . 

13 19 - 

98 29 . 

88 49 [s=c-c=s]* 

86 14 2 

14 14 os 

72 51 C(CoH,)9-NI* 

66.8 metastable 

60 51 ea 

58 13 C(CoHs)o]* 

56 60 = 

56 22 = 

44 17 Ce#s]* 

43 22 a 

42 24 

32 1 8 

29 100 CoH,” 

28 66 Ny 

eT 46 =     
   



Mass spectra of CgH, 
2 
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TABLE 2-9 

Tex, 

130, 

tedto and Bro,H ‘4 3 
TebBr,tedto — Relative to 

  

  

  

Te, 35e1, 195, 

CH. TeCl ,tedto CH. TeBrtedto P-BrC¢H,TeBr,tedto 

n/e R.A. (%) m/e R.A. (%) n/e R.A. (4) 

412 1 

312 2 312 2 

283 15 282 6 311 i 

281 15 280 2 234 5 

279 ag 

232 65 232 64 232 60 

218 29 205 7 204 1 

203 15 203 71 203 5 

200 13 200 12 200 14 

186 31 188 2 

177-6 metastable 177.6 metastable 117-6 metastable 

168 14 168 14 168 12 

160 1 160 6 160 6 

154 49 154 19 

146 14 146 15 146 Ly. 

139 10 139 9 139 10 

129 43 129 31 129 40 

128 11 128 9 128 12 

116 59 116 11 116 62 

114 82 114 64 114 80 

113 73 113 60 113 73 

110 37 110 31 110 30     
pena 
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CH, Tel ,tedto OcH. Tebrtedto P-BrC¢H,TeBr,tedto 

n/e R.A. (£) n/e RA. (%) n/e R.A. (4) 

98 100 98 84 98 roo 

8& BD 88 62 88 59 

86 19 86 22 86 23 

84 15 84 4 84) 27 

17 51 UT 29 q7 20 

12 90 72 100 72 80 

66.8 metastable 66.8 metastable 66.8 metastable 

60 49 60 62 60 57 

56 90 56 89 56 93) 

44 14 44 17 44 Ly, 

42 35 42 36 42 39 

36 45 

32 US 32 10 He 2D. 

29 76 29 80 29 87 

28 98 28 69 28 13 

27 45 27 47 27 48     
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TABLE 2-10 

Mass spectra of p-CH,C¢H TeX, tedto - Relative to 1306, 1, 19 pp, 

P-CH,C(H,TeC1 ,tedto P-CHC(HTeBr,tedto 

m/e R.A. (%) m/e R.A. (4) 

438 1 

343 1 

312 3 312 9 

310 3 310 9 

246 2 246 13 

232 33 232 59 

214 12 214 63 

203 33 203 62 

200 24 200 15 

183 6 182 27 

17726 metastable 177.6 metastable 

168 12 168 12 

160 > 167 10 

146 7 146 13 

139 8 139 6 

129 40 129 32 

128 8 128 9 

124 10 124 40 

123 8 123 29 

116 34 116 5T 

114 78 114 63 

113 72 a3) 57 

98 100 98 19 

92 40 92 13 

91 100 

88 31 88 54 

86 17 86 hi 

19 13 

78 6 

ee 13 qT 13 

He: 50 72 v 

70 17 70 14    



- 62 - 

Table 2-10..... 

  

  

  

P-CH,C¢H,TeCl ,tedto P-CH,C(H, TeBr,tedto 

m/e R.A. (%) m/e R.A. (4) 

66.8 metastable 66.8 metastable 

60 33 60 52 

56 88 56 19 

51 13 51 13 

44 14 44 14 

42 40 42 33 

41 13 41 29 

36 59 

3D 8 

32 45 32 6 

29 68 29 70 

28 86 28 68 

27 45 27 43   
   



Mass spectra of Aryltelluriumtrichloride tedto - Relative 

Riese 

TABLE 2-11 

130%, 351. 
  

  

  

PO; HOC -H, TeCl ,tedto p-CcH_SC(H,TeCl,tedto 

n/e R.A. (%) m/e R.A. (%) 

232 28 232 24 

203 30 203 25 

199 12 

177-6 metastable 177.6 metastable 

168 Le 168 13 

146 ui 146 8 

129 33 129 37 

128 1 128 3 

116 32 116 27 

114 66 114 73 

TLS 60 133 Was 

98 84 98 100 

88 31 88 25 

86 16 86 19 

84 14 84 20 

el 6 oe 6 

72 47 72 51 

70 LS 70 29 

68 12 68 16 

66.8 metastable 66.8 metastable 

60 29 60 25 

56 100 56 14 

54 12 54 15 

44 12 44 12 

42 36 42 35 

41 28 41 26 

36 19 36 14 

32 7 32 8 

29 60 29 53 

28 72 28 78 

27 38 27 35      



z 

a eh 
TABLE 2-12 

¢ 
Mass spectra of NNN N Tetramethyldithio-oxamide. 

  

  

  

n/e Relative Abundance hone 

176 22 C (CH, ),-N-C-C-N-(CH, ) 5] 

ss a + 
161 39 B (cH, )y-N-C-C-N-CH 3] 

147.3 metastable 

133 ae - 

Pane 
132 16 C(cu, )o-N-C-C] 

112 14 < 

100 34 a 

97 62 = 

90 20 a 

89 23 = 

88 64 [(CH,)9-N-OnS]* or [(CH,),-N-N-(cH,),]* 

85 16 ie 

16 28 es 

+ 
73 62 C (CH, ),-N-N-CH, J 

12 20 5 

58 19 = 

+ 
56 72 [(cH,)p-"-c] 

+, 44 13 C(cH,)-NJ 

32 5 s 

28 32 Ny 

15 100 chew       
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TABLE 2-13 

Mass spectra of Aryltelluriumtrihalide tmdto -— Relative to 

1309, 35q1, 19 5p, 

  

  

  

P-CH,0C-H, TeCl ,tmdto p-CH,0C(H, TeBr,tmdto p-CH C,H, TeCl 3tmdto 

n/e R.A. (%) m/e R.A. (%) n/e RA. (%) 

345 3 345 

343 343 

312 T 

310 6 

246 4 246 2D 

238 4 237 2 

234 3 235 4 

214 8 215 3 218 4 

214 10 

200 9 199 4 199 2 

182 25 

176 85 176 60 176 54 

161 12 161 ¥ 161 7 

147.3 metastable 147.3 metastable 147.6 metastable 

139 2 139 3 

133 5 133 4 133 4 

132 5 132 4 132 3 

129 12 129 11 129 13 

122 4 125 2 124 5 

112 4 112 8 112 13 

107 3 107 2 

100 5 100 8 100 5 

98 2 97 8 97 16 

88 100 88 100 88 100 

‘80 3 

17 5 11 4 17 3 
%3 10 13 23 13 11 

56 8 56 22 56 17 

44 15 44 45 44 41 

36 25 36 16 

32 3 32 6 32 T 

28 15 28 33° 28 46 

18 26 18 37 

15 y 15 39 15 24     
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204 DISCUSSION 

2.4.1 Synthesis, 

The pale yellow, yellow and yellow-orange chloro and 

brono complexes were produced by the reaction of tellurium(TV) 

halides and aryltellurium trihalides with ant tetraethyl- 

dithio-oxanide or nw Ww tetramethyldithio-oxamide are 

listed in tables 2-1,2-3, All the complexes have a telluriun 

to ligand ratio of 1:1 and are of fornula TeX,tnato, ArTex,tmato 

and ArTeXztedto where tndto = ne it fete 16 thyldithio-oxanide, 

tedto «= wont wt tetraethyldithio-oxamide, Ar = Ph, p-tolyl, 

P-GH,0C Hy, P-CoHSOCeH ys P-PhOCeily, P-PaScgiy, P= Brg lig and 

X = Cl or Br. The violet and rusty red chloro and brono 

conplexes were produced by the reaction of tolluriun(T) 

halides with mt dimethyldithio-oxamide are listed in the 

experimental part. These have a tellurium to ligand ratio of 

1:1 and are of formula Te(Me,DI,)X, where X = Cl or Br aad 

Me,DH, = WN dincthyldithio-oxanide. 

2.4.2 U.V. and visible spectra 

Dilute solution (5 x 1074 M concentration) of tedto 

complexes and tmdto conplexes in dimethylformamide solution 

all show one strong absorption at 35.7 kK and 35.36 EK 

respectively in contrast to those reported for dicthyl- 

dithlocarbonate complexes of tellurium(I1) and (DV) i.o. 
45 

Te(dte), and Te(dtc), 7 which ase. nore complex in showing 

three bands but the main band position is in the same region 

of the spectra.
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2.4.3 Conductivity Measurements. 

3 Molar solution of telluriun(Iy) The conductivity of 107 

conplexes in dimethylformamide and nitromethane are shown ia 

tables 2-1 and 2-3, Aryltelluriumtrihalides with tetranethyl- 

dithio-oxamide complexes had values of A at 20°C 

(26-48) em?, ohn7+, nole7+ana telluriumtetrahalides and aryl- 

telluriumtrihalides with tetrame thyldithio-oxamide had values 

of f\ at 20°C (27-122) On’ .ohn 7 .mole*-. In dimethylforma nide 

and nitromethane solutions the compounds are ionised,. {Whilst 

the /\ values are lower than normally encountered for 1;1 

electrolysis in those solvents 46 but too high to be 

assumed as non-electrolytes, These cationic specics are 

Presumably similar to telluronium cations (R,te)*. The 

species (ArTex,)* will have one lone pair and three bond 

Pairs, Two additional lone pairs fron two sulphur donor 

atoms donated by one dithio-oxamide ligand will nate up a 

total of one lone pair and five bond pairs. The basic 

shape of this cation will then be ‘py octahedral, and thus 

@ square pyramid shape for (ArLTex, )" @here L = wen af tetra- 
ere 

mothyldithio-oxamide or NNN ¥ tetraethyldithio-oxamide) nay 

be predicted,



204.4 Mass spectra 

The mass spectra of telluriumtetrahalide, and 

aryltelluriumtrihalide complexes are shown in tables 2-3 to 

2-13, Most complexes give identical lonic nass charge ratios 

to tetraethyldithio-oxamide and tetramethyldithio-oxanide, 

In general the tetraethyldithio-oxamide and tetranmethyl- 

dithio-oxamide ligands are decomposed nore easily than the 

telluriumtetrahalide and aryltelluriumtrihalide complexes. 

This suggests that the tellurium-sulphur bond is weaker 

than tellurium-chloride and tellurium-bronide bonds, 

Fragmentation patterns of tetracthyldithio-oxamide, 

tetramethyldithio-oxamide, the complexes, CeHoTecl,tedto 

and CHAOC EH, TeCl ,tadto are given here as examples. 

MeWhinnie and Thavornyutikarna 33 Suggest that some 

aryltelluriumtrihalides aust be dimers or trimers, ‘There 

were two main reasons for this suggestion; the first was 

that the ions observed were at a higher mass charge ratio 

that the monomer molecule; and the second was the observation 

of ditelluride ions. These ions could only occur fron the 

dimer or the trimer molecules (not from the monomer molecule) 

by breaking the tellurium=halogen bonds and forming telluriuna- 

tellurium bonds, 

2.4.5 Vibrational spectra 

The infrared spectra of all conplexes above 400 om 

are discussed below,



An illustrated example of the fragmentation pattern 

as shown by tetraethyldithio-oxamide (tedto). 

+ + 
ae oe ok =s It - WN - c=s (conn), = - 8 Cot) aan ; Calts)o - i ¢ 

144 C=8) | CH - = C=8 
29 203 

se] 

c=s 
AA 

( + + 
CoH -~N-"N-cH Cu) = t= ces 

[(o2,), 115 os] fats? i 

  

| | 160 = 

locas is) ol fe a \ ((czit,)» ai 

oe. $ 

5 

The nass charge ratio fons observed fron the spectra are 

indicated by the figures.
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An illustrated exanple of the fragmentation pattern 

as shorn by Cobo eci tedto 

i + 
C Co) morztostor, reo w(i 0 > seetsteto), +20 

(ete 1) \y-rects)a” + tedto 

C0 pe mee? fe 

Qn" 
284 

aN Goa 2 a, 

Where tedto = tetraethyldithio-oxanide 

The mass charge ratio ions observed from the spectrum are 

indicated by the figures.



An illustrated example of the fragnentation pattern 

as shown by tetramethyldithio-oxamide (tndto). 

  

be a* 

CH.), - N = G=s CH), - N - C=3 
: 30 | +e oa | | + 2e 
(cH_) - N = C=s (cu,), - N = Css 

176 | 

a . + 

[con,)0 -N-N- (ort) 4| + i fete a 

88 c=s cH, -N- 
e 

83 161 

o=s | 

44 
. + 

(cts), -N-N- ons] (awe Bas | 

| 15 | c=) 
132 

+ 1 * 
[(ct;), -N- x] [ccit,), -H- =| 

58 Of 

“ for)» - ‘i : 

44 

+> 

(oH, ) 4] +3, 

0 28 

The mass charge ratio ions observed from the spectra are 

indicated by the figure.
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An illustrated exanple of the fragnentation pattern 

as show by PHCHs OCG HyTeCLstndto 

. 
(otj0 O )pavetgtatto)ge os (argo © yreorztase), 426 

Te 
(cH,0 Oo MeCl,),, + tndto 

“Or@> 

    
Where tndto = tetramethyldithio-oxamide 

The mass charge ratio ions observed from the spectra are 

indicated by the figures.
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2.4.5.1 NNN N Tetraethyldithio-oxamide complexes of 

Tellurium(Ty) 

The most important bands in the infrared spoctra above 

doo oni ake Die tad, tnitavle at He dere spectrum of 

Pphenyltelluriumtrichloride, tetraethyldithio-»oxamide and 

Pheayltelluriumtrichloride complex, are shown in Fig. 2-5 

Certain important differences between the spectra of 

ligand and the complex may be noted, For exaxzple, the 

bands at 1500 and 872 oan in the ligand which have been 

assigned to Y(CN)and Y(CS) are shifted to higher and 

lower wavenumbers respectively on complex formation. The 

latter band is believed BY to be due predoninately to the 

C = § stretching mode and co-ordination through sulphur will 

produce such an effect. The band at 150) ene is shifted 

to 1550-1510 cn! and the band at 872 en! is shifted to 

863-800 cm + in the complexes. ‘The band at 1500 ent a 

is thought to be due mainly to a C= stretching mode and 

its shift to a higher frequency would be expected if 

co-ordination is through the sulphur atons of the thiocarbonyl 

Groups. 

Fok 

2.4.5.2 NNN N Tetranethyldithio-oxamide conplexes of 

Tellurium(Iy) 

  

The infrared bands which arise froa Y(CH) ana y(cs) 

in the ligand and complexes are listed in table 2-3 Fig, 2-4 

shows the ier. spectrum of phenyltelluriuntribronide, 

tetramethyldithio-oxamide and phenyltelluriumtribronide 

conplex, The i.sr.e spectrum of tetramethyldithio-oxanide,
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tellurilumtetrachloride conplex and telluriumtetrabronide 

complex have been reproduced in Fig. 2-5. 

The band at 1528 en” assigned to V(CN) is shifted to 

a higher wavenumber and is split on complex formation, and 

a band at 828 one assigned to yY(CS) is shifted to a lower 

wavenumber consistent with the proposal that co-ordination 

takes place through the sulphur atoms of the thiocarbonyl 

groups, The band at 1528 oe is shifted to 1582-1530 en 

and the band at 628 om! is shifted to 821-810 cn 4, The 

shifts in these two bands are of the same order as in 

tetraethyldithio-oxamide, 

2.4.5.3 Dimethyldithio-oxamide complexes of tellurium(Dy) 

As discussed in page 35 tho te!lurium(IV) halide 

mt dimethyldithio-oxamide complexes were prepared by 

addition of telluriumtetrachloride, or telluriuntetrabronide 

dissolved in a mixture of acetic acid and methanol to a 

solution of wi dimethyldithio-oxanide (Ne, Dit, ) » also 

dissolved in a mixture of acetic acid and awcthanol, The 

rust coloured telluriuntetrabronide complex and the violet 

coloured telluriumtetrachloride complex formed after stirring 

for five minutes. The more important bands in the infrared 

spectra of the ae dimethyldithio-oxanide (ilegD Ho) and its 

complexes now discussed, are listed in table 2-5 and are 

shown in Fig. 246, 

The band at 1528 em} assigned to V(cN) is shirtea 

to a higher frequency on complexation indicating a greater 

double band charactor and likely co-ordination through sulphur,
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Thioamide bands It and IV are assigned to y (CS). 

Thioamide band IV at 1020 om decreased to 1010 exw? in 

the Te(Me,DH,)C1, and to 1005 cn in the Te(MopDilp) Bry. 

The band 4t 868 cm” jin the ligand assigned to y (cS) 

is shifted to a lower frequency (841-850 on), in the 

tellurium tetrachloride complex and tellurium tetrabromide 

complex respectively (as expected for sulphur co-ordination) 

put is split to 872, 902 cm | in the Te(Me,Dip)Cly and 

Te(ie Dil, ) Br, respectively, The splitting and slight 

increase to y (CS) suggests that some Te-! bonding may be 

involved, 

48 
Desseyn et. al. reported the increase in intensity 

of the band at 1160 cm? ¥ (CgN) mode, as an indication that 

in the complexes of disubstituted dithio-oxanide tie netal- 

nitrogen bond is stronger than the metal-sulphur bond, ‘The 

tellurium complexes show new bands at 1225-1236 om and at 

1160 en? but the band at 1160 cn is not enhanced in 

intensity, These new bands may arise from vibrations of the 

ligands which are associated with tellurium-nitrogen bonding 

From table 2-6 it is seen that tho bands in the conplexes 

in the region 300-310 on are tentatively assigned to y (Te=N), 

(also see fig. 2-10)- 

1 New bands were noted in the complexes at 270 cn, 

252-200 em? ana 190 em~! which are clearly attributed to 

) (Te-cl), y (Te-S) and y (Te=Br) respectively, after 

elimination of ligand bands, 

The infrared and Raman spectra of all complexes at low 

frequency (below 400 oni) are now discussed.
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2.4.5.4 NI N Tetramethyldithio-oxamide complexes of 

Tellurium (IV). 

The bands in the far infrared and Ranan spectra of 

the tetramethyldithio-oxamide complexes are given in table 2-4 

The i.r. spectra of tmdto and its telluriun (IV) conplexes 

are shown in Fig. 2-8 and 2-9 and the Ranan spectra of 

tetranethyldithio-oxamide complexes are shown in Fig. 2-12 and 2-13 

In addition to bands found in the tmdto ligand and 

aryltelluriumtrihalides, new bands are noted in the complexes 

at 283-255 en4, 254-205 em™+ and 188-155 en, 

Since the complexes are derived from tellurium-tetra- 

halides or aryltelluriumtrihalides and tmdto, it is 

convenient at this point to discuss the nain features of 

the structure and spectra of these compounds, 

Recent studies by Buss and Kreks ? using the X-ray 

analysis of Tecl,, showed the crystal consisted of tetranecric 

units Te,Cl, ¢ i.e. a cubic like structure with short and long 

Te=Cl bonds giving essentially an array of nei,” units 

(approx Csy) and C17 ions, The possibility of Te-Te bonding 

was ruled out owing to the long Te-Te distance. The infrared 

90-53 
and Raman spectra of TeCl, and TeBr, have been reported, 4 

Hayward and Hendra reported the covalent structures of 

Tex4(C,,) to be w trigonal bipyranidal based. However, 

oo 
Greenwood and co-workers after exanining
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tellurium tetrahalide in the solid phase reported there was 10 

evidence to suggest that tho ionic structures of Tex ,"x (C3,) 

is -/ trigonal bipyramidal based. They suggested 2 pyramidal 

based structure from infra red data.”? 

The i.r. spectra below 400 em~+ of tetzrancthyldithio= 

oxanide is relatively simple (see table 2-4) and as expected 

the spectra of complexes of the fornula Tex, tmdto are sinpler 

than those of formula p-ArTeX,tmdto, Bands between 376-343 cn-+ 

50 
reported for TeCcl are absent in the complex TeCl,tmdto, 

4 4 

but new stronger to medium ier. and Raman bands appear 

between 277-273 om74, McWhinnie and Thavornyutikarn 7° 

have reported the infrared and Raman spectra (see table 2-7) 

of some aryltelluriumtrihalides and assign the bands at 

342-298 cm7_ as being due to the Y(Te-C1) terminal 

stretching modes whilst those terminal bromines y (Te-sr) 

Occur at 224-190 en7}, Further, they suggest that all 

aryltelluriumtrihalides may be regarded as conplex structures, 

such as dimers or trimers built up from donor acceptor 

interactions of ArTeX,* and X” units. The strong bands 

in the region 342-298 em72 33 for aryltelluriun trichloride 

are absent in the corresponding tmdto complexes, All the 

complexes have strong to medium absorptions in the 

283-255 om@+ region which may be assigned to y (Te-c1) 

vibrations, whilst those at 188-155 en“) to Y (Te-br). 

Thus,absorptions in the 254-205 enn} region are likely to 

be associated with y (Te-S) vibrations, The Y (Te-c1) 

assignment at 287-262 ent is in agreement with those 

reported by McWhinnie et. al. in their studies on tetra- 
oe 4 

chlorotelluratos ? and diaryltelluriumdihalides oe
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The i.r. spectra of all the Bee complexes have 

one medium band in the region 339-515 en=l, a feature which is 

absent from the spectra of the TeX,tmdto complexes and which 

therefore could be a band arising from the p-Arvfe group. 

A strong band at 312 em7+ is found for p-iodoanisole aid the 

band at 309 em7+ is p-fluoroiodobenzene is said to involvo 

C=I bending 28 The bands at 3359-315 en7) in the acdon Eheue 

complexes could therefore involve C-Te pending °??, 

Wynne and Pearson ae have suggested that telluriunm is 

pentaco-ordinate in methyltrichloro (tetramethyl-thiourea) 

tellurium (IV). The adducts they describe have the sane 

stoichiometry as the tndto derivatives of tellurium (TY) 

reported here and there are certain similaritios in the 

Spectra also, The high Te-Cl frequencies (said to be due to 

cis Tecr, groups) at 338 and 315 en7= in MeTecl, are absent 

in MeTec1,(tmtu) adduct, and a band appears at 251 em72, 

In the TeCl,tmdto and ArTeCl,tmdto complexes, the high ‘'e-Cl 
4 2 

frequencies are again absent and strong bands appear at 

283-255 em71 4.e. close to the values found in He, Tecl, 

(251 em) 3p in Ph,TeCl, (287-262 cm) ana in 

PhTeCl,tndto (283-264 em71), It is possible that in the 

tmdto complexes as in methyltrichloro(tetramethylthiourea)- 

tellurium (IV) the avsorptions between 283-255 en7* are due 

to trans Cl-Te-Cl stretching and that the sulphur atoms of 

the dithio-oxamide ligand exert a strong traus bond lengthening 

effect than do the chlorine atoms, Six co-ordinate telluriun 

with one long Te-Cl bond is therefore likely in tho ArTecisendve 

complexes. A similar structure but with two long Te-Cl bonds 

is likely for TeClytmdto.
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8 

el 8 TeC1tmdto 

Ss 

ROcH TeCltadto 

or eg coum, vous 

where R = H, Br, Cis, cro, CyH,0, Pho 

and Phs. 

These structures with one or two long bonds are consistent 

with the proposal that one or two Cl” ions are removed 

from the co-ordination site in a suitable solvent. ‘The 

conductivities of the complexes in Diff has already been 

discussed, 

The far infrared data for the brono tmdto complexes 

are similar to the chloro analogues, Toel.lurium-Bromine 

Raman bands at 250-200 en7= as found for TeBr , au or 

215 en7! founda for PoEtoCgHyTeBr, 47 are absent in the 

tmdto complexes but a new band appears at 192-158 emi 

55 
2 and may be assigned 

as found for (p-Me0C 1, ),TeBr 

to J (Te-Br),
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22 
2.4.5.5 NNN N Totraethyldithio-oxamide complexes of 

Tellurium (IY). 

Tetraethyldithio-oxamide complexes are Similar to tho 

tetramet hyldithio-oxamide complexes and their analogues, 

The far infrared and Raman bands for the tedto complexes 

are given in table 2-2, The ier, and Raman spectra of 

complexes are shown in Fig.2=7 and 2-11 respectively. 

There are six bands between 410-100 cn=l for tedto and 

some are clearly altered by complex formation, but new bands 

due to y (Te-S), y (Te-cl) ana y (Te-Br) may be 

clearly identified. Thus absorptions associated with 

) (Te-S) occur at 252-203 en in the complexes and bands 

at 280-250 en@+ ana 194-155 em7) nay be assigned to / (Te-¢1) 

and y (Te-Br) in agreement with those reported earlier by 

4 
MeWhinnie et. al. eae 

The bands at 145-133 om71 in table 2-9 and 118-106 cav? 

are tentatively assigned to d(Te-S) or §(Te-Cl) ana 

f(Te-Br) resyectively. The values for g (Te-c1) 

are in agreenent with those reported by MeWhinate «2° 

The i.r. and Raman spectra of the tedto conplexes 

p-thiophenoxyphenyltelluriumtrichloride and tribronide do not 

differ significantly fron those of the other trilalides and 

there is no evidence to suggest that the sulphur atom of the 

thioether may take part in complex formation with the telluriun 

aton of another molecule,
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Heterocyclic ligands containing nitrogen 

and sulphur and their reaction with 

Tellurium (IZ) and (IV) compounds,
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Did INTRODUCTION 

2513 
Foss and co-workers ‘ have investigated the complexes 

of Tellurium (IZ) and Tellurium (IV) derivatives with 

thiourea, These complexes were obtained by reacting a 

mixture of tellurium dioxide dissolved in acids (such as 

hydrochloric acid) with thiourea or its derivatives, 

Tellurium (IV) is reduced and a complex of telluriun (I) 

is formed together with disulphide cation, fhe latter is 

obtained by oxidation of the thiourea ; 

te'4 + (n42) sz¢(IRp)5 + 2X7 —>Te 8=C(IR>)> Xo + 

[Cai ge-s-s-0(1m,),) 

where X = Cl, Br, F. 

The complexes of tellurium (IZ) and (IV) with thiourea ~” 

and their derivatives Te(y).(X) a» are listed in table 1-1 

Chapter 1, page 5, 

13a,1 
Foss and co-workers 32) oe so isolated the thiourea- 

phenyl tellurerylchloride conplex, which was forned 

according to the following reaction ; 

+ + 

Cpt, Tecl, + 3tu ——+C,/HTe(tu)cl + [sec me + soo) 
2 

++ 
ColTecl, + 4tu—— Cpit Te (tu) C1 + [socur,), J, eee 

where tu = S20(NHg)»
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Thiourea and substituted thiourea conplexes all contain 

‘ 

the -IR-C =S group, where R = hydrogen, alkyl, or aryl. 

If the -NH= group in ethylenethiourea (A) is replaced 

by S or CHa @ sories of netorocyclic coapou.n s are obtained. 

For example, when replaced by 8, thiasolidine-2-thione (8) 

is formed,and with CH,, Pyrrolidine-2-thione (¢) is 

obtained. These compounds with nitrogen and Sulphur atouas 

could be potential ligands for co-ordination with telluricm CEL 

or tcllurium (DV). 

  

H 
Deane yy 

s=¢ | s=C 

Na CH, Ny cH, 
H H 

(A) (3) (c) 

Belel Thiazolidine-2-thione couploxes 

Some previous studies have been reported on thiagolicine- 

Q-thione complexes, The Preparation and characterisation of 

some chronium, molybdenum and tungsten couplexes with 

thiasolidine=~2=thione have been reported by Filippo and 

co-workers + ot These complexes have tic foraula 

N(CO) tz, where M = Cr, Ifo, Wyand ttc = thiasolidino-2-thiono. 

All the compounds are diamagnetic and non-electrolytes in a 

chloroform solution, They were prepared using a dooxygenated 

toluene solution under nitrogen atmosphore using a metal 

hexacarbonyl and thilazolidino-2-thione in molar ratios fron 

1:1 to 1:4, After irradiation by uev. source (about two hours)
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the solution changed to 2 yellow colour ,The compounds separated 

after evaporation of the solvent. Spectroscopic studies 

on these complexes show that there is no co-ordination 

through the nitrogen atom but the ligand is bonded to the 

metal through the sulphur atom, 

Fregni and co-workers ac studied Iron (i1) and (7) 

conplexes of thiazolidine-2-thione and they reported 

conplexes of the formula Fe(ttz) x, (where X = C1, n = 2,4,6; 

K T= Bey on 2°30) and Fe(ttz) I, (where n= 2,3,4,6). These 

complexes were prepared from Sen O (X= Ci or ar)\ aad 
2 

Fel, .nl,0 by reaction in molten ligand nedia (at 105-110°¢). 

The nitrogen atom of the ligand is the donor in the conplexes 

as shown by the infrared spectra, 

The preparation of nickel and cobalt complexes of 

thiazolidine-2-thione was investigated by D. de Filippo and 
29 60b f C. Preti P.P. Singh and R. Rivest and B. Singh 

and K. Thakur 60a 

  

Filippo and Preti reported the prepa don of cobalt ana 

nickel complexes of formula M(tt2) 4x, (whore M = Co or Ni 

and X = Cl, Br or I). These complexes were obtained by 

reacting metal halides such as Cox, +nli,0 and wAX,en HAO 

(where X = C1, Br or I) with an excess of molten thiazolidine- 

2-thione (at a temperature of 105-110°¢). cobalt complexes 

were obtained similarly from cobalt halides with thiazolidine= 

2-thione in refluxing ethanol, They believe that the metal 

ions are bonded through the sulphur aton,
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Singh and Rivest reported a formula for cobalt conplexes 

of Co(ttz) x, (where X = Cl, Br or I) and Go(tt2) ,(C10,), : 

The former complexes, Co(ttz) x, (where X = Cl, Br or I) 

were prepared by mixing the ligand and anhydrous cobalt 

halides (molar ratio 1;2) in chloroform, then rofluxing for 

forty-eight hours. The perchlorate complex Co(tts) 4 (C104), 

was similarly prepared by refluxing Co(CLO4) ,+611,0 and the 

ligand (ratio 1:4) in chloroform for forty-cight hours. 

They regard the metal ion to be nitrogen bonded, 

Singh and Thakur Gob reported the formula of cobalt 

and nickel complexes to be Co(ttz) cl, and Ni(ttz)oI5. ‘The 

preparation of these complexes were of the same method as 

39 
D. de Filippo et.al. They believe the metal tons 

are bonded through the sulphur atoms. 

The preparation of thiazolidine-2-thione complexes 

of gine, cadmium and mercury were reported by D. de Filippo 
5 
2 61 

and co-workers and Ge Colombini and C. Preti 

Filippo and co-workers assign the fornula M(ttz) Xo 

(where M = Zn, Cd, or Hg and X = Cl, Br or I) to the complexes. 

These complexes were obtained by two methods, ‘he netal 

halide was dissolved in excess of molten ligand (at 105°¢) 

using a molar ratio of 1:2. Alternatively,a solution of 

metal halide in absolute ethanol was added to a solution of 

thiazolidine=2-thione using different ratios, which was then 

refluxed for four hours, The molar ratios used were 1;1, 

1:2, 1:3 and 1:4,
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Colonbini and proto? have prepared complexes of fornula 

M(tta)5(1ICS) 5 (where M = Zn, or Gd and NCS = thiocyanate) 

Zn(tta)5(BF4) 5+2H,0, CD(ttz) o(BF4) 5 and lig(tts)4(DF4)5 

(where BFz= Fluoborate), The complex of gn (tt) (10%) 5 

was obtained by reaction of thiazolidine-2-thione ard zine 

thiocyanate under reflux for two hours in chlorobenzene, but 

the complex of Ca(tiz) (NCS) 5 was prepared by reacting the 

cadmium thiocyanate with the ligand in refluxing ethanol for 

one hour, The complexes Zn(ttz)o(BFyz)5.2llg0 and cd(tts)o(OF4) 5 

were Prepared by reaction of gine or cadmiun fluoborate with 

the ligand in ethanol; but the complex of lig (tts) ,(3F4), W288 

obtained by dissolving mereury(IL) oxide in a cold solution of 

fluoboriec acid with thiazolidine-2-thione,. 

It is noted that in both reports of the sinc, cadmium and 

mercury cOmplexes, the metal ions are belicved to be bonded 

through nitrogen. The evidence is again svectroscopic, 

s j 63 , pone : : ae Stephen and Townshend investigated silver conplexes with 

thiasolidine=2-thione, but these authors did not prosent any 

spectroscopic evidence for the bonding. 

Pelee Pyrrolidine=2-thione and il-nethyl-pyrrolidine= 
  

2=thione complexes, 

The nickel and cobalt complexes of pyxrolidino-2-thione 

and Nemethyl<pyrrolidine=2-thione are the only ones which have 

been reported, 

Madan and surich®4 found that the complexes had fornula 

ML oClny where L = TBuL or NMTBuL and M =Co, Ni,
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3e1l.3 Tellurium (DV) and its reaction with 

thiazolidine-2-thione, pyrrolidine-2-thione 

and Nemethyl-pyrrolidine-2-thione,. 

The reaction of these three ligands with any metal 

ions has already been summarised above (p. 89 ). Ho 

reports of reaction of these ligands with tellurium (IZ) 

or (11) has been reported. 

In this chapter the preparation of some new complexes 

of tellurium (IL) and (IV) with heterocyclic compounds are 

reported. The reaction of thiazolidine-2-thione, pyrrolidine- 

2-thione and N-methyl-pyrrolidine-2-thione and sone tollurium 

compounds are also investigated, 

3.1.3.1 Thiazolidine-2-thione conplexes of tellurium (I1) 
  

and telluriun (IV) 

The complexes of thiazolidine-2-thione with tellurium (ZZ) 

and (IVY) reported in this thesis were prepared by several 

methods = 

lst method s A solution of tellurium tetrahalide in 

dry methanol was added to a solution of thiagolidine-2-thione 

in dry methanol, After stirring this solution at roon 

temperature the precipitate formed imnediately. The formula 

of these complexes was found to be Te(ttz) x, (where X = Cl, 

Br or I and ttz = thiazolidine-2-thione), 

2nd method , A tellurium tetrachloride complex was 

prepared from tellurium dioxide and thiazolidine-2-thione
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each dissolved separately in hydrochloric acid and then 

mixing them together at room temperature. A yellow 

precipitate formed immediately. The formula of this 

conplex was found to be Te(ttz),Cly. 

3rd method , The complexes of aryltelluriumtrihalido 

with thiazolidine-2=thione were prepared by dissolving tho 

tellurium compound in the molten ligand (at 105-110°¢). 

After cooling at room temperature and adding dry methanol, 

the complexes were recrystallised, 

(for the formula of these complexes see xperimental section) 

yee) 

complexes were prepared by dissolving tellurium dioxide 

4 F 
4th method 1 Te(ttz) ,c1 eH,O and Te(ttz)_Br 

? 

in a hydrochloric acid (or hydrobromic acid) aqueous media 

and then adding to a solution of thiazolidino-2-thione in 

water at 65°C. On cooling these solutions at room tenperature 

the precipitates were formed, 

The spectroscopic evidence indicates that in these 

complexes of tellurium (IZ) and (IV) with thiazolidine-2- 

thione the tellurium could be co-ordinated to nitrogen and 

sulphur donor atoms of the ligand (see Discussion Page 13 

  

301.5.2 Pyrrolidine=2-thione complexes of telluriun (IV) 
  

The tellurium tetrahalide complexes with pyrrolidine- 

2-thione were prepared by dissolving telluriun tetrahalide 

and pyrrolidine-2-thione separately in methanol and then 

mixing these solutions together, The precipitate formed
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immediately. The formula was found to be Te(TBub) x) 

(where X = Cl or Br and TBuL = pyrrolidine-2-thione), 

3e1.3.3 N-Methyl-pyrrolidine-2-thione complexes of 

telluriun (IV). 

Tellurium tetrahalide complexes of N-methyl-pyrrolidine- 

2-thione were prepared using a sinilar method as with 

pyrrolidine-2-thione. The formula was found to be 

Te (SNTBuL) xX) (where X =C1l or Br and NMTBuL = N-methyl- 

Pyrrolidine-2-thione),
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jee EXPERIMENTAL 

3.2.1 Preparation of the Heterocyclic ligands. 
  

Thiazolidine-2-thione (ttz) obtained fron 

Fluka Laboratories was purified by double recrystallisation 
i 
o ° 6 

from hot distilled water. m.p. 106-107 C (lit. 106-107 «) 

(Found c, 30.01; H, 4.45; ™, 11.39; CoS, requires 
? 

C, 30.25; H, 4.24; N, 11.76 6] 

3.2.1.1 Preparation of pyrrolidine-2=thione. 
  

rolidine 

  

Pyrrolidine-2-thione was prepared from 2-py 

by addition of phosphorus pentasulphide. 6.5 ¢. (0.0% mol) 

of the latter was suspended in 50 cn? of xylene in a 

500 em? three-necked flask equipped with a mechanical 

stirrer. A dropying funnel containod 8.5 ¢. (0.1 mol) 

of 2=pyrrolidine in 50 en? of dry xylene. The phosphorus 

Pentasulphide solution was heated under reflux and then 

the amide was added dropwise. After the addition of all 

  

the amide the reaction mixture became so viscous that 

further stirring was impossible, The nixture was boiled 

under reflux for two hours, The hot reaction mixture was 

filtered off and the filtrate was allowed to cool at roon 

temperature overnight when pale yellow crystals were 

obtained which were recrystallised twice from nethanol, 

elaé field 1.0 g. mep, 110°C (1it. 122-113°c).°7 

[Found ¢c, 47.67; H, 6.82, 4, 13.97; C,HUNS wxequires 
47 

C, 47.503; H, 6.98; 1, 13.85 ¢]
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3.2.1.2 Preparation of N-methyl-pyrrolidine-2-thione, 

20 g. of phosphorus pentasulphide was suspended in 

40 en? of carbon disulphide in a 500 cn three necked flask 

equipped with a mechanical stirrer with a segnent shaped 

paddle, N-nethyl-2-pyrrolidine (18 g.) was added from a 

dropping funnel in small portions with vigorous stirrias. 

The reaction mixture warmed up considerably and after 

addition of all the amide the reaction mixture became so 

viscous that further stirring was inpossible. The yellow-brown 

mixture was boiled under reflux on a water bath for five hours, 

The carbon disulphide was decanted and 80 en? of water was 

added to the contents of the flask. The aqueous solutio. 

was extracted several times with chloroforn, and conbined 

extracts were dried over anhydrous sodiun sulphate, The 

chloroform solution of If-methyl-pyrrolidine-2-thione was 

evaporated under vacuum to give dark brown liquid residue 

which was distilled under reduced pressure to give a yellow & 

liquid, eo 

3.20163 Preparation of telluriun tetraiodide. 
  

2.3 g. (1 mol.) of telluric acid in 5 em? of distilled 

water was mixed at room temporature with 6.4 cn? (6 mol.) of 

fuming hydroiodic acid (d. 2.00). A heavy grey precipitate 

of tellurium tetraiodide formed immediately. The grey 

Precipitate was filtered off. The crystals were washed 

several times with pure carbontetrachloride to remove the 

69 iodine, and then dried under vacuun.
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Givi eao Preparation of thiazolidine-2-thione 

conplexes 

Thiazolidine-2-thione complexes were prepared by 

four different methods with telluriun (IZ) and (IT). 

3.2.3.1 Preparation of Te(ttz) cl, complex 
  

Two different methods were employed for the preparation 

of Te(ttz) Cl e( ys 4 

Method 1: From thiazolidino-2-thione in methanol with 

tellurium tetrachloride. 

Thiazolidine-2-thione 0.24 g. (2 mmol.) in 5 cn” of 

ary methanol was added to 0.270 g. (1 mnol,) of telluriun 

tetrachloride in 5 em? of dry methanol. The yellow 

Precipitate , which formed on stirring at room temperature, 

was filtered obf and dried in a vacuum desiccator, 

Yield 0.25 g. m,p. 152=155°C decomp. 

[Found C, 14,86; H, 2.26; MN, 5.51; Te, 25.29; Tes CoM) NaCl y 

requires C, 14,19; H, 1.97; N, 5.51, Te, 25.15 4) ~ 

Method 2,3 From tellurium dioxide in aqueous acid with 

thiazolidine-2-thione, 

Tellurium dioxide 1.6 g, (10 mmol.) dissolved in 

3 4 em? of concentrated hydrochloric acid was added at roon 

temperature to 30g. of thiazolidine-2-thione in 10 cm? 

of concentrated hydrochloric acid, The yellow precipitate
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which formed immediately, was filtered off, washed with 

dry diethylether, and finally dried in a vacuum desiccator, 

« 

MeD» 152-155 Ce 

[Found C, 14.07; H, 2.16; N, 5.74; Te, 25.35; eS ,c- 11 cl, 
102 

requires C, 14,19; H, 1.97; N, 5.51; Te, 25.16 %) 

3.2.302 Preparation of Te(ttz) Br conplex. 
  

A solution of 0,24 g. (2 mmol.) thiazolidine-2-thiono 

ao em? of dry methanol was added to a solution of 0.45 g, 

tellurium tetrabromide in dry methanol. The orange precipitate, 

which formed on stirring at room tenperature, was filtered 

off and dried in a vacuum desiccator, Yield 0,35 ¢g. 

MeDe 134-138 °C. decomp, 

[Found C, 11.47; H, 1.70; N, 3.97; Te, 18.45; Tes .C H 15824 

requires C, 11.47; H, 1647; N, 4.08; Te, 18.62 4] 

3.2.3.3 Preparation of Te(tts) 1) complex. 
  

To a solution of 0.640 g. of telluriun tetralodide in 

200 em? of dry methanol, 0.24 g, of thiazolidine-2-thione 

in 10 cn? of dry methanol was added. The solution was 

changed from dark red to brown. After standing in a vacuun 

desiccator for twenty-four hours, the volume of the solution 

was reduced to about one third of its original volume, when 

a brown crystalline product was obtained which was filtered 

off, washed with dry methanol and dried under vacuum. 

Yield 0.2 g. mp. 162-166°C decomp. 

(Found c, 11.51; H, 1.64; N, 4,01; Te, 14.76; TeS yO pity pNo1 4 

requires C, 11.16; H, 1.55; N, 4.32; Te, 14.61 4]
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3.2.3.4 Preparation of Pe(tts) ,ClsH,0 conplex. 

Tellurium dioxide 0.8 g. (5 mmol.) was dissolved in a 

mixture of 10 on? eoncentrated hydrochloric acid and 10 em? 

of distilled water. After heating to 68°C, 3.6 g. (30 mmol.) 

of thiazolidine-2-thione in 150 en? of distilled water was 

added with rapid stirring. The liberated tellurium was 

filtered off and on standing at room temperature the complex 

formed slowly as a yellow precipitate. This precipitate was 

filtered off, washed many times with hot toluene in order 

to remove the excess of thiazolidine=2-thione and finally 

dried under vacuum. Yield 1.0 g. meD. 82.84°¢ deconp. 

(This complex changed from yellow to green=yellow after being 

left overnight in a desiccator.) 

[Found ¢, 20.96; H, 3.32; N, 8.16; Te, 13.22; Tes N,0CL, 
8°12! 90 4 

C, 20.80; H, 3.20; 3, 8.08; Te, 18.43 3] 

conplex. 3.2.3.5 Preparation of Te(tta) Br, 
  

0.8 g. (5 mmol.) of tellurium dioxide was dissolved in 

a mixture of 10 en? concentrated hydrobromic acid and 10 en? 

of distilled water. After heating to 60°c, 3.6 g. (30 mmol.) 

of thiazolidine-2-thione in 150 em? of distilled water was 

added with rapid stirring. The liberated telluriun was 

filtered off and on standing at room temperature , the complex 

formed slowly as an orange-yellow precipitate. This precipitate 

was filtered off, washed many times with hot toluene in 

order to remove the excess ligand and finally dried under 

vacuum, Yield 1.8 g. msde 172-174'C decomp. 

[Found c, 13.26; H, 1.34; N, 5.09; Te, 16.20; Tes 

requires C, 13.30; H, 1.88; N, 5.22; Te, 15.87 4) 

6° 91545 Bry
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32.3.6 Preparation of P-CH, OCH, Te(ttz) Br, couplex. 

  

The starting materials i.e. arytelluriumtrihalides 

were obtained as described in Appendix II 

p-Methoxyphenyltelluriumtribronide 0.474 g. (1 mmol.) 

was dissolved in fused thiazolidine-2-thione 1.2 ¢. (10 nmol.) 

at about 110°, The solution of thiazolidine-2-thione 

changed from pale yellow to dark red in colour. The crude 

Product formed on cooling at room temperature, then 5 en? 

of dry methanol was added after standing for two days. 

The yellow-orange crystals formed were filtered off, washed 

with hot toluene in order to remove the excess of ligand, 

and dried under vacuum. Yield 0.42 g. mp. 120-132°C deconp, 

(Found ¢c, 19,80; H, 2.81; , 5.95; Te, ,OBr, 4 3 

  

requires C, 20.40; H, 2.85; N, 5.90; Te 

  

3.20307 Preparation of P-C HH OG EH, Te(tta) C1, complex. 
2 

0.36 g. (1 mmol.) of p-ethoxyphonyltelluriumtrichlovide 

was dissolved in fused thiazolidino-2-thione 1.2 &+ (10 mol.) 

at about 110°C, The solution of thiazolidine=2-thione changed 

from pale yellow to dark red. The crudo product formed on 

cooling at room temperature. Dry methanol (5 en’) was added 

and the mixture allowed to stand Overnight. The yellow 

erystals were filtered off, washed with hot taluene in order 

to remove the excess of ligand, and then dried under vacuun, 

Yield 0.20 g. mp. 114-116°C deconp, 

[Found ¢, 28.93; H, 3e42s NM, 30313 Te, 26,54; Tes c 
21a 4 

requires C, 28.003; H, 3.00; WN, 3.00; Te, 26.92 5J 

Nocl_ 
2
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3.2.3.8 Preparation of p-C.H conplex, Or Te(t 6H CoHy e( tz) .c ny 
  

p-Phenoxyphenyltelluriumtrichloride 0.41 g. (1 mmol.) 

was dissolved in fused thiazolidine-2-thione 1.2 g, (10 an01.) 

at about 110 C. The solution of thiazolidine-2-thione changed 

from pale yellow to dark red. The crude product formed on 

cooling at room temperature and then 5 om? of dry methanol 

was added and the mixture was allowed to stand overnight. 

The yellow crystals were filtered off, washed with hot 

toluene in order to remove the cxcess of ligand and dricd 

under vacuum. Yield 0,31 ¢. MeDe 195-201°¢ decoup. 

(round c, 33.14; H, 3.00; 4, 4,14; Te, 19.50; TOS 40, gil, 001, 

requires C, 33.69; H, 2.99; N, 4.53; Te, 19.91 #3 

362.369 Preparation of Te(ttz) sr, complex. 
  

Tellurium dioxide 0.8 g. (5 mmol.) was dissolved in 

a mixture of 10 en? concentrated hydrobromic acid and 10 en? 

of distilled water. After heating to GOR: 1.2 g. (10 mmol.) 

of thiazolidine-2-thione in 50 en? of distilled water was 

added with rapid stirring. The liberated telluriun was 

filtered off and on standing at room tenperature the conplex 

formed slowly as an orange precipitate, which was filtered 

off, washed several times with hot toluene in order to remove 

the excess of thiazolidine=2-thione and then dried under vacuum, 

Yield 1,2 ¢. mp. 146-148°c, 

[rouna ¢, 15.67; H, 1.84; w, 5.18; TeS.c U,Br, requires 4°6! 1082 
C, 13.68; Hy 1.91; ¥, 5.335 oJ
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30203010 Preparation of Decca relies) 20s. complex. 

  

p-Methoxyphenyltelluriumtrichloride 0.34 g. (1 mmol.) 

was dissolved in fused thiazolidine~2-thione 1.2 g. (10 mmol.) 

at about 110°¢. The solution of thiazolidine-2-thione 

changed from pale yellow to dark red. The crude product 

formed on cooling at room temperature , 5 om? of dry 

methanol was added and the nixture was allowed to stand 

Overnight. The yellow crystals were filtered off, washed 

with hot toluene in order to remove the excess of ligand 

and then dried under vacuum, Yield 0.15 g. 

(Found ¢c, 8.37; H, 29.30; 1, 3.07; ‘ve ig001., §12°25%37"6 
requires C, 7.94; H, 29.38; N, 3.32 %] 

3.2.4 Preparation of Dyrrolidine-2-thione complexes, 
  

3,204.1 Proparation of Te(TBub) Cl, .+ CH, COCH, complex. 
2. 2. 

  

Pyrrolidine-2-thione (TBuL) 0,202 g. (2 mmol.) in 

5 em? of ary acetone was added to 0.27 g. (1 mmol.) 

tellurium tetrachloride in 5 en? of dry acetone. The yellow 

Precipitate which formed on stirring immediately, at roon 

temperature was filtered off and dried in a vacuum desiccator. 

Yield 0.20 @. mep. 141-147 ¢. This complex decomposed after 

two to three days. 

[Analysis of freshly prepared material found C, 23.00; 

Hy, 3.50) N, 6,25 TeS CoH, 4N,CL,.2CH, coct, requires C, 22.77; 

H, 3.42; N, 5.59 £4
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342.4,2 Preparation of Te(TBul) Br 4 complex, 
  

0.45 g. (1 mmol.) of tellurium totrabromide in 5 em? 

of dry methanol was added to 0.202 g. (2 mmol.) in 5 en? 

of dry methanol, The yellow-orange precipitate which formed 

on stirring at room temperature, was filtered off and dried 

under vacuum. Yield 0.25 g. m.D. 124-128°C deconp. 

[Found c, 15.40; H, 2,25; N, 4.30; TeS Cyt, 4zNoBry requires 

C, 14.78; H, 2.17; My 4.31 %] 

30205 Preparation of N-methyl-pyrrolidine-2-thione 

complexes, 
  

342.51 Preparation of Te(NNTBUL) Cl, conplex, 

0.23 g. (2 mmol.) of Nemethyl-pyrrolidine-2-thione (UMTBuL ) 

in 5 om? of ary methanol was added to 0.27 g. (1 mnol,) of 

tellurium tetrachlorideiin 5 en? of dry methanol, The yellow 

Precipitate which formed on stirring imnediately, at room 

temperature, was filtered off and dried under vacuum. 

Yield 0.18 g. m.p. 170-174°C decomp, 

(Found C, 24,80; H, 3.90; N, 5.50; Tes, 

C, 24,02; H, 3.63; N, 5.61 £) 

rol igMoehy requires 

3.2.5.2 Preparation of Te(NMTBuL) Bry complex. 
  

Tellurium tetrabromide 0.45 g. (1 mmol.) in 5 cn? of 

dry methanol was added to a solution of 0.23 g. ( 2 mmol.) 

of Nemethyl-pyrrolidine=2<thione in 5 en? of dry methanol,
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The yellow-orange procipitate which formed on stirring 

immediately, at room temperature, was filtered off and 

then dried under vacuum. Yield 0.20 g. mp. 140-145°¢ decomp. 

{Found C, 16.60; H, 2.70; N, 3,80; TeS C. H.-N Br, requires 
21018 24 

C, 17.72; H, 2.68; N, 4,13 4] 

These complexes with N-emethyl-pyrrolidine-2-thione 

decomposed after a few weeks.
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pee RESULTS 

3e3.1 Preparation 

Tellurium(I) and (IV) complexes with thiasolidine-2- 

thione were prepared by four different procedures as 

summarised in page 93 of the Introduction, (also shown in 

Experimental Section), 

Bed02 onductivity Measurements 

The conductivity measurements were obtained by preparing 

107H of tellurium(IL) and (IV) thiazolidine-2-thione complexes 

in dry NN dimethylformamiae, The values of AV are shom in 

table 3-1, 

32303 U.V, and Visible Spectra, 

1079 M solutions of the complexes dissolved in 

WR dimethyl formantias were prepared, The absorptions were 

recorded on a Perkin-Elmer 137 spectrophotoneter, A strong 

absorption in ultra violet at 35.7 kK was noted for cach 

solution, 

30304 Tellurium analysis, 

The method of analysis for telluriun content is reported 

in Appendix II.
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Sesed I.r. and Raman Spectra. 

The i.r. spectra of tellurium (1) and (TW) 

thiazolidine-2-thione, pyrrolidine-2-thione and N-methyl- 

pyrrolidine-2-thione complexes over the range 4000-250 on 

as and 400-40 em ~ are detailed below :- 

3.3.51 Range 4000-250 em@+ 

These were recorded as KBr discs on a Perkin-Blmer 457 

i.r. spectrophotometer,. 

Fig. 3-h i.r. spectra of thiagolidine-2-thione, 

Te(ttz) ,C11,0 and Te(ttz) Bry. 

Fig» 3-2 i.re spectra of thiazolidine-2-thione, 

Te(ttz) Cly, Te(tts) Br, and Te(ttz) Ty. 

Fig. 3-3 i.xr. spectra of thiazolidine-2-thione, 

-CHOC HW 3B ad p-CH_O°.H Pp 3°%6 4re rs and p-C 5 a 

Pig. 3-4 i.r. spectra of thiazolidine-2-thione 

Tol pte) (Ur 

- OC,H,Tecl — a ts . Pp Cole CoM ec 3 and p one oe H,Te(tt Ka 
Dis 

3-5 ide spectra of thlazolidine-2-thione, yg be
 

a
 

P-CeH OCH, TeC1, and PrC gH OC My Te(tts) ,clz6 

Fig. 3-6 ier, spectra of pyrrolidine-2-thione, Te(TBuL) CL, 

and ReTBah) Be 4° 

Fig. 3-7 1.x. spectra of il-nethyl-pyrrolidine-2-thione, 

Te (WuTBuL) C1 and Te(NMTSuL) sr 4 274
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3.3562 Range 400-40 en™+, 

These were recorded as Nujol mulls between two pol.     ene 

sheets using a Fourier spectrophotometer FS 720 (R.I.I.C.). 

Fig. 

Figs 

Fig. 

Fig. 

Fig. 

3-8 

ooo 

3-10 

3-11 

3-12 

i.x. spectra of thiazolidine-2-thione 

Te(tt2) 4ClpeH0 and To(tts)5 Bry. 

ier. spectra of thiazolidine=2-thione, 

Te(ttz),cl,, Te(ttz) .Bry and Te(ttz) oIy6 

ier. spectra of thiazolidino-2-thione 

P-CH, OCgHyTe(tts) Br, P-Coll, OC pi yTe (tts )CL, 

and Pac, OC gi yTe (tts) 50156 

ir. spectra of pyrrolidine=2-thione 

Te(TBub) cL, and Te(TBuL) Bry. 

ier. spectra of N-nethyl-pyrrolidine=2-thione 

Te(NNTBuL) Cl, and Te(TBuL) Bry. 

The Raman spectra of fellurium(IZ) and (IV) 

thiazolidine-2-thione, pyrrolidine-2-thione and Ii 

  

nethyl-~ 

pyrrolidine=2-thione complexes were recorded on a Cary 81 
° 

spectrometer with an exciting laser line at 6525 A. 

Table 3-1 shows some infrared bands of telluriun(IZ) 

and tellurium(I) complexes with thlasolidine- 

2-thione e.g., P(N), thianide 1 bana, 

y(cs) + S(es) and Y(e-s) (asym. end syn.) 

Table 3=2 shows infrared and Raman spectra of tellurium(Z ) 

and tellurium(W) complexes with thiesolidine- 

2—thione below 400 em,



Table 

Table 

Table 

Table 

- 109 ~- 

3-3 shows the infrared spectra of pyrrolidine~2- 

3- 

3- 

4 

5 

6 

thione(TBuL) and its complexes with Tecl, and 

TeBry at 400-2000 em@+, (the more important 

bands), 

shows the infrared and Raman spectra of 

tellurium(IV) complexes with pyrrolidine-2- 

thione below 400 cn™?, 

shows the infrared spectra of N-methyl- 

Pyrrolidine-2-thione complexes with Pel y and 

TeBr,, at 400-2000 en7+, (the more important 4? 

bands), 

shows the infrared and Raman spectra of 

Nemothyl-pyrrolidine-2-thione conplexes of 

  

tellurium tetrahalides below 310 em™*. 

\ 
The complexes could not be recorded on the H n.m.r. 

as there was no suitable solvent for dissolvin; then,
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Fig. 3=4



- 114 - 

 
 

  
i 

| 
5 

b
e
y
 

gt 

me Surana? 
ect   

‘Thin colidine-2-thione(tts) 

Cel OC eH, (ttz) cL 

 
 

oa: Fig.



aL 

4 
‘Te(TBaL),C1, 

3 & = 2. 
§ oy 
at pyrrolidine-2~ 

 



= 116 - 

cos ‘us wavenuatt 
  

  

    
‘Te(wuTBuL), C1, 
          

  

       

    WAVENUMBER ICM") 
  

  

  
l-Hethyl-2-pyrzolidine-thione 

(MTBub) 
           

    Ta0 WAVENUMAER [Cr 
  

       
To(UUTNUL Beg 

  
  

    EERIE ETT 

Fig. 3=7



 
 

  
 
 

  2 
2 

= 
= 

‘ 
g 

e 
g 

g 
z 

3 
8 

> 
° 

=
 

a 
= 

2 

= 
g 

2 
S
e
 

= 
z 

2 
. 

é 
& 

$ 
a 

* 

3
a
 

a 
Lg 

1 
a
 

z 
= 

~ 
ea 

3 
e
n
 

2 

2% 
aoe 

: 
é 

g 

1 
a 

4 
> 

8 
S 

8 
$ 

& 
& 

3 
8 

: 
3 

3 
& 

$ 

O0S*T 
OOf*T 

OOT*T 
006°0 

Ool*o 
doS"O 

oOf*o 
O0S*T 

COC*T 
OOT*T 

006°0 
OL" 

o0S*o 
O
t
o
 

z 
5 

sanertanv 
scnrtanv 

FREQUENCY (ca™) 

To(ttz) Bry 

 
 

  
en 

ee 
| 

00S*T 
OOf*T 

OOT*T 
006°0 

O0L*o 
O0S°0 

Oof"0 

‘ 
wanur1anv 

120, 180-200 240 280 320 360 404k 60 2 = 

FREQUENCY (oa7?) 

Fig. 3-8



  

   

    

‘T
e(
tt
s)
.c
l,
 

ae 
rr 

- 118 - 

2
8
0
 

3
2
0
 

Oo
 

4
0
0
 

44
0 

a5 
16
0 

20
0 

24
0 

7R
QU
EN
CY
 

(o
m 

12
0 

80
 

  40
 

OOf*T OTT 0060 COLO C0S*O COE*O COT*O 
sannr1av 

‘T
hi

az
ol

id
in

e-
2-

th
io

ne
(t

ts
) 

  

120
. 

16
0 

20
0 

24
0 

26
0 

32
0 

36
0 

40
0 

44
0°
 

Fa
pq
ua
ic
y 

(o
n)
 

60
   

40
0 

44
0 

   
    

36
0 

Te
(t
ts
) 

QT
, 

200
 

240
 

260
 

32
0 

aa
qu
en
cy
 

(o
a?
) 

16
0 

12
0 

2 + 
OOP"T OOZ"T 000°T 00970 009°0 COr"O C0z"0 

sanria 

To
(t
tz
).
Br
, 

téo
. 

200
. 

24
0 

20
0 

32
0 

30
 

40
0 

44
0 

12
0 

° 3   
  - S 

00S*T COF*T OOT*T 006*0 o0L*0 00S*0 OOf*o 
sanut1any 

Fig. 3-9 

° 
00S°01 0056 005°8 O0S*L 00S*9 00S 00S"F 

OU X sandr1d0v 

va
rq
ua
nc
r 

(
c
a
)



  

~ 119 - 

z ° 
$ 3 

Re ; 
e. 8 : 
: 
<= 2 2 
bee a 2 e 
S 

8 & 
af > eS & 
i 3 e pees _ Re a 

g 
1 Sw $ No oad a 

gf 8 

3 3 

: e S 

Is ls 

2 S   

    
rod . . . . 002"t 000°I 00g°0 009°0 OOO O0z*0 000°0 O0S*T Of" COT"T 006'0 colo 00$°0 o0f*o 

sanrianv Seay 

° g : 3 

~ 2 on ; 8 a 8 

g S = 2 
a 2 = ; i : = 4 
4 g e, 2 5 g = § 

3 8 : g s Na ie 5 8 
é £ ° 

= 5 g 
a 

8 E 8 . 

s 3 

: & § 

3 3 

= $ $   

00° OOF tT   OOT*T COED GOLA OOS*O NCE*O 

sangITaKy 

Fige 

OOS*T OOF*T OTT 0CO6'O COL*O 0S°0 OOf*o 

3-10 

ganzrtany 

FR
EQ
UE
NC
Y 

(o
a?
) 

PR
EQ
UE
NC
Y 

(o
m?
)



440 

    

  

z 
g 

3 A 
3 

e 
g 

é 
' 

° ‘ 
z 

g 
N
 

a
 

oo 

S 
1 

4 e 2 g ° ~ : 
r
e
r
e
 

: 3 
< 

: 
le 

 
 

OOL*OT 
COL*G 

OCL*G 
OOL*L 

OOL*9 
OOL*S 

OOL*Y 

Oty 
gonsriany 

FREWBICY (ca?) 

pyrrolidine-2-tnicne (TRL) 

    

e
s
 
e
e
 

Oot 
oT 

0
0
6
 

O0€"G 
C
O
L
 

COL*g 
D
t
 

Coty   
Om 

scnurteny 

160 440 400 240 280 320 200 80 120 40 

FREQUENCY (ca?) 

400440 

Te (rP),01, 

360 T6o 200 «340. 280—«Seo.S«S 120 & 

 
 

  
S
o
 

00S*T 
OOF*T 

OOT*T 
006°0 

COL°0 
M0S*0 

oCOf-o 
sanuItany 

FREQUENCY (ca7?) 

Ts 3- Vig.



 
 
 
 

To (wuTPuL) C1, 

130 1é0 280 240.280 320 «+4300 +~«400+~«=«dO 86 

  
00S*T 

OO£*T 
OOT*T 

006°0 
00L"0 

00S°0 
o
f
 

"0 

S
C
N
T
 

FREQUENCY (ca) 

Po (NUTBUL ) Bry 

ay 

_
—
—
—
—
—
—
 

a
 

O0S*0T 
00S*6 

O0S*g 
O0S*L 

00S*9 
O00S°S 

OOS*¥ 

Ol 
X 

ScnlIianvy 

360 400 440 320 10-260 ho 120 2 J 

  +o — 260 

FREQUENCY (en?)



  

= 122 « 

TABLE 3-1, 

Assignment of infrared bands. 

  

  

Compounds ) (N-H) |Thiamide 1 ho. §)+J(NCS) oe ie 

> 
Thiazolidine-2-thione | 3400s 1510vs 1290s 690s 650m 

(ttz) 

Be(ttz) Cl, 3200m 1515vs 1305s 690w 660m) 52 

1520) 
Te(ttz) Br, 3230m 1505) V8 1305s 690w 660m} 124 

1330) Te(ttz)Q1, 3230m 1517vs 1304) ® 690w 662m| 128 

Te(ttz),C1,.H,0 3130m 1510vs 12958 685m 640m} 42 

3220 1320) 
Te(ttz) Br, is m| 1510vs 1300) ® 630m} 85 

3230m 1322) CH,0C,H,Te(+tz) Br, 3120nsh 1518vs 1297) © 700w 645m) 108 

1305) CHOC .H,Te(ttz cl, 3200m 1520vs 1294) ® 695w 660w| 29 

C eH, O0cH, Te (ttz)QCl, 3220m 151 5m 13078 69lm 635m) 49           
  

as om’.ohm>,mole 1072M solution at 20°C. 

b. Value in CHCL, , 31408 ca 4n KBr. 
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TABLE 3-2 

  

  

  

  

  

  

  

  

  

  

    85msh 
ligand vibration) 

Infrared and Raman spectra of Tellurium(II) and (IV) Thiazolidine-2- 

thione complexes below 400 om 

Thiazolidine-2 
tt t: eee prey Te(ttz),Cl, Te( 2) Br, Te (+ 2)oly Races 

i.r. Raman i.r. Raman| i.r. Raman ji.r. Raman 
BY av AV DY 

318m = 319s | 316m 314m | 325msh Y (Te-N) 

292m 292w 306m 303m 298m ligand vibration! 

260ssh 2538 y (Pe-c1 ) 

254W ) 
) Y (te-s) 

235vs 2418 236msh 212msh ) 

1928 180ssh 185m 178m | ligand vibration 

183vs ) 
) y (Te-Br) 

178vs 176msh! ) 

155m 1528 | ) 
) y (te-r) 

139m 131s | ) 

134m 147w fe } of (Te-C1 ) 
or 

123m 128ssh 1l4w 109m | ) of (te-s) 

103msh ) 
) 
)            
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Table 3-2 «ee. 

Thiazolidine-2- 
thione(ttz) Te (ttz),Cl,.H0 Te(ttz) Br, 

Assignment 
i.r. Raman i.r. Raman i.r. Raman 

av AY AV. 

336vw 318s ) 
) ) (te-n) 

3038 300msh | 302m ) 

292m 292w ligand vibration 

276w 276w Y (Te-cl) 

2520 252 ) 
) y (te-s) 

24 3w ) 

192s 180ssh ligand vibration 

165s 161msh | ) 
) ¥ (te-Br) 

147msh 139wsh ) 

140vs ) & (Te-c1 ) 
or 

124m & (Te-S) 

103msh } 
ligand vibration 

85msh )         
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Thiazolidine-2- 
thione(+ts) P-CH,CcH,Te(ttz) Br, 

Assignment 
i.r. Raman i.r. Raman 

po Dv 
* 

316" 3178 ) (te-n) 

292m 292m 298m ligand vibration 

237m y (Te-s) 

192s 180ssh ligand vibration 

165s 160wsh 

) ) (te-Br) 
151m 149wsh ) 

103msh } 
ligand vibration 

85msh ) 

Thiszolidine-2-— 
thione(t¢z) P-OgH, OCH, Te(ttz C1, 

Assignment 
i.r. Raman i.r. Raman 

324m 329m ) * 
) y (te-w) 

310w ) 

292m 292m 303m ligand vibration 

263m 255m ) (Te-C1 ) 

235vs = 2290w ) 
) ) (Te-s) 

206msh ) 

192s 180ssh ligand vibration 

EG §(fe-Cl) or 
133W 5 (Te-S) 

    103msh 

85msh     ligand vibration 

S
S
 

L
S
S
 
= 

  

A strong band found at 312 Cae for p-iodoanisole is said to be 

involve C-I bending mode ocours in this region, 3 2 

 



= 126 - 

Table 3-9-seee. 

  

  

  

  

  

  

  

  

    

Thiazolidine-2- 
Mikena (ets) P-C HOC (H,Te(ttz) Cl, 

Assignment 
i.r. Raman ier. Raman 

av bu 

312" ) (te-n)* 

292m 292m ligand vibration 

286ssh 281m ) (Te-C1) 

230vs 223w ) 
) VY (Te-s) 

203m 201lw ) 

1928 180ssh 183msh 175w ligand vibration 

Bee } 5 (te-c1) or 

1330 ) & (te-s) 

103msh ) 
) ligand vibration 

85msh )     
  

7k strong band found at 312 om for p-iedoanisole is said to be 

involve C-I bending mode occurs in this region>@ 
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TABLE 3-3 

I.r. spectra of pyrrolidine-2-thione(TBuL) and its complexes with 

Tecl, and Tbr) at 400-2000 es the more important bands. 

  

  

  

Pyrrolidine-2-thione Te (TBuL),C1 4 Te (TBul) Br, Assignment 
(TBuL ) 

482s 4708 465s Thiamide Y 

790vs 7308 7508 & (NH) 

920" 960W 960m 

9758 

1038 1025vs 1020w 

1065 1060vw 1060w 

1113vw 1095vs 1090s Y (cs) 

1170w 1170vw 1185m 

1221 1220" 1215m 

1295vs 1300vs 1305vs 

13528 1351m 

1373m 

14218 1410s 1410s 

1455m 1455m 1460s 

1473w 1470 

1540vs 1555ve 15758 Y (cw) 

1620ssh 1640w 1645s          
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TABLE 3-4 

Infrared and Raman spectra of tellurium(IV) pyrrolidine-2-thione 

  

  

  

  

  

  

  

  

  

    

complexes below 400 ont 

Pyrrolidine-2-thione (TBul) Te (TBuL) C1, Te(TBul) Bry 
Assignment 

i.r. Raman ir. Raman i.r. Raman 
bo pv Av 

3368 342w 3458 348m 3468 350m ligand vibration 

292m 291 ) (te-c1) 

220sbr  215w 230msh )) (Te-S) 

186vs 185s y (Te-Br) 

187m 179" ligand vibration 

165msh od (Te-cl) 

147vs o& (Te-Br) 

141msh 130wsh 146m 145msh ligand 

vibration 

102s     e
e
e
     
 



I.r. spectra of N-methyl-pyrrolidine-2-thione complexes with TeCl 
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TABLE 3.5 

4 

and TeBr,, at 400-2000 on, the more important bands, 

  

  

  

a idine-2- | ne (NuTBuL )ocl, | Te(inrBuL) Br, 
Assignment 

4958 4908 4868 

6508 690w 6908 

800s 

1000sbr 1012m 1olow 

1092ve 1092vs Yes) 

1120s 1105vs 1102vs 

1180m 1180vw 

1250m 1220m 1220vw 

1275m 

13158 1312vs 1310vs 

1400ssh 1408s 1400s 

1450vs 1445vs 1440m 

1535vs 1575v8 1570vs ) (cn) 

1620m 1680vw 1670          
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TABLE 3-6 

The infrared and Raman spectra of N-methyl=pyrrolidine-2-thione 

complexes of tellurium tetrahalides below 310 om. 
1 

  

  

  

  

  

  

  

    

Te (NMTBuL )oc1 4 Te (NMTBuL ), Br, ‘4 

Assignment 

i.r. Raman ir. Raman 
i AY 

3028 303m ligand vibration 

281msh y (Te-c1) 

256m ) 
) 

246wsh } Y (te-8) 

) 
225vs 221wsh 2 

185vs 180m y (Te-Br) 

187msh od. (Te-c1) 

1308s 13lw 130m 132w ligand vibration     
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304 DISCUSSION 

Ze4.1 Preparation of thiazolidine-2-thione complexes 
  

of tellurium(I) and_telluriun(I). 

In the first preparative method of these telluriun(I) 

complexes with thiazolidine=2=-thione, tellurium tctrahalide 

was reacted with the ligand in methanol which gave general 

complexes formula of Te(ttz)oX4 (whore X =C1, Br or I). 

The second preparative method, tho tellurium tetrachloride 

conplex was prepared by separately dissolving telluriunm 

dioxide and thiazolidine=2=thione in hydrochloric acid and 

then mixing the solutions together at roon temperature, ‘The 

formula of this complex was found to be Te(tta) Cl jy. 

The third preparative method used to obtain the aryl- 

telluriumtrihalide complexes, involved the dissolution of 

aryltelluriumtrihalide in molten thiazolidine-2-thione at 

110°C, 

In the fourth method used for the preparation of the 

tellurium(IL) complex with thiasolidine-2=thione; telluriun 

dioxide in aqueous hydrochloric acid was reacted with the 

ligand in distilled water at 65°C. This gave 2 couplex 

fornula of Te(tt2) ,Clp.H50, iee., oxidation of the ligand 

occurs with reduction of telluriun(IV) to telluriun(IZ) 

as follows y=



  

o 2- * Ted, + SiC2 sftecig]?- + 2H + 2H,0 

H 
N—on 

2- = 2 Tedl 6 $=c | ——> 4cl° + 
[arte oe son 2 

H H H 
N—cH CH=——N u—ct, | 2+ 

tefs-cc | 2} cr, 4 |] 2 So-s-s-c | a 
“shy Ja cH=—s S— CH, 

The Te(tts) Br conplex was prepared by reaction of 
4 

tollurium dioxide in aqueous hydrobromic acid with 

thiazolidine-2-thione in distilled water at 60°C. 

The reaction is shown bolow :- 

Te0, + 6uB2— frear,| Gche OH ges eH 50 

H H 
e-N—— Ch t zi Oly = 

[rese,] + 3 8500 | ? —»te | ssc | Br, + 2Br 
sS—CH s— CH i 2 243 

304.2 Vibrational analysis for thiasolidine-2-thione 
  

complexes for Tellurium(I) and felluriun(IJ). 
  

Thiazolidine-=2-thione contains a thioamide group ( 

47, 72-75 
and should ideally, give four i.r. bands. These are 

  

known as “Thioamide bands" and arise fron the following 

vibrational modes :- 

Band I at 15l0onhas contributions from (1) 4 J (C-li)+ 

y(c Wt) 

Band II at 1290m/has contributions from y(c=8) + d (.1cs)



Band III at 1000mhas contributions fron Y (GN) + 

) (cs). 

Band IV at 690mhas contributions from y (cS) 

98 reported that y (iM), Fregni and co-workers 

thioamide 1 and y (0-8) + f (NCS) give rise to bands at 3400, 

1490 and 1288 onm7+ respectively in thiazolidine-2-thione 

which are shifted to lower (=260 en7+) to higher (+40 ea7+) 

and to higher (+21 en~-) wavenumbers respectively in the 

iron(IZ) and (ICT) complexes with thiazolidine-2-thione, 

Therefore, the iron in these complexes is co-ordinated through 

nitrogen, The far infrared spectra of the complexes shows 

bands to be present between 240-220 em! which nay be due 

to \(Fe-N) and the band for y (Fe-S) was absent. 

Zine, cadmium and mercury complexes with thiagolidine-2- 

thione wore prepared by Filippo and co-workers 61 and 

they report that the nitrogen in tho ligand was co-ordinated 

with the metal atom. In the conpDlexes an(ttz) ox, 

Cd(tts) x, and Hg (tt2),x, (where X = Cl, Br, or I), the 

a bands between (180-178 em71), (176-167 en7+) ana (158-147 em™~) 

were assigned as being due to y (Zn-), y (Cd=i) and y (He=u) 
t 

respectively, 

62 
Colombini and Preti also reported cadmium and sinc 

conplexes, tn(ttz), (1108) ,, Ca(tt2),(1108),, Zn(tts),Ac,, 

Ca(ttz) Ac,, Zn(tt2),(BFy),+H,0, Ca(ttz) ,(BP4), and 

He (ttz) ,(Br,), and they found the aitrogen aton of the 

thiazolidine-2-thione to be the donor in the complexes. 

The bands in the complexes due to nitrogen metal stretching
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modes are as follows :- 

  

Man 

an(ttz), (2108), 192ns 

ca(ttz), (Nes), 170ms 

an(tt2) Ac, 176s 

Ca(ttz) Ac, 136s 

an(tt2), (BF)) ,«2H,0 188ns 

Ca(ttz), (BF 4), 168n 

Hg (ttz),(3F,), 1472 

where NCS = thiocyanate, Ac = acetate, 

BF y = fluoroborate and 

tiz = thiazolidine-2-thione,. 

a7 Filippo and co-workers reported the preparation of 

complexes of chromium, molybdenun, and tungsten with 

thiazolidine-2-thione of formula (CO) tz (where M = Cr, 

Mo, or W). They suggest that "the ligand should be bonded 

to the metal through one of the sulphur atoms", as shown 

below in A and B. 

4 Hoon 0 ¢ ¥ 2 Hc 
ite 2° —Scx 

is 2f GH f / wn 
Ue BaeN gee! Og BNE dh 8 oe 

Ogee Nef oOo int 
¢ 

0 0 

(A) (B) 

Silver forms complexes with thiazolidine-2-thione 

6 ; 
according to Stephen and Townshend 3 and they believe
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that the silver ion is sulphur bonded. 

Cobalt and nickel complexes with thiazolidine-2-thione 

5 
were reported by Filippo and Preti 2 B. Singh and 

60b 60a 
K. Thakur and P, Singh and R. Rivest but 

the data available for the complexes is confusing. 

59 60b 
Filippo and Preti and B. Singh and K. Thakur 

believe that cobalt and nickel ions in the complexes are 

60a 
sulphur bonded but P, Singh and R. Rivest believe 

that cobalt ion is nitrogen bonded. 

Filippo and Preti 7 reported from their 1.r. spectra 

that the bandsat 1500 en ana 1200-1000 env in the 

complexes do not change when compared with the free ligand 

but the band at 700-600 cm~! aue to y(C-S) is shifted to 

lower frequencies by 40-50 emt, Also they found new 

bands in the region 3357-320 em72 for the complexes due 

to \)(Co-S), Therefore, they believe fron these results 

that the ligand is co-ordinated via the sulphur aton, 

P, Singh and R. Rivest oes observed that there are 

three positive shifts in the complexes when compared with 

the free ligand. The first concerns the thioamide 1 band; 

the second involves }/ (¢=8) +d(NcS) and the third vibration 

is )(C-S). The new band found between 341-325 onm7! is 

assigned to y (Co-N),(suggesting nitrogen bondinc). 

60b 
B. Singh and K, Thakur studied cobalt and nickel 

complexes with the ligands containing a thioamide group 

Guch as l-phenyltetrazoline-5-thione (PT5T), thiocarbo-
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hydrazide (Hteaz) and thiazolidine-2-thione). 

These ligands contain a thiocarbonyl (GS) group and 

an adjacent imino group as potential donors. They have 

different co-ordination possibilities i.e., through 

sulphur only, through nitrogen only, or through both 

sulphur and nitrogen. 

They believe the metals in the complexes M(tba) xy 

N(PTST), and N(Hteaz) x, (where M = Co or Ni and X = Cl, 

Br, or I) are sulphur bonded, nitrogen and sulphur bonded, 

and nitrogen bonded respectively. 

There is no coordination through the nitrogen atom in 

the thiazolidine-2-thione complexes of sroup VIB carbonyls 

as is shown by Filippo and co-workers e but only the 

sulphur atom of thioketonic group is involved in bonding 

to the metal. 

Comparison of i.r. and Raman spectra of thiasolidine-2- 

thione complexes with tellurium (IZ) anu (DV) and 

thiozolidine ligand from tables 3-1&3-2and figures 3-1/2/3/- 

4/5/8/9/1.0 show the five most important bands. These 

bands are (NH), thioamide 1, Y(c=S) + 3 (cs), y (Te=n), 

y (Te-S) and ) (Te-x). 

Thiazolidine-2-thione and Te(tta) Xx, will first be 

discussed. 

Table 3-1 and Fig.3-2 show that y (NI), thioamide band1and 

Y(c=S) + J (ics) have bands 3400, 1510 and 1290 ém72
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respectively in thiazolidine-2-thione which are shifted to 

lower (-200 cn74), to slightly higher (+10 en™+) and to 

higher (+40 en7*) wavenumbers respectively in the complexes. 

This therefore suggests that the tellurium in the complexes 

is nitrogen bonded, Although evidence fron the shifts in 

y (c-S) is less convincing. Fregni and co-workers 28 

60a 61 
Singh and Rivest and Filippo and co-workers stated 

that the slight shifts of the band due to yY(c=8) 4 & (21cs) 

is indicative of co-ordination through nitrogen, but Filippo 

and co-workers ah suggest that the positive shifts in the 

conplexes are due to co-ordination through the sulphur atom 

of thioketonic group as montioned before, 

Table 3-2 and Fig.3-9 show new bands between (325-109 em@*) 

which are noted after elimination of ligand bands. 

Absorptions between (254-212 en7+) for the complexes vere 

assigned to )y(Te-S) vibrations. These results agree with 

Clark and co-workers gee the ones at (260-255 en) 

are assigned to y (Te=C1), those at (835-176 en") to y (te-br) 

and those at (155-131 en!) to y (Te-1). 

Absorptions in the region (325-314 as) are shown in nost 

of the complexes, and the absorption in this region can arise 

from Te-C bending mode but in these complexes the tel luriun 

aryl linkage is absent, so the vibration observed could be 

due to y (Te=1). 

Therefore, the teliurium atom in these complexes could be 

co-ordinated with one nitrogen donor and one sulphur donor,
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3.4.2.1 Comparison of the spectra of thiazolidine-2-thione 

and the complexes Te(ttz) ,Cl,. H,0 and Te(tts) Br, 

  

The more important bands \(NH), thioamide 1, 

Y(c=8) + £ (NcS), y (Te-N), y(Te-S) and y (T-X) bands are 

shown in tables 3-1/2 and figures 3-1/8 for the complexes 

and ligand. 

The negative shift of Y(NH), the slight positive shift 

of thioamide 1 and positive shift of y(¢=S) + do (NCS) in 

the complexes as seem from table 3-2 and fig, 3-8 are similar 

to those of the To(tts).X, complexes. 

The y(Te-N), y(Te-Cl), W(Te-S) and V(Te-Br) modes have 

bands 4n regions (336-302 om™+), 276 en~+, (252-243 em?) 

and (165-139 cm!) respectively in the complexes (see table 3-2 

and fig. 3-8. 

Therefore the tellurium atom in these complexes could be 

co-ordinated with both nitrogen and sulphur donors, 

3,4,2,.2 Comparison of the spectra of thiazolidine-2-thione 

( Kee and complex RTe btn) Xs 

The complexes P-CH, OCH, (tba) ,Br,, P-CoH, 

and DoO GH EOC (H we(tea) cis have ))(NH), thioamide 1 and 

y (c=S) + do (NCS) bands are shown in table 3-1 and figures 

OogH, (+tz)c1, 

These bands are shifted to lower and to higher wavenumbers 

in the complexes and they are similar to the Te(ttz) x,
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complexes, 

The band in regions (329-310 en“+), (286-255 en7+ ), 

(237-201 om) and (165-149 em) may be assigned to 

y(ve-"), ) (Te-cl), y (Te-S) and Y(Te-Br) respectively. 

Therefore it seems likely that nitrogen and sulphur 

atoms of thiazolidines2-thione are donor atons in these 

complexes (see table32and fig.3-10). 

In the P=CoH, OC pH, Te(ttz), C1, complex it is difficult 

to see how nitrogen and sulphur donor atons fron one 

ligand are involved. This complex has a tellurium-aryl 

linkage which could give rise to bands in the region 

(329-310 em7*) which are duc to a Te-C bonding mode but 

an absorption due to y (Te=N) is also likely but cannot 

be proved. 

Therefore, the tellurium atom in the complex is probably 

sulphur bonded and less likely but also possibly nitrogen 

bonded, 

3.4.3 Structures. 

The sterochemistry of the tellurium(I1) atom in compounds 

such as TeBx, or Cis Te(tu) cl, has been discussed and is 

believed to involve structures which are either two or 

four co-ordinated.



- 140 - 

In TeBr, there are two bonds giving an angular shaped 

Hi 
molecule (A) but in Cis Te(tu) cl, there are four 

bonds giving a square planar structure (B). 

ss (H,u)e 8 $=C (NH), 

Br Br 88 ‘le 

oN 

(A) 

(3) 

In the complex of Te(tmtu) cl, there are four bonds to 

tellurium(IZ). Three of these are nornal co-ordinate bonds 

which may be termed "Planar", with a four eth which is a very 

long bond, This is called the "trans" effect and is exerted 

by one ligand in the complex, The structure of 

ik 

Og, Te(tu) cl also illustrates this effect : 

el 

on 
at < 

1" 

3.00 4 
1 ——_Te ——S*0 (HI) 5 

| S 

gO 

(the bond illustrated Te-Cl is almost absent) 

i 
Buss and Krebs showed that the co-ordination 

number of tellurium atoms in tellurium tetrachloride is six.
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TeSC(NMe the tellurium(IV) atom cl 
319 23° 

is five co-ordinated and this compound is said to have 

In the complex CH 

asquare pyranidal structure, as shown below 1 

H CH, 

a 
> 8 

cL Os 

Te 
es 

(oh 82C(iilte,) 5 

where S=¢(NKe,), is Tetramothylthiourea 

Assuming thiazolidine-2-thione to bo a nonodentate 

ligand in tellurium complexes, the co-ordination nunbor 

  of telluriun atom in To(ttz) x complexes could be six. 
4 

This could arise from one sulphur donor and one nitrogen 

donor (occupying cis or trans positions) and four halogen 

atoms (in the four renaining positions), as follows ; 

  

x 

Gis Te(tta) x, trans Te(tin) x, 

where X = Cl, Br or I and N &S are derived 

fron two ligands.
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One long Te=X bond may be involved. Conductivity neasurements 

indicate a certain amount of ionisation. 

It is also possible that the tellurium aton in 

Te(ttz) ,Cl,.H O could be six-coordinated i.e., to chlorine 
2 

atoms (occupying cis or trans positions), and four atons 

such as two sulphur and tro nitrogen (in the remaining 

positions) as illustrated below : 

  

8 s 

8 1 N 1 

Te Te 

N cl s—___._ Yo 

N N 

Cis Te(ttz), Cl 
2. 

    

cl cl 

8 N s N 

Ss N Veco 

C1 cl 

Trar bts . ans Te(tt dg Cl, 

where Nf & S are derived from four nonoventate Ligands, 

Coordination number six or Seven for the tellurium aton 

could be envisaged for Te(tts), Br). A high conductivity is 

indicated. One bromine atom in the complex could be prosont 

as Br@ giving coordination number of six.
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p=Phenoxyphenyltolluriuntrichlorice reacts with molten 

thiazolidine-2-thione to give. a complex formula of 

P=CgHe OCgityTo(tts) 5015. The co-ordination nunber of the 

tellurium atom in this complex could be siz. This could 

arise as follows: 

R N 

Cl N cl R 

cl Ss Cl cl 

cl Ss 

‘ : ; a 
Cis. trans, 

CH a= Ci fe(tts)_ eb pot HOC 6! {,Po(tts), a) c1, p 65° 3B e( 5 

two where R = Cols OC eH, and N & & are donors fro: 

monodentate Ligands, 

When PoOpH, OC EH Tech, was reacted with thiazolidine-2- 

thione in the conplex of formula p-C HOCH, Te (tta a) OL., was 
2 

formed, In this complex,tellurium coul? have a coouatieeion 

number of five and the structure of P-CpN, OC gi yve(ttz) C1, 

could thus be of a square pyramifiol shape, isc, the 

analogous to the structure of totranothylthi cured t0 Lurtun- 

trichloride 

| 
es 

eed 

where tts is thiazolidine-2-thiono and R = Coil; 

R 
9 

O 

NN cl cl



ead 

The p-CH OG gH yTe(tts) »Br, conplex was prepared by the 
2 

reaction of p-CH Carer eae with molten thiagolictine-2-thione. 
3 

In this complex tellurium could have coordination nunber of 

eight. A high conductivity value of 10% om ohne nolet 

was indicated for this compound, One bro vine atom could be 

present as Br~ in the complex thus leavins seven donors for 

coordination sites. Possible structures may be represented 

as follows : 

  

Rte (tts) sor, 

(where R = p-CH,0C,H,) 
36 4 

3.4.4 Conductivity. 

107? Molar solutions of telluriun(IZ) and (mr) co 

  

exes with   

, 
thiasolidine=2-=thione were dissolved in Ni dimethyl- 

formamide and then the conductivity measurenents wore 

° 

obtained at 20 C using a Mullar conduetivity bridge 

Type B 7566/3. The values obtained are shown in table 3-1, 

The complexes had values of conductivity of between 

29-124 om@,ohm-+, nolo? and these values could be expected 

for 1:1 electrolytes in this solvent.



Eth 

The complexes of Te(tba) Bry and PCH, OC gHyTe (tts) , Br, 

1 L 
gave high conductivity values of 85 and 106 on’. ohm ~10le” 

respectively. There could be one bromine atom present as 

Br”, and therefore co-ordination nunbers of six or seven for 

tellurium atom are possible. 

7 A 1 a 4 
The conductivity values of p Op1,OCgHyTe (tia) Cl, 

Te(tts) ,Cl,.H 0, PC pl OCH Te (tts) ,01,, and Te(ttz),cly 
2 

are 29, 42, 49 and 52 once ohmel ele respectively. 

“The conductivity values of these complexes could arise 

from interaction between cationic and anionic Species. Thus, 

the Te(tts) x), Te(tts) ,C1,.1,0, te (tts), Bry and 

and Rte (tts) x, complexes nay be more convenicntly written 

te + 

ILO, [re (+t2), ar, ]Bz7 
ae fs “ 

as [Te(tta) .%, hae [re(ttz) 401 Jor 

and [rte (ttz)_x,] x respectively. 

3.4.5 U.eV. and Visible Spectra. 

The complexes (107? molar) were dissolved in dry 

mm dimethylformamide and the uev. and visible spectra 

of these solutions recorded on a Perkin-Elmer 137 

spectrophotometer, All showed a strong sinjle absorption 

at 35.7 kK. SteNikolov and eosvorkera © reported that 

the U.V. and visible spectra of some telluriun conplexes of 

diethyldithiocarbonate i.e., Te(ate), and Te(dte)4 have 

strong bands at 32.4 and 36.2 kK. The two ligands have 

Similar arrangements of carbon, sulphur and nitrogen,



sab 

  

Ny a Hi c ne ——— ——— 
is \ \ 
Et § S 

dtc. tts. 

3.4.5 The reaction of other aryltelluriumtrihalides 

with thiazolidine-2-thione. 

The organotelluriun compounds of ColeTecl., CoH, Tear, 

ee rect p- CH CEH, Tebr, 1 P-CoH, OC. Ny Ter, and 

i C- 6's Ce HyteBr, all react ee thiazolidine-2-thione,. 

Most of them give yellow precipitates when the molten 

nethod 216 was used, but when they were reacted with 

thiazolidine=-2=thione in dry methanol, sticky yellow 

compounds formed which could not be recrystallised, 

The i.x. Spectra of these yellow compounds over the range 

4000-250 com> wore examined and shoved a negative shift 

of y (NH), a slight positive shift of thioamide bond 1 and 

positive shift of y (C=8) + 6 (cS). The complexes also 

1 gave new bands on i.r, range 400-200 cm ~, ‘The analyses 

of these compounds were not satisfactory and the compounds 

could not be purified. 

304.7 The reaction of thiazolidine-2-thions with 

thiourea, 

The reaction of molten thiazolidine=2-thione with 

Te(tu),c1, (where tu = thiourea) was also investigated, 

a
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The colour of the mixture changed from yellow to green 

on the addition of the two reactants, The fornula of 

the compound produced could not be obtained because the 

product was impure. 

3.4.8 Pyrrolidine-2-thione complexes of tellurium(IT7). 

The complexes of tellurium(DV) with pyrrolidine-2-thione 

(TBuL) were prepared by direct addition of telluriun 

tetrahalides with the ligand in dry methanol or acetone, 

The precipitate formed immediately. 

The Te(TBuL) cl, complex deconposes after two to three 

days. It is noted that the colour changes from yellow to 

brown and finaliy to black. Presumably elemental telluriun 

is precipitated, The Te(T3uL) Br, complex is stable however. 

Conductivity measurements were obtained on 107M 

solutions the complexes in dry NN dimethylformamide at 20°¢ 

using a Mullard conductivity bridge Type © 7566/3. The 

values of 4 were zero for these compounds. 

U.V. and visible spectra of the complexes wore recorded 

on a Perkin-Elmer 137 spoctrophotometer, after preparing nore 

dilute solutions, Both solutions gave a strong absorption 

in U.V. at 36.7 kK, which agrees with the data found for 

other tellurium sulphur bonded complexes by St, Nikolov and 

45 co-workers: and other complexes reported in Chapter r 

of this thesis.
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Comparisons of infrared and Raman spectra of 

Pyrrolidine-2-thione complexes with tellurium(IV) with those 

of the pyrrolidine-2-thione ligand (tables 3-3/4 and 

fig. 3-6/11 ) have shown that y(cN), y(CS), thioanide YT bands 

were shifted to higher and lower wavenunbers. Also new 

bands are obtained between 292-147 cn71, 

Table 3-3 and figure 34 show (cS) and Y(cCN) have bands 

1113 om~4, 1540 em respectively in pyrrolidine-2-thione, 

which are shifted to lower frequency, vis:- 1095 en? an 

Te(TBuL) cl, complex and 1090 cm7+ in Te(TBub) Br, conplex 

and to higher 1555 em7~ in Te(TBub) cl, and 1575 em? in 

Te(TBuL) , Br, wavenumber reeset valve Therefore, this 

indicates that the tellurium atom in the complexes is 

Sulphur bonded through the thiocarbonyl group. New bands 

are shown in the conplexes at 1352 and 1640 en7+ and the 

band at 1421 em7! in the ligand is altered to 1410 em7+ 

in the complexes, The band od (NH) in the ligand at 790 entt 

is lowered by 60 em™4 in fo CEB a L) cl, or 40 en~) in the 

Te(TBuL) Br, complex. 

New bands between 292-147 on7+ (shown in table 3-4 ana 

fig. 3-11) are noted after elimination of ligand bands. ‘he 

bands due to y(Te-cl), y(Te-S) ana y (Te-Br) are clearly 

visible at 292 en, (230-215) om7} ana 186 en7+ respectively 

in infrared and Raman spectra. The ligand has a strong 

absorption at 335 em7) and that is the region where the 

y (Te-i1) stretching mode would appear, but there is no 

clear evidenco of \) (Te-N) bonding in the complexes,
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Conductivity data suggests a non-ionic species. The 

tellurium aton in Te(TBuL) 5X4 cOnplexes could be six 

co-ordinated with two sulphur donors occupying cis or 

trans positions, and the four halogen atons using the 

remaining four sites. Possible structures are indicated 

    

below = 

x Ss 

Xx s x x 

Te Te 

x N s b ae x 

x Ss 

Te(TBuL) oX4 Po(TBuL)oX4 

whore X = Cl, or Br and two sulphur atons cone fron 

two pyrrolidine=2-thione (TBulL) Lisands. 

304.9 Nellethyl-pyrrolidine=2-thione conplexes of tollurwin(V) 

The tellurium(IV) complexes of if-nethyl-pyrrolidine-2- 

thione were prepared by adding a solution of the ligand to a 

Solution of telluriun tetrahalide in methanol, the precipitate 

was formed immediately, These conpounds deconposed after a few 

weoks. Analyses and spectra were carried out as soon as 

possible, 

The conductivity measuroments were obtained by preparing 
4 

1073 of the conplexes in dry NN dimethylformamide at 20°¢ 

The values of A obtained wore Boro,
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A dilute solution (107?) of the complexes was used 

to record the U.V. and visible spectra and a strong 

absorption in the U.V. at 36.2 kK was found. §t, Nikolov 

and co-workers : found that tellurium-sulphur bonded 

complexes had a similar range of absorption in U,V. 

Sinilar bands were obtained for the diethyldithiocarbamate 

complexes of tellurium(I1) and (IV). 

Comparison of i,r. and Raman spectra of li-methyl- 

pyrrolidine=2-thione complexes of telluriun(IV) with that 

of N-methyl-pyrrolidine-2-thione ligand (tables 5-5/6) 

shows that y(cN) and Y(cCS) are shifted to higher and to 

lower wavenumbers respectively. Also new bands appear 

between 281-185 env}, 

at The band (see table 3-5) at 1120 cm™~ assigned to Y (G3) 

in the ligand is shifted to lower frequencies by 15-28 envt 

in the complexes and also the band at 1535 env assigned to 

y(CN) in the ligand is shifted to higher frequency 1570 envt 

in the complexes, In the N-methyl-pyrrolidine-2-thione 

complexes the bands at 1352 and 1640 en™+ could not be 

found but they were present in the spectra of tho pyrrolidine- 

2-thione complexes. 

In table 3-6 the infrared and Ranan svectra of N-nethyl- 

Pyrrolidine-2-thione complexes are shown, The bands due to 

Y(Te-c1), y(Te-S) and y(Te-Br) are 281, (256-246) en@* ana 

(185-180) en? respectively, <A band at 302 en“ could be 

attributed to ))(Te-) or ligand vibration. It seems nore 

likely that the tellurium in the complexes is co-ordinated 

through the sulphur atom of the thiocarbonyl group.
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The structure of N-methyl-pyrrolidine-2-thione conploxes 

is thus likely to be similar to that of the pyrrolidine-2- 

thione complexes, 

  

Cis, trans, 

ve (Nite Bul) OX 4 Te(uteBubs) o% 4 

where X = Cl or Br and two sulphur atoms fron tro 

N-nethyl-pyrrolidino-2-thione (iffi?tBub) ligands



CHAPTER Iv 

Investigation of the reactions of 

nethyl-3-mercaptopropionate, and 

1, 3 ai (2-pyridyl)-2-thiourea 

with tellurium(IV) compounds.
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461 INTRODUCTION 

It has been pointed out in the introduction of Chapter I, 

IL and I that telluriunm compounds are often stabilised by 

sulphur donor ligands. 

The preparation of a large nunber of compounds containing 

Te=S bonds have been published. These compounds were varied in 

their nature and consist of thiourea, substituted thiourea, 

disubstituted dithio-=oxamides, tetrasubstituted dithio-oxanides, 

heterocyclic compounds, such as thiazolidine-2-thione, 

pyrrolidine=2-thione or Nemethyl-2-pyrrolidine=thione. Clark 

and col1ets?* reported the preparation and vibrational spectra 

of some compounds of telluriun(IL) such as tellurobis-(3- 

mercaptopropionic acid), tellurobis=(2=nercaptopropionic acid). 

In the latter reaction, the thioacid reacts with the tellurite 

ion, as follows ;- 

= 
Ted,” + 4u* 4 2USRCOoH ——pTe2* 4 510 + NOpCRSSRCOoll 

but the reactions involved in the formation of the complex 

are, = 

2HSRCOpH ——+ 2(SRCOoH)” + 2i* 

2+ 4 TEChry 2(SRCOpI) ——> Te(SRC0oH)
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4.1.1 Preparation of starting materials. 

Diaryltelluriumdihalides have been reduced to diaryltellurides 

by a variety of reagents using various procedures as follows: 

Diphenyltelluride was the first member of the diaryl- 
80 

tellurides and Kraff and Lyons prepared this compound in 

1894 by the reaction of elenentary telluriun with ciphenyl- 

mercury. The reaction was as follows:- 

eTe + Cg Hele C gil, — CeH, TeCcH, + HeTe 

81 prepared ditolyltelluride by the reaction of Lederer 

aqueous NaHso, or Nags0; with a solution of ditolyltelluriun= 

dichloride dissolved in hot water or 10 per cent. aqueous 

sodium hydroxide.- 

(CH;CgH4)oTeCly + Mag503 + 2ia0H——>2ilax 4 11,0 + Nap804 + 

  

Cli Cg ig Lecgily 

82 Rohrbaech used metallic sine to reduce diaryltelluriun= 

dihalides to diaryltellurides, In this method bis(z 

  

nethoxy= 

phenyl )telluriundichloride or bis(p-ethoxyphenyl)telluriun 

dichloride was refluxed with gine dust in bensene and the 

di(penethoxyphenyl)telluride or di(p-ethoxyphenyl)tolluride 

were isolated respectively as crystalline solids. 

Morgan and Kellet 39 obtained a 357 per cent. yield of the 

Peanisylderivative from the diaryltelluriun dichloride using 

Rohrbacch's method, but Burstall and Buyden’? reduced sone 

conpounds with sine in glacial acetic acid to give a 

yield of 90 per cont, diaryltelluride,
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84,85 
[organ and Burgess obtained diaryltelluride from the 

reduction of diaryltelluriumdihalide with potassiim 

netabisulphide in aqueous acetone. Also licWhinnie and 

Patel a reduced the bis(p-methoxyphenyl)tel .urium 

dichloride or bis(p-ethoxyphenyl)tellurium dichloride 

to diaryltelluride. They added a saturated aqueous sodiun- 

netabisulphide to a solution of diaryltelluriindichloride 

in benzene and the mixture was stirred for four hours, 

The oxganic layer was separated and washed with distilled 

water. The bengene was renoved by distillation under 

vacuum and the diaryltelluride was obtained. 

Molten NaS. 91,0 at 95 to 100°¢ reduces diaryltellurium 

dihalides (such as bis(p=-methoxyphenyl) tolluriumd@iehloride) 

to diaryltellurides and the molar ratio of haiide to 

sulphide is kept at 1:15 Beste The reduction is described 

by the following equation ;- 

  

(cH, 0¢,H4),TecL + lHa,S§ ——» CH, 0¢ 1 ,Ted,ti,00 
2 2 3 5 

+ 2Nacl + §& 

Diphenyltelluriumdibromide was reduced to diphenyl- 

telluride by lithium aluminium hydride in dioxane at roon 

89 temperature The reduction equation is as below ;- 

2(C,H Ted i ( 6 5.2 ebr, + LLALH, ——~> C,H Tec. +UiBr + 

ALBr., + eH,
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Petragnani and Campos ee obtained di(p-anicyl) or 

di(p-phenatyl)telluride by the reaction of bis(p-anisyi) 

or bis(p-phenatyl)tellurium ditelluride being refluxed for 

four and a half hours in toluene with di(p-axisyl) or 

di(p-phenetyl) tellurium dibromide respectively, They found 

that diarylditelluride did not decompose in boiling xylene 

(bp. 137 to 140°C). The ditelluride was heated without 

Solvent at 250°¢ and the formation of tellurium and diaryl- 

telluride commenced at this temperature, but at or above 

300°¢ a good yield of diaryltelluride was obtained. 

Diphenyltelluride has been prepared by reducing triphenyl- 

6 
telluronium iodide with Nasu 2 accordins to the equation, - 

« I ¢ D + } (CgH.,) Tez + Wash ——> (CoH, ) pte 4 Chee “ales s 

Diarylditelluride was reduced by different aethods. 

Aryltelluriumtrihalides were reduced dy ia,6.9%,0 

R859, or hydrogen sulphide to give diarylditelluride. 

The reaction of Grignard reagents and tclluriundihalides 

Gave ditelluride by-products. 

The reduction of aryltelluriumtrihalides with potassiun 

metabisulphite was used for the preparation of diaryltelluride, 

This method was employed by Morgan and co-workers 39, 40 

Farrar ee Drew 28 and Reichel and Kirschbaun 3 

This preparative method is commonly used for the synthesis of 

ditellurides. p-Methoxyphenyltelluriumtrichloride and p-ethoxy- 

Phenyltelluriumtrichloride have beon reduecd by aqueous Potassium
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netabisulphite in ice water to give a quantitative yleld of 

di(p-nethoxyphenyl)ditelluride and di(p-cthoxyphenyl) - 

ditelluride, 

Also aryltelluriumtrichlorides (such as p-anisyltelluriun- 

trichloride or p=phenetyltelluriumtrichloride) may be reduced by 

molten sodium sulphide in a hydrate form (NaS. 950) at 95 

-100°C for fifteen minutes. Boot 

In the reaction between tellurium dihalides and Grignard 

reagents, snall amounts of ditelluride are detected, as by- 

products, 92,81 

Aryltelluriumtrichlorides are reduced to ditellurides by 

39 hydrazine in an ethanolic medium according to Bergnan 

Diaryltelluride is obtained by reducing diar 

  

dichloride in aqueous ethanol by adding a solution of hydrazine 

39 oe 
dissolved in ethanol and then refluxing, 

The reaction of some other potential lisands (e.¢. 

nethyl~3-mercaptopropionate or 1,3 di(2-pyridyl)-2-thiourea) 

with a number of tellurium(D) compounds (such as, di(p-methoxy- 

Phenyl )telluriumdichloride, di(p-ethoxyphenyl)telluriun- 

dichloride, p-methoxyphenyltelluriumtrichloride, p-ethoxy- 

Phenyltelluriumtrihalide, tellurium tetrachloride and telluriun 

tetrabromide) was also investigated under a variety of 

conditions in the course of the work for this thesis,
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In the course of the reaction with the thio group, it was hoped 

that there would be a liberation of HCl. However, all the 

tellurium compounds used appeared to be strong oxidising 

agents,so the ligand was oxidised, giving a corresponding 

reduction of tellurium(D7) to tellurium(I), as reported for 

other sulphur containing ligands (i.e. thiourea). 

Different products were obtained fron the reaction of 

sone tellurium([TV) compounds with 1,3 di(2-pyridyl)-2-thiourea, 

The reduction products (i.e. (P-CH, OG, 14) ote, 

(p-CH,0GgH4) pTeo, (p-C oH, 0CgH4) Te, and (B= Cols OC gi 4) Teg) 

of the reactions were described and identified from their 

‘ 
melting points, infrared spectra, and H nmr spectra, 

These tellurium compounds varicd in their ox 

  

ising 

capacities. Some oxidised the ligand easily givin; a 

Precipitation of elemental tellurium. Others gave an ill-defined 

yellow precipitates, indicatin; that some reaction had occurred.
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4.2 EXPERIMENTAL 

4,2,1 Preparation of organotellurium compounds. 
  

All organotelluriun compounds (such as, p-nethoxyphenyl- 

tellurium trichloride, p-ethoxyphenyltellurium trichloride, 

bis(p-methoxyphenyl)telluriumdichloride and bis(p- ethoxy - 

Phenyl )telluriumdichloride) were prepared by addition of 

tellurium tetrachloride to anisole or phenetole in chloroform 

or carbon tetrachloride, (Appendix I page 252 ) 

4.2.2 Preparation of 1,3 di(2-pyridyl)-2-thiourca. 
  

18.5 g. of 2-amino-pyridine was dissolved in 50 en? 

of ethanol and then 30 em? of carbondisulphide and 2 g. of 

potassium hydroxide was added, The mixture was refluxed for 

fifty-two hours and 100 en? of water was added whilst the 

mixture was hot, The solution was cooled in an ice bath and 

@ white precipitate was found. This precipitate was filtered off, 

washed with water, and then recrystallised by 60% ethanol and 

white needle crystals were obtained, Yield 7.5 g. 

MsDs 160-161 (14, 161-162"0) 77 

(Found C, 57.30; H, 4.27; N, 23.67; Cy Hy yl4S requires 

C, 570565 H, 4.37; N, 24.33 @



S807 

4,2.3 Reaction of methyl-3-nercaptoproplonate with 

sone tellurium(LV) conpounds. 

Methyl-3-mercaptopropionate was obtained fron Aldrich 

Chemical Co. Inc. 

4.2.3.1 Di (p-methoxyphenyl)telluriumdichloride, 

0.48 g. (4 mmol.) of mothyl-3-mercaptopropionate was 

added to 0.414 g, (1 mmol.) of di(p-methoxyphenyl) telluriun- 

dichloride in a 25 em? flask fitted with a drying tube, The 

diaryltelluriumdichloride was dissolved by the nercapto 

compound at room temperature. The reaction gave a strong 

evolution of hydrochloric acid gas and a light yellow solution 

was obtained. n-Butanol (5 en?) was added to this solution, 

which was then cooled to 0°¢ and white plato crystals were 

given. The crystals were filtered off and dried. Yield 0.30 g. 

Mops 52-53°C (lit. 53-54°c) 7° 

(Found C, 49.52; H, 4.25; Te, 37.143 Cy Hy gn T? requires 

C, 47.90; H, 4.13; Te, 37.35 J 

4.2.3.2 Di(p-ethoxyphenyl)telluriumdichlovide. 
  

Methyl-3-mercaptopropionate (0.45 g, 1 4 mmol.) was added 

to di(p-ethoxyphenyl)telluriumdichloride (0.442 g. : 1 mmol.) 

in a 25 em? flask fitted with a drying tube. The organo- 

tellurium compound was dissolved by thioaliphatic compound 

room temperature, The reaction gave a strong evolution of 

hydrochloric acid gas and a yellow solution was obtained, 

n-Butanol (5 em?) was added to this solution, which was cooled
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to O°c and white needle erystals were found, The crystals 

were filtered off and dried, Yield 0.32 ge. med. 64°C 

(qat. 64°C) 82 

(rouna C, 52.21; H, 4.92; Te, 34.46; Cy gilyg05 Te reauires 

C, 51,95; H, 4,91; Te, 34.52 6] 

4.2.3.3 p-Methoxyphenyltelluriumtrichloride. 

To 0,682 g. (2 mmol.) of p-methoxyphenyltelluriuntrichloride, 

0.72 g. (6 mmol.) of methyl-3-mercaptopropionate was added at 

room temperature, The nixture gave a stronz evolution of 

hydrochloric acid and a brown precipitate was obtained, ‘This 

precipitate was recrystallised in petroleum ether (30-40°C) under 

vacuum to give di(p-methoxyphenyl)ditelluride., Yield 0.25 ¢. 
° ° 86 

MeD. 59 C (14t, 60 Cc) 

{Found C, 35.52; H, 3.12; CF 40st eo requires C, 35.80; 

H, 3.01 % 

  

4.2.3.4 p-Bthoxyphenyltelluriuntrichl 

0.72 g. (6 mmol.) of methyl-3-mercantopropionate was 

added to 0.71 g. (2 mmol.) of p-ethoxyphenyltelluriumtrichloride. 

A strong evolution of hydrochloric gas was given off by tho 

reaction and an orange precipitate was obtained, ‘his 

precipitate was recrystallised in petroleun ether (80-100'¢) 

by vacuum to obtain di(p-ethoxyphenyl)ditelluride. Yield 0.27 Ge 

mp. 108°C (14t, 109°C) 86 

F 73) 687 i 38.61; [Found ¢, 38.73; H, 3.63; CH g0,Tes requires C, 38.61; 

H, 3.65 #
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4.2.4 Reaction of 1,3 di(2-pyridyl)-2-thiourca 

with some telluriun(IV) compounds. 

4,2.4.1 pe-llothoxyphenyltelluriumtrichloride. 

A solution of 1.38 g. (6 mmol.) 1,3 di(2-pyridyl)-2- 

thiourea in 5 om? of dry methanol was added to a solution 

of 0.682 g. (2 mnol,) p-methoxyphenyltelluriumtrichloride 

2 in 5 em”? of dry methanol. A brown precipitate was obtained 

at room temperature and filtered off. This precipitate was 

recrystallised by petroleun ether (30-40°C) which gave a bron 

° : ° 86 
needle crystal. Yield 0.24 g. mp. 55-59 ¢ (lit. 60 Cc) 

(Sound 6) 935.65; Hy sult Cy gly 42 ben requires C, 35.80; 

H, 3.01 % 

4.2.4.2 p-mthoxyphenyltelluriumtrichloride,. 

1.38 g. (6 mmol.) of 1,3 di(2-pyridyl)-2-thioursa in 

3 5 em” of dry methanol was added to 0.71 3. (2 mmol,) of 

P-ethoxyphenyltelluriumtrichloride in 5 en? of dry methanol, 

An orange precipitate was obtained at room temporature and 

filtered off. Petroleum ether (80-100°C) was used to 

recrystalise this precipitate and orange needle crystals 

were obtained, Yield 0.25 g. mep. 108°C (lit. 109°C) 86 

{Found ¢, 38.82; H, 3.72; Cygllyg%Tep xveduires oc, 30.61; 

H, 3.65 #)
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4.2.4.3 Tellurium tetrachloride. 

3 
Tellurium tetrachloride 0.27 g. (1 mmol.) in 5 cm? of 

dry nethanol was added at room temperature to 0.92 ¢. (4 nmol. ) 

% 
of 1,3 di(2-pyridyl)-2-thiourea in 5 em of dry methanol. 

A black precipitate was obtained immediately. 

For identification purposes the black precipitate wos 

filtered off and dissolved in concentrated nitric acid. 

After heating to dryness, the residue obtained was dissolved 

in hydrochloric acid and finally diluted with distilled 

water. This solution was then run through the Atonic 

Adsorption Spectrometer, which found a high percentage of 

tellurium present, 

4,2.4,4 Tellurium tetrabronide. 

0.92 g. (4 mnol.) of 1,3 di(2-pyridyl)-2-thiourea in 

- 5 em’ of dry methanol was added at room temderature to 

0.447 g. (1 mmol.) of tellurium tetrabromide in 5 em? of 

dry methanol, A black precipitate was obtained immediately, 

which was identified by the same procedure as in telluriun 

tetrachloride reaction described, 

4.2.4.5 Tellurium dioxide. 

A solution of 0.92 g. (4 mmol.) of 1,3 di(2-pyridyl)-2- 

thiourea in a mixture of 3 en? of concentrated hydrochloric 

acid and 3 cn? of distilled water, was added to a solution 

of tellurium dioxide 0,32 g, (2 mmol,) also dissolved in
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a mixture of 3 om? of concentrated hydrochloric acid and 

3 on of distilled water. A yellow precipitate formed 

immediately which was filtered off, washed with dry ether 

and dried under vacuum, The formula of the compound produced 

could not be obtained because the product was impure.
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4.3 RESULTS AND DISCUSSION 

The reduction products i.e. diaryltclluride or 

diarylditelluride were formedby the reaction of diaryltellurium 

dichlorides or aryltelluriuntrihalides with methyl-3-mercapto- 

propionate or 1,3 di(2-pyridyl)-2-thiourea. The melting 

points of the reduction products; di(p-methoxyphenyl) telluride, 

ai(p-nethoxyphenyl)ditelluride, di(p-ethoxyphenyl) telluride 

and di(p-ethoxyphenyl)ditelluride; agreed with literature 

82,86, ; 
values. Bois S 2s Also, the isr. spectra agreed with published 

3,55,94 poeetra, 221 

The proton nmr Spectra of sone telluriun compounds have 

been published 2244215 The spectra of the reduction products 

are shown in figures 4-1 to 4-7, 

Methyl-3-mercaptopropionate and 1,3 di(2-pyridyl)-2- 

thiourea were reacted with some telluriun (IDV) compounds, 

When reacting methyl-3-mercaptopropionate with diaryl- 

telluriumdichloride or aryltelluriumtrichloride, tellurium(D) 

was found to be reduced to tellurium(I1) and diaryltelluride 

or diarylditelluride was obtained respectively. 

The reaction gave a strong evolution of gas, and when 

tested with a solution of silver nitrate, a white precipitate 

was found, which proved the evolution to be hydrochloric acid 

Base 

The yield of dtaryltelluride was 87% and diarylditelluride 

93%.
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The reaction of 1,3 di(2-pyridyl)-2-thiourca with aryl- 

telluriuntrichloride or tellurium tetrahalide produced diaryl- 

ditelluride and elemental tellurium respectively, Tellurium(IV) 

was reduced to tellurium(IL) or free telluriua (Te°). The 

yield of diarylditelluride was 50%, 

On comparing the method used (i.e. the reaction of nethyl- 

3Z-mercaptopropionate with diaryltelluriundichloride) for the 

82 
> preparation of diaryltelluride with those of Rohrbaech's 

84,85 35 
Morgan and cosworkers??? 

86-88, 
; 

and the molten MagS.9U50 

method the reaction was carried out at room temperature, 

no solvent was used, and less time was taken. 

On comparing the method used (i.e, the reaction of nethyl- 

3-nercaptoproplonate with aryltelluriumtrichloride) for the 

preparation of diarylditelluride with those of Morgan and 

2 Reichel and Kirschbaun's?’, 

91, : 

co=workers?9?40, Parar's?¢, Drew's 

aT 86 s 5 : 
Reichel's ~, Petragnani's and Vicentini and co workers' 

the reaction was carried out at room temperature and again less 

time was required, 

In the reaction of di(p-methoxyphenyl)telluriundichloride 

or di(p-othoxyphenyl)telluriumdichloride with methyl-3- 

mercaptopropionate, tellurium(IV) was again reduced to 

tellurium(IL) and di(p-methoxyphenyl)telluride or di(p-cthoxy- 

Phenyl)telluride was formed. The reaction for the equation 

may be represented as follows ;=
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0 
ro-< O te c1, + 2HSCH,cH,c*-ocH, ———» 2Hcl + : 2 pclae 3 

i 20 1 1: Es 0 0 re 0 on + CH," =Oclt,cll,SscHycl ,c*-ovll, 

= 13 Where R Ons or Col, 

Di(p-methoxyphenyl)ditelluride or di (p-ethoxyphe nyl)di- 

telluride was obtained by the reaction of p-methoxyphenyl- 

telluriumtrichloride or p-ethoxyphenyltelluriumtrichloride 

with nethyl-3-mercaptopropionate and tellurium(IV) was also 

reduced to tellurium(I), The reaction may be represented by 

the equation 

0 
zak © -re¥er, + GHSCHCH,¢”-OcH,——> 6111 + 

Tar 20 BC re On -Te LL © ons sere -OCN 4 CHySSCHy CHSC OCH, 

Where R = cn, or Cols 

Therefore, methyl-3-mercaptopropionate reduced tellurium(Ly) 

to tellurium(IZ) and then became oxidised to formanidiniun 

disulphide,
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When using a 1,3 di (2-pyridyl)-2-thiourea model the 

following configurations were obtained :~ 

2050 
(A) (B) 

  

n 

  

(c) (D) 

Di(p-methoxyphenyl)ditelluride or di(p-ethoxyphe nyl)- 

ditelluride was obtained from the reaction of p-nethoxyphenyl- 

telluriumtrichloride or p-ethoxyphenyltelluriumtrichloride 

with 1,3 di(2-pyridyl)-2-thiourea; and tellurium(D) was 

subsequently reduced to tellurium(I1). The reaction equation 

is as follows ;-
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i s as 

wy | 210X 0 )-ne CL. 46 | ¢ uke Ee OCL 
2 NS S 

y7 Sy 7 Sr 
H H 

Eq H ++ 

~y7 ~* x ee O) 

Where R = CHeor Col 5 

Free tellurium was obtained by reaction of telluriun 

tetrachloride or tellurium tetrabronide according to equation; - 

  
Where X =< Cl or Br
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Diaryltellurides [ai(p-methoxyphenyl)telluride and 

ai (p-ethoxyphenyl) telluride] and diarylditellurides 

(at (p-mothoxyphenyl)ditelluride and di(p-ethoxyphe ayl)- 

ditelluride) were also characterised by their H nnr and i.r. 

spectra, 

Some low frequency bands of diaryltelluriumdichloride and 

diaryltelluride have been reported by IlcWhinnie and Patel 99 

The range assigned in their paber for y (Te-c1) in 

ai (p-methoxyphenyl)telluriumdichloride and di(p-ethoxyphenyl)- 

telluriumdichloride were 271-247 en7? ana 274-263 em72 

respectively. 

On examination of di(p-methoxyphenyl)telluride and 

di(p-ethoxyphenyl)telluride (the products of diaryltelluride) 

x and on the i.r. spectrophotometer, the bands at 271-247 em 

274-263 en=! due to Y(Te=CL) in di(p-methoxyphenyl)telluriun- 

dichloride and di(p-ethoxyphenyl)telluriumdichloride 

respectively were absent in diaryltelluride. 

McWhinnie and Thavornyutikarn o19* reported the i,r. and 

Raman spectra of some aryltelluriumtrihalides and diaryldi- 

tellurides. The bands at 323-295 em=+ ana 334-298 en=+ are 

due to Y(Te-C1) in p=methoxyphenyltelluriumtrichloride and 

peethoxyphenyltelluriumtrichloride respectively, The bands 

at 184-156 cm™+ ana 186 en) are said to be due to V(Te-Te) 

in di(p-methoxyphenyl)ditelluride and di(p-ethoxyphenyl)di- 

telluride respectively.
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On examination of the suspected di(p-aethoxyphenyl)di- 

telluride and di(p-ethoxyphenyl)ditelluride by vibrational 

1 ana 186 cm™+ were shown analysis, new bands at 184-156 cn™ 

respectively. These bands agree with the results obtained 

by McYhinnile and mhevyornvurikern? 2!" and are due to J (Te-Te). 

1 a 
The H nmr spectra were measured at 100 MHZ and 60 NHZ for 

the cpe1, or CCl, solution with a Varian R10 instrument 

(tetramethyl silanes (TMs) internal standard). 

The I nmr spectra of nethyl-3-mercaptopropionate was 

measured at 60 NHZ far the CCl, solution, and this is shown in 

figure 4-1, This spectra shows a triplet for the HS group 

at 8.2T, a quartet for the Cl, group at 7.30 T anda 

singlet for the ons group at 6.377 

Figures 4-2/3/4 show the proton nmr spectra of 

di(p-methoxyphenyl)telluride, di(p-methoxyphenyl )ditelluride 

and di(p-methoxyphenyl)telluriumdichloride in cel, or Cpel re 

The proton nmr spectra of these conpounds show the centre of 

resonance for the singlet from the nethyl group, the doublet 

for two orthoprotons, and the doublet for two neta-protons 

as indicated by the following :-
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Compounds Ast 3.t 

di (p-methoxyphenyl )telluride 6.22 3655 

di (p-methoxyphenyl)ditelluride 6.27 Fe5O 

di (p-methox yphenyl)tellurium- 6.70 4,06 

dichloride 

Where A = singlet of the methyl group 

B = doublet of the orthoprotons 

@ = doublet for two metaprotons 

De)
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» >
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wn
 

The proton nmr spectra of di(p-ethoxyphenyl)telluride, 

di(p-ethoxyphenyl)ditelluride and di(p-ethoxyphenyl)telluriun 

dichloride are shown in figures 4-5/6/7 also the centre of 

resonance for the triplet from the methyl group (ratio 1;2;1) 

‘the quartet from the methylene (ratio 1;2:2:1), the doublet 

for the two protons at the ortho positions (relative to the 

ethoxy group ratio 1:1) and the doublet for the two meta 

Protons (ratio 1:1) are as follows ;- 

Compounds Ast 3t Cut 

di(p-ethoxyphenyl) telluride 8.45 Deo ee aed 

di (p-ethoxyphenyl)ditelluride OOo 5695 3425 

ai (p-ethoxyphenyl) tel Lurium- 8.73 6.58 4,12 

dichloride 

2035 

2035 

3230 

Where A = the triplet from the methyl group 

B- the quartet from the methylene 

C = the doublet from the two protons 

D- the doublet for the two meta protons
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The melting points, infrared and proton nmr spectra 

all indicate that the products from the reaction of 

methyl-3-nerca pto propionate with diaryltelluriundichloride 

or aryltolluriumtrichloride were diaryltelluride or diaryl- 

ditelluride respectively: and from the reaction of 1,3 di(2- 

pyridyl)-2=<thiourea with aryltelluriuntrichloride was 

diarylditelluride,.



Chenistry of seleniun conpounds. 
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Fel INTRODUCTION 

Sebel Chemistry of Seleniun 

Seleniun belongs to groups VIB of the Periodic Table 

and is located between sulphur and tellurium. Selenium has 

the clectron configuration 1s@ 282 2° 382 3° 5a-9 452 4n* 

and the outer electron shell is 452 4p*, It has six electrons 

in the valency shell, and only needs two nore to form the 

noble gas octet structure. Also accordingly it is hardly 

Surprising that its chemistry shows a narked non-metallic 

chemistry. Chemically selenium is similar to sulphur and 

also to some extent tellurium and exhibits both metallic and 

predominatly non-metallic characteristics, 

Selenium may be found in several allotropic forms?” 

(ring-chain equilibrium, amorphous selenium («-=seleniun), 

and crystalline sclenium), and has a ring-chain equilibrium 

similar to that of sulphur. All of these are stable at roon 

temperature. Selenium can also form on a molecular level, 

Se, Sen, Sey, Seg, Seg and Se, aghvanavea’’ Only Seg and Se, 

polymeric chains are known to exist at room epee Cuma 

At high temperatures the eQuilibrium shifts towards chains of 

up to 10,000 selenium atoms, and it is possible to oxtract 

Se, rings with carbon disulphide from these large yolymeric 

chains, hie has shown that at 120°¢, 55% soluble 

Seleniun (Seg rings) was extracted, whilst at 650°C only 149 

was extracted, proving that at higher temperature less selenium 

is obtained,
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Amorphous selenium's (e&sselenium) behavior is very 

Similar to that of organic glasses. Selenium is a free-flowing 

liquid at above 230°C. piespueee’” shows amorphous seleniun 

rings change to a hard brittle glass below 31°C. Nowever, 

above 51°C and below 230°C, selenium had a vitreous forn, 

and above 230°C a liquid forn. 

Colloidal selenium (a particulate forn of amorphous selen- 

ium) can be prepared by reducing cold aqueous solution of 

selenious acid with hydrazine, sulphur dioxide, hydrogen 

Selenide etc. Colloidal hexagonal seleniun eyes 

were found after heating the colloidal amorphous seleniun 

above 60°C, 

Crystalline selenium has three forms %-monoclinic 

RB emonoclinic and hexagonal (trigonal). TheX-monoclinic and 

B-monoclinic forms of selenium are red and dark red respect- 

ively, and are composed of Se, rings. The hexagonal form 

consists of helical Se, chains, and are referred to as 

AB-selonium or grey selenium, 

  

the structure of Seg rings
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long helical chains of selenium 

atoms in Se, 

Primary oxidation states of selenium are -2, 0,+2,+4, 

and+6 as shown below ;:- 

  

  

    

Oxidation Example: Structure; 
State; 

6 Serg Regular Octahedron (04) 

+4 Secly Distorted tetrahdron due to 

inert pair effect probably 

producing trigonal bi- 

Pyranid. 

+2 Se(S 0463) 5 Few simple 

bivalent seleniun 

-2 HpSe Expect linear shape 

(bond angle 91°)       

The chemistry of organoseleniun 

in several text books 
2 
$718 teen ee 

discussed here and in Chapter VI. 

compounds has been reviewod 

important compounds are
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Organoselenium compounds generally contain selenium in 

the oxidation state 2 or 4 and the main types are 

selenols (Rse= H), selenocyanates (rSe CN), selenides (RSeZ Ri, 

diselenides (RSeSeR), and organoselenium-halides (organoselen- 

ium mono-halides (RSeZ x), organoselenium dihalides (n,8e™ x.) 

and organoselenium trihalides (Rse™ X5). There are also large 

numbers of selenium analogues of compounds such as aldehydes, 

ketones, and carboxylic acids, 

Salve Selenols, 

Aliphatic selenols which are known by the nane of 

selenomercaptans are selenium analogs of alcohols and thiols, 

Hisietbee reported the first synthesis of a selenol in 

1847 by distilling a mixture of potassium selenide and 

potassium ethyl sulphate to give ethaneselenol. Wdohler and 

‘pense prepared methaneselenol by reacting dimethylsulphate 

and potassium selenide as shown in theequation below, = 

(CH; ) 080, + 2KHSe ———> 2ClizSeH + Kps0y 

Selenols may also be prepared by the use of a Grignard 

reagent but this method is more satisfactory for the production of 

aromatic selenols than that of aliphatic selenols. Kraff and 

Lyons ate prepared the first aromatic selenols (benzeneselenol 

and phenylselenol) in 1894, Mailhe and woe reported that 

the cyclohexylmagnesium chloride reacts with seleniun in 

anhydrous ether to yield an intermediate containing-seleniun 

which on hydrolysis gave cyclohexaneselenol, as indicated by 

following equation ;4-
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{ yMgCl + Se ———> Cans 2 > SeH 
tur 

105 106 
Tabourg and Wuyts & Cosyns discovered the 

reaction of elenental selenium with aromatic Grignard reagents, 

as in the following equation :- 

Co nes + Se ———> Co) soues 7 ee SeH 
tH 

Also aliphatic selenols can be prepared from alkyl 

107 108 109 
halides » Selenocyanates » Selenopseudourca 

110 
and by the reduction of diselenide » 8S shown in the 

equations 3- 

RX + HSe~ ————> RSeH + X7 

cnt cx 
CH) SeCN A \ Sse 

Hy0 0 

uy* 

NY 
a LiALH y 

RSe-C-lHy —-——> RSeSeR ———> 2RSell 

2Na (yt 
(R8e-) ——> 2RSeNa ———» 2RSell 

Lig. NH, 

Aromatic selenols can also be prepared from aryllithiun 
az1 

conpounds by reduction of diselenides a and seleno- 

cyanates as follows;-
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Et,0 Hy0 
ArLi + Se ————> ArSeLi ———> ArSeH + LiOli 

( (1) Wa 
C.8.Se=), ——__—__-_> | | Sd Hagel 6°5 do Cpls O 6°5 

(2) te" 

an 
ArsecN ——————— ArSeH 

{x]* 

51d Arylselenocyanates 

Bauer +22 in 1913 reported the first method for the 

preparation of phenylselenocyanate and substituted phenyl- 

selenocyanate by using a Sandmeyer type reaction in which 

selenocyanate ion is added to a diazolised arylamine;- 

+ secné 
NHy + HNO, ————> Oo oo oO Secl + 

Ny 

Selenocyanates provide a convenient starting material 

from which trihalide may be obtained, 

5 el e4 Diarylselenide 

Diarylselenides may be prepared by the reaction of 

aromatic ethers with selenium oxychloride in anhydrous ether, 
113 

forming first the diarylselenium dichloride ue which may 

then be reduced by powdered zinc to give the corresponding 

Selenide ;3-
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-H,0 
mofo») + seoc, 2 oo Lo Yyoenn, ee 

Zn 

Ro <0 {0 yo 

51.5 Diaryldiselenide 

Generally, dialkyldiselenides are yellow/orange oils, 

but diaryldiselenides are yellow solids. Diselenides can be 

Prepared by, air oxidation of selenols, or fron selenocyanates. 

The most important method of obtaining diselenide is by 

alkaline hydrolysis of selenocyanates, The mechanism for this 

reaction is not clear-cut but Challenger et al a suggested 

that selenols are possibly the initial products of the 

hydrolysis, =< 

2ArSeCN + H,0 ————— > 2ArSeH + 2HCNO 

to] 
2ArSeH =———> (ArSe-) + H,0 

Another likely mechanism for the preparation of diselonide 

by alkaline hydrolysis of Selenocyanate is one in which a 

selenenic acid is the intermediate product, as shown in the 

Scheme below ja? 

RSeCN + H50 ———> RSeOH + HON 

RSeOH + RSeCN ———_-» (RSe=) + HCNO
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5166 Arylselenium monohalides 

The organoselenium monohalides (organoseleneyl halides) 

are generally solids and the chlorides are colourless/yellow 

but bromides are yellow to intense red. These compounds nay 

be prepared by addition of halogen to a diselenide using 

116-120 
chloroform as a solvent as indicated below 1:- 

————> 2RSeBr (RSe-), + Bry 

When organoselenium trihalides are heated or reduced under 

121-125 
pressure, seleneyl halides and halogen were found 

RSeX = _ RSeX +X 
3 2 

Seleneyl halide was obtained when treating aromatic 

6 
Selenocyanates with bromine in dry chloroform. te 

ArsSeCN + Bro ——> ArSeBr + BrceN 

Sale Diarylselenium dihalides 

Organoselenium dihalides as mentioned previously 

may be prepared by reacting selenium oxychloride with an 

aromatic compound in diethylether at room temperature for 

alls 
five days: 3y 227, 128 

anhydrous de 
2 ro O #560015 ———— > hO £5 O or 

ether \ cl
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56168 Arylselenium trihalides 

Organoselenium trihalides are obtained by the reaction 

of a selenol, diselenide or arylselenocyanate with halogen, 

This reaction can also produce monohalides depending upon the 

123,126 
ratios of the reactants employed. 

2 CoH, Sell + 2Bro ey, 2CcH, SeBr + 2HBr 

Cel, SeSeCgue + Br, ——> 2c gH, SeBr 

Cgi5Secn * Bro ——{_»» CoHoSeBr + Bren 

Cote Sear + Bro > Ugh seBrs 

132 
Nelson et al found that sclenium tetrachloride 

reacts with ethers of salicylic acid in the absence of any 

solvent, to form arylseleniuntrichloride. This reaction 

involves the hydrogen para from the hydroxyl group oe 

OH oO OH 
“ a 

C-OR C-OR 

a Secl, es 4» HEL 

SoCls 

Although in the presence of anhydrous aluminiun trichloride, 

benzene reacts with selenium tetrachloride and gives a 
, 133 

moderate yield of diphenylselenide a higher molecular 
13 

ratio of benzene results in triphenylselenoniun chlowtaes? 17 

ALCL, . 
3 + SeC1, —__+_+ ( ) ge Cl” + 3HC1 

Lewis 

acid
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5109 The structure of some organoseleniun compounds. 
  

The crystal structures of diphenylseleniumdichloride, 

diphenylseleniumdibromide, di-p-tolylseleniumdichloride and 

di-p-tolylseleniumdibromide were investigated by McCullough 
129,150,153 

and co-workers The structure of diphenylselcnium= 

dibromide has been shown to be orthorhombic bipyramidal, The 

dichloride has eight molecules per unit, whilst the dibromide 

has only four, The crystal structure of the di-p-tolyl- 

seleniumdichloride shows that there are two molecules per unit 

cell we The molecular structure of all these diarylseleniun 

dihalides is a slightly distorted trigonal bipyramid, with a 

selenium atom at the centre, halogen atoms at the apices and 

two phenyl or p-tolyl groups plus an unshared pair of electrons 

in the equatorial positions. 

The structures of diphenylseleniumdihalide, are shown 

below := 

Br cL 

Ph Ph 

x ° 1.91 £0.03 2.30 2 

110 ( se) 18043 se) 18 0t5 

Ph Ph 

Br CL
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The structures of di-p-tolylseleniumdihalide, are shown 

below 1- 
Br C 

R 

a 1, 93-0, 03 “2.3840. 02 
1.9520, 03 + 2.5220,02 

10321 (se ) 27781 Se 177.541 

/| 
The bond distances found in diphenylseleniumdihalide 

cl 

and di-p-tolylseleniumdihalide were Se-Br and Se-Cl which 

are larger than the sum of the covalent radii and the 

molecular synnetry is Coys 

Lou. 
Wynne and George have reported the structure of 

arylseleniumtrihalide and suggested that methylsoleniun- 

trichloride is dimeric ( see below ) in methylene chloride, 

cl cl 

HzC~-Se. Se-CH
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501.10 Stereochemistry, 

A few organoselenium compounds have been exanined by 

129,153,157,172.171 
"X' ray analyses and the stereochenistries 

of the donor atom reported. 

Considering the number of lone pairs and number of 

bond pairs it is possible that the stereocheristry of 

selenium(II) and selenium(IV) may be predicted. fhe synuetry 

of molecules for seleniun(II) (two lone pairs, two bond pairs) 

or selenium(IV) (one lone pair and four bond pairs) may be 
ra 168 

postulated as Co or Coys Hendra and Park interpreted 

the spectroscopic data for Selo and Seo 8rg based on 

50 
assignments for Co symmetry, but Hayward and Hendra a 

Suggested that selenium tetrachloride and selenium tetrabronide 

157 
have a Coy covalent structure. Wynne and co-workers 

reported dibromo(tetramethylthiourea) selenium(II) to have a 

169 SL GO: 
Coy symnetry. Greenwood & Strughan and Hendra & Jovic 

Suggested that (seBrg)?7 anion is octahedral but they 

do not agree fully on the assignments. 

5elell Vibrational spectra. 

154 : ; 
Horn and Paetzold have discussed the infrared and 

Raman spectra of some organoselenium compounds such as 

(cgHs )o Se(NOz)o, (GgH, )oSe(CH5C0)o, (Cgits )p8e(CP;C0>), 

and (CgH.; )9Se(Ci,80;) 5. All of these compounds also possess 

a distorted W trigonal bipyramidal structure (nolecular) 

synmetry Coy)e The bands which are associated with the 

vibrations of the phenyl groups were also assigned.
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156 
Wynne & George have reported the infrared and 

Raman spectra of dimethylseleniumdihalides and bands at 293 

and 270 em@+ for (CH, )p8eCl, were assigned to ) (se-Cl). 

The infrared and Raman spectra of sone dialkyl and 

162-16 165,166 
diaryldiselenides, : : alkyl and Pe vieevenccyana ten 

152,154,156 
diaryl and dialkylseleniumdihalides seleno bis- 

ah 
(2-mercaptoisobutyric acid), a@ichloro and dibromo (tetra- 

At 
methylthiourea)selenium(II) selenium tetrabromide, 

50 168 
selenium tetrachloride Se,Clo, Se,Br, and anions 

a LOOP LTO i 
(seBrg )* 917 have been reported, 

It is not surprising that Raman spectra of compounds 

containing Se-Br bonds are particularly intense as the most 

abundant isotopes of selenium are 78(25.52%) and 80(49,827) 

and bromine 79(50.53%) and 81(49,47%) and therefore the 

fundamental vibrations are associated with atoms of nearly 

equal mass. The red colour of arylseleniumtribronide is 

presumed to originate from elemental bromine as the colour 

is similar, 

In this chapter, the far infrared and Raman spectra of 

diarylseleniumdichlorides (such as diphenylseleniumdichloride, 

di (p-methoxyphenyl)seleniumdichloride and di(p-ethoxyphenyl)- 

seleniumdichloride) which have not previously been reported 

in detail has been investigated. The spectra were examined 

during the course of this work and are given in table 5-4 

The assignments are based on the published data for the
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155 
analogous tin and tellurium compounds, such as (CoH )pSnC1, 

55 
and (Cg) Tel, which are said to have similar 

structures, 

McWhinnie and Thavornyutikarn 33 have reported the 

infrared and Raman spectra of phenyltelluriumtrihalides and 

suggest that the compounds are associated to some degree. 

The infrared and Raman spectra of data for the corresponding 

arylseleniumtrihalides has not been reported. Vibrational 

analysis of arylseleniumtribromide (such as phenylseleniun- 

tribronide, p-chlorophenylseleniumtribronide, p-bromophenyl- 

sSeleniumtribromide and p-tolylseleniumtribronide) was investigated 

during the course of this work, and is reported in this Chapter, 

These compounds were found to deconpose by the beam of 

an infrared spectrophotometer range 4000-250 en7=, but when 

using an interferometer, satisfactory spectra were obtained. 

Arylseleniumtribronides, were ultimately decomposed by long 

exposure to the laser beam of the Raman spectrometer but 

good spectra were obtained initially, Since arylseleniun- 

tribromides decompose on storing, the infrared spectra were 

recorded immediately and the Raman spectra were carried out 

within twenty-four hours. 

Analytical data for freshly prepared arylseleniuntri- 

bromides were obtained and gave satisfactory results 

(see table 5-6),
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542 EXPERIMENTAL 

Denel Preparation of tetraphenyllead (CoH, ) 4Pb 
  

Tetraphenyllead was prepared using the mothod due to 

136 
Setzer et al Z To a stirred solution of phenylmagnesiun 

bromide (0.5 mol.) in 150 en? of dry diethylether, 150 en? 

of dry toluene was added followed by 60 g. (0,22 mol.) of 

finely ground lead dichloride added in small portions. The 

mixture was refluxed for six hours and hydrolysed with a 

erushed ice-hydrochloric acid mixture. The organic layer 

was Separated and the aqueous layer separated off. The 

latter was extracted with chloroform in a soxhlet extractor 

and then the solution obtained evaporated under vacuum which 

gave 11.5 g. of tetraphenyllead when recrystallised from 

chloroforn. m.p. 225-226°¢C (lit. 225-226°c) 136,137 

[Found ¢, 55.10; H, 3.78; CogNogPb veduires C, 55.9; 

H, 3.88 %] 

Deewe Preparation of triphenylleadchloride (CgHs ),PbC1 

  

To a boiling solution of 12 g. tetraphenyllead in 

130 en? of chloroform, dry hydrogen chloride (in vapour forn) 

was passed for fifty-five minutes, A sxall amount of diphenyl- 

loaddichloride which formed was filtered off. The filtrate 

was evaporated to dryness and the residue obtained was then 

crystallised from absolute alcohol, Triphenylleadchloride 

(940 ge) mas obtained. mp. 204-205%¢ (1it. 205°) °° 

[Found c, 45.82; H, 3.27; Cy gi, PCr requires C, 46,56 

H, 3.39 %)
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5.203 Preparation of organoselenium compounds. 
  

5.2.3.1 Preparation of diphenylseleniumdichloride (Cg) ,SeCl, 

Diphenylseleniumdichloride was prepared by two methods 

as described below :- 

lst Method ; Reaction of seleniumtetrachloride and tetra- 

phenyllead,. 

4.4 g. (0,02 mol.) selenium-tetrachloride and 10.3 g. 

(0.02 mol,) tetraphenyllead in a total volume of 80 em? 

toluene or benzene were heated under reflux for six hours, 

The hot reaction mixture and the filtrate evaporated under 

vacuum to about 15 em. This red coloured solution was allowed 

to cool in a refrigerator for two days when yellow crystals 

were obtained which were then recrystallised twice fron 

benzene. Yield 35% .Improved yields of 50% were subsequently 

obtained, by reaction in the cold over fourteen hours, followed 

by evaporation after removal of the diphenylleaddichloride. 
13 

mop. 177°C. (it. 178°C) ee 

[Found C, 47.95; H, 3.42; Se, 26.07; Cy lly Selly requires 

C, 47.72; H, 3.28; Se, 25.98 4] 

2nd Method ; Reaction of seleniumtetrachloride and triphenyl- 

leadchloride, 

4.4 g. (0.02 mol.) soleniumtetrachloride and 9.4 ¢. 

(0.02 mol,) triphenylleadchloride in a total volume of 100 en? 

toluene were heated under reflux for six hours, ‘The
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precipitated diphenylleaddichloride was filtered off fron the 

hot reaction mixture and the filtrate was evaporated under 

vacuum to about 15 em>, After tio days in a refrigerator 

yellow erystals formed which were recrystallised from bensene 

Yield 208 nips 178°C (14t, 178°c) 2? 

[Found ¢, 48.333 Hy 3250; Se, 26.09; Cy plly Sell, requires 

C, 47.721 Hy 3.28; Se, 25.98 2] 

5420502. Preparation of di(p=nothoxyphenyl)scleniun 
  

dichloride (p-CH,0CgH,).SeCl>. 
ee ee 

Selenium tetrachloride 11.25 g. (0.1 nol.) was added 

40 21.6 ge (0.2 mol.) of anisole contained in 2 100 en? 

flask fitted with a drying tube, Owing to the exothermic 

nature of the reaction, and strong evolution of hydrochloric 

acid gas, the contents were cooled in an ice bath for 

forty-five minutes and finally left at room tenperature 

overnight or for twenty=six hours, The yellow-orange crystals 

which formed in the dark-red coloured liquid were filtered off 

and washed with a little dry diethylether, The dried crystals 

were dissolved in the smallest possible volune of dry 

chloroform, reprecipitated by addition of dry diethylether, 

filtered off and dried in a vacuum dessicator, Yield 45° 

nope 163°C (1445 163°0) *7° 

[round Cc, 46.19; H, 4.03; se, 21.86; Cy 4H, 40,8ec4 

C, 46.30; H, 3.87; se, 21.70 6] 

2 requires
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5.20363 Preparation of di(p-ethoxyphenyl )seloniumdichloride 

(p=CoHs 0CgH4) pSeClp. 

Selenium tetrachloride 11.25 g. (0.1 mol.) was added 

to 24.4 g. (0,2 mol.) of phenetole contained in a 100 cn? 

flask fitted with a drying tube. Using the same procedure 

as for the preparation of di(p-methoxyphenyl)seleniumdichloride 

di (p-ethoxyphenyl) seleniumdichloride wos obtained. 

Yield 67% mp. 139°C (lit. 139°C) Pe 

[Found C, 48.84; H, 4.64; Se, 20,18; Cy gy, Secl requires 
2 2 

C, 49,00; H, 4.60; Se, 20.16 #] 

542.4 Determination of selenium by titration method. 
  

All selenium compounds were analysed for their selenium 

content, 100-130 mg. of each compound was dissolved in ary 

methanol and 2 g, of potassium iodide and 2 en? of 4M 15504 

were added, The liberated iodine was treated with a standard 

145,146 
solution of sodium thiosulphate. ae 

The reactions involved are ;:- 

(CgH,) Sec, OE a ee cee (Cg, )o8e * 2c1- 

Clamps, Seon alee Se Ty 
  

(Cel, )pSe0l, + 21° ——__» (gH, ),8e +I, + 2¢17 

al, + 2Na8,0, ——> 2NaI + Nao 40¢ 

oe (cgit,) Secl, = 2Na,8,05



here: 2 

hence 1,0 cn? of 

selenium content 

table 5=1 
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litres 1M Nap850; reacts with 1Se 

litres 1M Naj$,0z reacts with 18.96 @.Se 

  

  

  

78.96 
litre 1M Na,8,0, reacts with Se Bn3°3 2 

78.96 
cm? of 1M Naj850, reacts with g.Se 

2000 

78.96 
en? of 0.1i Waj850, reacts with g.Se 

20000 

0.1M Nap8p0z reacts with 3.948 ng,See ‘The 

in diarylseleniumdichlorides are shown in 

The same procedure may be used for determining the 

selenium content 

involved are :- 

aRSeBrs + Gre 

in arylseleniumtribromides. The reactions 

———> RSeSeR + 6Br + 31, 

where R = CoH. p-Brephy, P-CLC gH, or Po CH CeHy 

also,- 

2cgleseBr, + Cire Og SeSeC cH, + 6Br™ 

617 = 6°   

  

2CgiSeBrs + 6r> ——__— CelsSeseccls + 6Br7 + 315 

315 + 6Na,850 

“ 205i, 

eats 

SeBr 

SeBr. 

Cir Sree 6Nal + 31a58 406 

= 6Na,8,0 
3 oes 

= 3Na,8,0 
S 223



here 3 

als 

hence 0.1 cm? of 

selenium content 

table 5=2, 
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litres 1M Nay$ 05 reacts with 1lSe 

litres 1M Na,S,0, reacts ‘ith 78.96 g.Se 

  

  

2 e3 

78.96 
litre 1M Na,§8,0, reacts with g.Se pues = 

78.96 
em? of 1M Nap850; reacts with e.Se 

3000 

78.96 
en? of 0.1M Na,S,0, reacts with BPD °3 &Se   

30000 

O.1M NagS 505 reacts with 2.632 mg.Se. The 

in arylseleniumtribromides are shown in 

M 
The 0.1M sodium thiosulphate was standardised by €o9 

"“Analar" potassium iodate,
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TABLE 5-1 

Determination of selenium content in diarylseleniumdichloride by 

titration method. 

  

  

  

Vol. of 0.1M 4 4 
Nae,S,0 wt. of sample| Se Se 

Compounds aie 2 in mg. found calc. 
needs (cm~) 

(CcH,),Sec1, & TOP 106.0 26.07 25.98 

(C-H,),Sec1, » 7.60 115.0 26.09 25.98 655/2ee re 

C,H,),Secl, ° 7.30 110.4 26.11 25,98 65/25 

a (cH,0CH, )SeC1, 5.80 104.7 21.86 21.70 

(CH,0C,H,),Sec1,, ° 5.90 106.3 21.91 21.70 36°82" 12 
f£ (0,H,00,H,),SeC1., 6.10 119.5 20.18 20.16 

& (08,001, )SeC1., 5.90 115.2 20.22 20.16         

+ a. Reaction of (CGH, ),Pb SeCl, 

Pbcl + SeCl b. Reaction of (CoH, ) 5 4 

c. Reaction of (CoH, ) Se + nitric acid and hydrochloric . 

d. Reaction of anisole + Secl, 

e. Reaction of anisole + Se0Cl, 

£. Reaction of phenetole + SeCl, 

&+ Reaction of phenetole + Se0C1, 

* Each 1 om? O.1M of Naz8503 reacts with 3.948 mg. Se. 
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TABLE 5-2 

Determination of selenium content in arylseleniumtribromide by 

titration method. 

  

Vol. of 0.1M 

  

  

Na,S,0 wt. of sample | Se % Se % 
Vom uenee pee) in mg. found | cale. 

om, 

* 
22.10 20.09 | 19.96 

Och Sebr, 1.68 

p-Br0;H, SeBr, 1.61 25.10 16.84 16.67 

p-C1C,H,SeBr, 1.87 26.30 18.73 18.36 

P-CH,C,H,SeBr, 1.89 26.30 18.91} 19.27         
  

3 *each 1 om 0.1M of Na,S,0 
3 

reacts with 2.632 mg. Se. 
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Died) DISCUSSION 

543k Diarylseleniumdichloride, 

Similar synthetic routes for the preparation of diaryl- 
a Z 

selenium and diaryltellurium compounds are known0? 991213, 146,147 

The routes to diarylseleniumdihalide are reviewed here. 

Bengene is known to react with Secly in the presence of 

anhydrous aluminium(IM)chloride giving a moderate yield of 

diphenylselenide 135 » but using a Lewis acid such as 

lel, and higher ratios of benzene results in the formation 

of triphenylselenoniumchloride (Cgits ), se*c1~ 

ALCL; . 
CgHg + SeCl, ———»> (Cit, )38e Glo 4s SHC. 

A yield of 60% (og; ),Tecl was given by a molecular 

ratio of 3/1 Alc1;/Tecly using an analosuous method by 

Giither and co-workers M48 Diphenyltelluriumdichloride (45%) 

and phenyltelluriumtrichloride (17%) were isolated when a 

lower ratio of 2/1, AlC1;/Tecly was used, 

AlCl; 
Cells + TeCly aay CgH,Tecl, + HCL 

AlCl; 
Cglg + CgH,Tecl, ——“» (CgHs )TeCl, + HCL 

ALCL, pole 
Cog + (cH) TeCl, ——> (gH, ),Te ¢l- pHow 

The presence of Lewis acids are essential when reacting 

Coleg and TeCly except when certain activating substituents X 

148,150 
(where X = RO, HO, RAN, RS) are eeesetee hots Tecl 

2 4



= 203 = 

X gives a nixture of products, 

— i> 
In the reaction of sclenium oxychloride with an aromatic 

with gil, 

Xo) tec 

  

compound using anhydrous ether media, at room temperature, a 

para activating substituent must be present in the aromatic 

compounds, 127,128 

Anhydrous 
rox O + Se0cl, —————-> Ro oa 

ether 

(5 days) 

25. 
Morgan and Burstall reported that the reaction of 

Selenium oxychloride with an aromatic compound (such as phenol) 

in anhydrous ether or chloroform gives triarylsclenoniumchloride. 

Ether or ~ 
HO + Se0Cl, ———_ (HO yy Se cle 

2 Chloroforn o 3 

132 . 
found that selenium tetra- Nelson and co-workers 

chloride reacts with esters of salicylic acid (in the absence 

of solvent) and forms arylseleniumtrichloride,
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OH 

cooR COOR 

+ SeCly —__ 0) + HCL 

Sel 

OH 

The possible reaction of selenium tetrachloride with 

aromatic ethers has not previously been reported. However, 

it has been found in the work reported here that anisole and 

phenetole will react over twenty-six hours with seleniun tetra- 

chloride (in the absence of solvent) and gives good yields of 

bis(p-methoxyphenyl)seleniumdichloride and bis(p-ethoxyphenyl)- 

seleniumdichloride under controlled conditions. 72 

sn 0» + Setly ——+fro < © »), SeCl, + 2H01 

3% 
Pant described the reaction of aryllead compounds 

with tellurium tetrachloride, as in theequation below;- 

Toluene 
(Celis) 4Pb + TeCly ———_>» (C65) pTecl, + (Cglis )oPbUly 

In the analoguous reaction of selenium totrachloride 

with an aryllead compound, the product obtained was diaryl- 

seleniumdichloride:- 

Toluene 
(gis) 4Pb + Secly ———-> ((glI5) pSeC1, + (CgH5) pPbCl, 

A 90% yield of phenyltelluriumtrichloride was obtained 

by reacting triphenylleadchloride with tellurium tetrachloride 

oh 
in dioxane but when using selenium tetrachloride a lower 

yield (20%) of diphenylseleniumdichloride was obtained.
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toluene 

(C/H.),PbCl + SeC1, ————» (C;H-),SeCl * 2(CrH.)apecr 
6525 4 675/72 2 6"5/72 2 

Characterisation of the products obtained from the 

reaction of selonium tetrachloride with anisole, phenetole, 

tetraphenyllead, and triphenylleadchloride was made by the 

chemical analyses, infrared and Raman spectra and nelting 

points. 

Analytical data for diarylseleniumdichlorides are given 

in table 5-3 « 

Sadue Vibrational spectra. 

The infrared and Raman spectra of diarylseleniun= 

dichlorides, (such as diphenylseleniumdichloride, di (p-methoxy- 

phenyl)seleniumdichloride and di(p-ethoxyphenyl)selenium- 

dichloride are reported in table 5-4.The bands at 250-275 enmt 

and 245-255 en! were assigned to Y sym (Se-C1) and Y asyn,(Se- Cl) 

respectively. This proposal is consistent with the long bond 

length Se-Cl reported for diphenylseleniumdichloride poo 

157 
Wynne and co-workers assigned weak Raman bands at 

KRY oe 155 en72 to the Cl-Se=Cl deformation mode, for dichloro- 

(tetramethylthiourea)selenium(IZ). Therefore,the Raman bands 

a 
at AY = 120-140 om ~ for the diarylseleniumdichloride are 

tentatively assigned to J(Se-Cl5), The band assignments 

associated with vibrations of the phenyl groups were made in 
io 

a 
econparison with the published data for diphenyltindichloride 99 

diphenyltelluriumdichloride >? diphenylselenide, bronobenzene 

a5 
and p=bromoanisole, IcWhinnie and Patel reported the
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TABLE 5-4 

The i.r. and Raman spectra of some diaryl seleniumdichloride 360-100 om? 

  

  

  

  

  

  

  

  

  

  

    

(Coy Sel, (cH,0('0 )), $20, (€,850( 0,801, Assignment 

i.r. Raman | i.r. Raman ier. Raman 

3298 335vw | 3448 345vw 356m 3550W *} 
or V (Se-Ph) 

307s 310vw | 310w 310vw 336vs 338vw 7) 

275vs 267vs | 2558 250vs 2728 263vs | V, (Se-cl) 

2488 2458 253m Ye (Se-C1 ) 

225vs 225w 2458 253m Phenyl u 

203vs 2358 235msh 2258 225w Phenyl u' 

173w 190m 186w 180vw Phenyl x 

151m Phenyl x' 

140m 132m | 1358 1348 1358 d (Se-Cl,) 

120w 127mw 

105vw 107ms 11l2ms 110w 110m unassigned          
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wavenumbers of the phenyl t and u modes for the diphenyl- 

“1 ar telluriumdichloride which are 249-272 en™~ and 198-230 cn™ 

respectively, but the bands found for the diarylseleniun- 

dichlorides are 307-356 en=+ ana 203-253 ent, So as 

expected the phenyl t and u modes all occur at slighlly 

higher wavenumbers than for the corresponding diphenyltelluriua-~ 

dichloride ee The main Raman bands for (Cis) .SeBro at 

AY = 157 en“l, y (Se-Br) are well clear of the phenyl u band 

at AV= 249 en7t 198 but the phenyl u modes for diaryl- 

seleniumdichlorides appear as shoulders or are hidden under 

the main Raman bands. 

50505 Arylseleniuntrihalides, 

Organoseleniumtrihalides may be obtained by the reaction 

of a selenol, diselenide or arylselenocyanate with halogen 

and the methods used have been summarised by several 

Sathorn: 123,126,.159-161 

The infrared and Raman spectra of phenylseleniumtribronide, 

P-chlorophenylseleniumtribromide, p-bromophenylseleniumtri- 

bromide, and p=tolylseleniumtribronide, was carriod out. 

Analysis of these spectra seems to suggest a more symnetrical 

environment for the selenium atoms than for the telluriun 

atons in the corresponding phenyltelluriuntrihalides 33 

as there are fewer coincidences of bands in the region 

250-120 em@+, 

Allun and co-workers aoe reported a strong Raman line 

at 293 en~? for di-n-butyldiselenide (c.p. 317 en7! for Br-3Br 

164 in elemental bromine). Hayward and Hendra reported
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TABLE 5=5 

The far infrared and Raman spectra of arylseleniumtribromide 

between 50-330 cm 
1 

  

  

  

  

  

  

  

  

    

C-H,SeBr p-BrC,H, SeBr 
oo 3 2 3 Tentative Assignments 

ier. Raman i.r. Raman 

558 

105m 103ssh ) 

) 
110ssh 120msh 120vs  116ssh J (Se-Br) 

142w 1378 ) 

2 2108 } Phenyl x mode and 

1798 1778 ee 

202vs 198vs 203vs ) 

) 
214vs 2lls )  y (Se~Br) 

) 
220vs 220vs ) 

242vs 2338 
) Phenyl u (Se) mode 

254vs 250vs 

278s 280s 274msh 282vs ; 

2988 2958 300vs ; y (Se-Br) 

3058 ) 

3308 3278 322vw Phenyl + (Se) mode        
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Table 5-5 «-. 

The far infrared and Raman spectra of arylseleniumtribromide 

between 50-330 oa) . 

  

  

  

  

  

  

    

Pea aad BUCH CoH SeBr, Tentative Assignments 
ier. Raman i.r. Raman 

1008 94m \ 

12lwsh 1208 ) 

) §(se-Br) 
134ssh 132s 140m 136ssh ; 

152vs ) 

158w 161msh 159vs } Phen yigx cds endl 

167vw ) d (Se-Br) 

203vs =-:196s 196vs ) 
) 

207vs 208m } ) (Se—Br) 

210vs 217vs ) 

231m : 

coun 248m { Phenyl u (Se) 

2588 262w } mode 

2678 ) 

280v" 2848 } 

3028 ' y (Se-Br) 

310m 3098 ) 

3168 316vw } Phenyl + (Se) 

3308 3308 Ieee       
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the frequency of the infrared bands for selenium tetrabronide 

at 266, 247, and 236 em™! as being due to seleniun-bronine 

stretching, but it is suggested that the bands observed 

between 200-310 en=+ for the arylseleniumtribromides 

described in this thesis are associated with seleniun-bromine 

stretching modes. The bands of the infrared and Ranan spectra 

or SeBr, have been assigned by Hendra and park 268 The bands 

at 260 em+ due to y (Se-Br); 286 en7~+ duc to Y(Se-Se), and 

those between 110-150 en7+ are said to be due to deformation 

modes. The strong bands at 184 and 150 en? for dibromo- 

(tetramethylthiourea)seleniun(I) ae were assigned to 

asymmetric Br-Se-Br and symmetric stretching modes respectively 

but the lower frequency bands at 100-112 en were assigned to 

Br-Se-Br deformation modes. The infrared bands at 164 anda 

196 em7+ observed for dimethylseleniumdibronide viore associated 

21 
with Se-Br stretching modes but the Raman spectra of 

diphenylseleniumdibromide 1s said to show only two bands, one 

95 
strong band at 157 em7+ and a weaker one at 249 en7t 198 

Other bands could have been missed due to poor sanple propar- 

ation. The absorptions between 100-316 on? are thus associated 

by the seleniun-bronine stretching and deformation vil 

  

depending upon the environnent of the seloniun aton. 

The infrared and Raman bands for arylseleniuntribronide 

are given in table 55 and the far-infrared spectra are shown 

in fig. 5-1/2/3/4. 

Arylseleniuntribromides have bands in the region 

100-220 en7? i.e., at frequencies similar or the same as fount 

169,170 for (SeBr, )?- However, it is interesting to note that 

the Raman active bands in (seBrg)?~ are infrared and/or Ranan
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active in arylseleniumtribronides, whilst the infrared active 

bands in (seBrg)?- are infrared and Ranan active in aryl- 

seleniumtribromides. A distorted octahedral environnent for 

the selenium atoms seems likely as there is evidence of 

splitting of the bands, Bands between 230-316 en7*+ were found 

0 
for Cel, SeBr, which are in the region noted for SeBry 5 

80 158 mee 3 
Se,Br5 ) (Cgil,, ) Se Br, (and By, itself). Absorptions 

arising in this region are probably due to the "stronger" 

selenium-bromine and seleniun-phenyl vibrations. 

5.3.4. Conductivity measurements and possible 

structures. 

The conductivities of 107> Molar solutions of arylseleniun- 

tribromides in dry nN dimethylformanide were measured using 

a Mullar conductivity bridge Type B 7566/3, Arylseleniun- 

tribromides had values of A, at 20°C between 40-50 ohn, 

en, mole7= (see table 5-6) which suggest that these are weak 

ionised in this solvent, A distorted octahedral environment 

for selenium of three long (selenium=broaine) bonds and three 

short (two seleniun-bromine and one selenium-carbon) bonds 

could be envisaged in the tetramer unit, if this donor- 

acceptor interaction between RSeBro and Br” units persists 

in the solid state as shown in fig. 5-5, 

The tetramer unit for phenylseleniumtribromide does not 

necessarily have to be based on a cube. A distorted cube 

arrangement also gives rise to Br” ions which lie on a three 

fold axis, Tetramer units of a similar type have been proposed 

173 216 
for thallium(IZL) methoxide and basic beryllium acetate :



Analytical data for the arylseleniumtri bromide. 
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TABLE 5-6 

  

  

  

Cc H Se MeDe DMF 

CoH, SeBr , 18.10 1.15 20.09 103°C 49 

(18.20) | (1.27) | (19.86) | (14¢.105) 

P-BrO,H, SeBr, 15.30 0.70 16.84 132°C 50 

(15.30) | (0.70) | (16.67) | (1it.132) 

p-C1C,H,SeBr, 17.00 0.70 18.73 122°C 40 

(16.89) | (0.95) | (18.36) | (14t.123-4 

p-CH, CH, SeBr, 20.50 1.60 18.91 115°C 50 

(20.71) | (1.74) | (19.27) | (1it.5-6)           
  

Required values in parenthesis 

=] 
ohm en? nole + 10734 solution at 20°C 

 



  

CoH 

Selenium atoms could be found in a totramer ualt which 

would give each acceptor atom an approximate Czy environnent. 

Fig. 5-6 shows such a tetramer unit based on seloniun- 

selenium bonds which could also sive a local environnent of 

Coy for each selenium atom. The masses of seleniun and 

bromine are similar, therefore bands of a sinilar frequency 

could arise. There is no way to distinzuish between the tro 

structures Proposed (fig. 5=5 and 5-6 ). 
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The local symmetry of selenium atons within the tetramer 

unit proposed for 0, H, SeBr,, can be regarded as of a MAz Bz 

type of unit. Each selenium atom (masses 78 or 80) is 

surrounded by three bromine atoms (masses 79 or 81) and 

more closely by two bromine atoms (masses 79 or 80) and one 

phenyl group (mass 77). 

The fundamental vibrations for this molecule of point 

group Coy are as follows, - 

fara (ReI.) 4 Aj(R) + 58(R-I.) 

Twelve to fifteen bands are in fact observed and these 

are listed together with tentative assignments in table 5-5. 

530d Determination of the number and activity of 

a molecular MAB; belonging to the point group 
  

ee 

Number of fundamental vibrations is given by fornula ;: 

iL 
i =n) 2(R)x, (R) 

Ng 

where Nq is the number of elenents in the group 

ne is the number of elements in each class 

X4(R) is the character of the vibration specics.
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1 s Mf gl xis x2) + (@ x0 x2) (3x3 x1))+4 

weak x 5 x - = Hye Fle 1h et) +e eo x1) +6 Bi =a) =e 

Ly a Ny s gla xs x2) + (2x 0x -1) + (3x3 x0] 25 

i Es 4A, + Ay + SE 

4 a = 4A, (R.Te) + A(R) + 5E(R.Ie) 

Character table for the point group Coys 

Csy E 2c, 3d, 

Al a Xs als 

Ay 1 1 -1 x, (R) 

E e -1 0 

° ¢ ° 

é 0 120 0 

2 cos 2 -1 2 

+142 cos# 3 ° 2 X(R) 

2 C aileedas o° 

2 cos 2 -1 2 

2 + 2 cos@ + 2 cos 20 6 0 2 X,(R) 

Up 4 1 2 

proper improper 
rotations rotations          



Cty AME Bak vI 

ws: 

NUN WN Tetraalkylsubstituted dithio- 

oxamide and some other sulphur bonded 

conplexes of seleniun(Iv) & (II),
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601 INTRODUCTION 

6a lat Tetraalkyldithio-oxamide complexes. 

vane: eo 50, 

NNN N tetramethyldithio-oxamide and NNN NW tetracthyl- 

dithio-oxamide are known to react with certain metal ions in 

20, 26-30, 76 
non=coordinating solvents, lost of the tetramethyl or 

tetraethyldithio-oxamide complexes previously reported have 

involved transition and non-transition metal ions, and these 

have been sunmarised in Chapter II. 

It has already been pointed out that many metal ions 

react with these potentially bidentate ligands to form stable 

complexes, Typical examples and the spectroscopic evidence 

for S-S or S-N coordination have been sumnarised in Chapter II. 

In this chapter the preparation, charactcrisation, 

infrared and Ranan spectra of complexes of the type RSeLBrs 

(where R = CgHs, P-C1LCGHy, P-BrCgHy or P-CH,Cgily and 

L = tetramethyldithio-oxamide or tetracthyldithio-oxamide) 

is described. 

The complexes were prepared by dissolving the ligand 

(1 mmol.) in ary methanol or dry benzene and adding this to 

arylseleniumtribromide (1 mmol.) dissolved in either dry 

methanol or dry benzene, Yellow to orange precipitates 

formed immediately after cooling to TO"; which were filtered 

off and stored in a vacuum desiccator,
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Since aryltelluriumtribromides and telluriun tetrabromide 

Pik 
are Known to form stable complexes with NNN N tetraalkyl- 

20476 it was decided to investigate Substituted dithio-oxamide 

the corresponding reactions with the analogous seleniun 

compounds, It was found however, that the tetraethyl and 

tetramethyldithio-oxamide complexes of selcnium(IV) compounds 

are not as stable as the tellurium analogues. 

6.1.2 Vibrational spectra. 

Bergson and Biezais A have suggested that a band 

found at 345 ent in 1,.2-thiaselenolane-4-carboxylic acid 

is due to the selenium-sulphur stretching mode, Bands between 

100-305 en7} are said to be due to selenium-bromine stretching 

50,157,168, 158,176 
and deformation modes, 

Examination of the infrared and Raman spectra of the 

freshly prepared arylseleniumtribromide complexes indicate 

that co-ordination is through the sulphur atoms of thiocaxbonyl 

groups. Assignments for the stretching mode of the seleniun- 

halogen bond and selenium=sulphur bond are given, and the 

possible structure for the complexes are described. 

60153 Selenenyl sulphide, 

A method for the preparation of phenylselenocyanate and 

Substituted phenylsclenocyanate was first reported by Bauer 

in 1913 112 using a Sandmeyer type reaction in which 

Selenocyanate ion is added to a diazolised arylamine,
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. 4 ¢ ; on ; Co ym, SUN Cy seg NN eee NS Co sens +1, 

cao Diy + HN0,——> 0, ro DH peSCHS Ok O sen 

+ No 

NO, N05 

NHy + HNO, ——> CoSe Secny Co pacer + Ny 

177 7 
Nakazaki reported that the selenonyl sulphide compounds 

were obtained from the reaction of arylselenocyanates with 

thioaromatic compounds (e.g. thiophenol or o-nitrothiophenol) 

at room temperature. Thé reaction is exothermic and hydrogen 

cyanide is evolved. 

RSeCN + R-Sii———> RSeSR™ + HCN 

where R = Coli, or O=NO0aCgHy 

also RT = CéHs ox O-NOnCgii4 

In this chapter, the reaction of o-nitrophenylseleno- 

cyanate and p=nitrophenylselenocyanate with several aromatic 

thiols (such as p=thiocresol, pe-chlorothiophenol, p-bromothio- 

Phenol, o=smercaptobenzoie acid and pentafluorothiophonol) in a 

non-aqueous modia is reported. 

The main reaction products have been identificd as 

selenenyl sulphide or diselenide depending upon the reactants,
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Hydrogen cyanide and not cyanogen is given off from all 

reactions, The reactions involved as shown bolom:= 

NO» NO, 

0 sue + RSH (8 esse ~ HCN 

where R = P-CHsCeHys P-C1CgHy, P-BrCgly, or O-1OIC. Cg ly 

2 omtX 0 scr + asX © en, SS cuCN 

oat 0 yseseK 0 10, + on 0 )-s64 O >on. 

Thus, the production of the selenenyl sulphice is 

favoured in most cases when o-nitrophenylselenocyanate is 

involved but the diselenide is produced when p-nitrophenyl- 

Selenocyanate is used. 

The infrared and Raman spectra of the selenenyl sulphide 

and diselenides were reported and assignments made. Also 

hydrogen cyanide was identified by infrared spectra,
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6.2 EX PERIMENTAL 

eye 

6.261 Preparation of NNN N tetramethyl and 
  

PF 

NNN N tetraethyldithio-oxanide. 

Fully substituted dithio-oxamides (such as tetramethyl 

and tetraethyldithio-oxamide) were prepared by the reaction 

of phosphorus pentasulphide with tetramethyloxamide and 

tetraethyloxamide respectively using a procedure previously 

41 
described by Hurd (see appendix one page 26.2) 

6.2.2 Preparation of arylseleniumtri bromide. 
  

Phenylseleniumtribromide, p-chlorophenylseleniuntri bromide, 

p-bromophenylseleniumtribromide and p-tolylseleniumtribronide 

were prepared by the reaction of the appropriate arylseleno- 

cyanates or diaryldiselenides dissolved in dry chloroform with 

excess Of bromine also dissolved in dry chloroform using methods 

123,126,114,122 
which have previously been described. (see appendix three 

page 

Fk 

65245 Preparation of NNN N tetramethyl and 
  

oe, 
NNN N tetraethyldithio-oxamide complexes 

of the arylseleniumtribromides. 

The complexes were prepared by dissolving the ligand 

(1 mmol.) in methanol or benzene and adding the solution 

obtained to arylseleniumtribromide (1 mmol,) also dissolved 

in methanol or benzene. Yellow to orange precipitates formed 

immediately after cooling to 10°C, and were then filtered off
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at the pump and stored in a desiccator, 

6.2.3.1 Purity of the complexes. 

The arylseleniumtribromide complexes of tetramethyl 

or tetraethyldithio-oxamide were assayed immediately for 

selenium content by dissolving a Weighed amount (20-50 mg.) 

4n dry methanol, On addition of 2 g. KI and 2 cm? of 4K 80, 

the liberated iodine was titrated with 0,1M Nap890; solution 

144,145 
using starch as indicator The reaction involved is 

shown as below ;- 

QRSeBr,L + 617 === RSeSeR + 2L + 6Br + 31 
3 2 

where L = tetraethy).dithio-oxamide or tetramethyldithio- 

oxamide, 

oe: Celis» p-C1CgHy, p-BrOghy or P-CHsCgly 

315 + 6NayS 503 ——> 6Nal + 3NaoS40¢ 

hence arsebr5L = 614,850, 

LkSeBrt a 3Na58,0, 

os 3. litres 0 Nay8,0, reacts with 1Se 

1 litre M Na 8,0; reacts with Bat Se 

1 em? of 01M Na,8,0, reacts with panel ORION ag 
3 3 x 10 x 1000 

hence 1.0 em? of 0.1K NayS0, reacts with 2.632 ng. Se
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TABLE 6-4 

Determination of selenium content in arylseleniumtribromide complexes, 

by titration methods. 

  

  

  

Vol. of 0.1M 
Na,8,0, needs | wt. of sample | Se % Se % 

Compounds ene “ in mg. found calc. 
om 

CH. SeBr, tedto*™ 2.25 45.80 12.93 12.58 

p-Br0gH, SeBr,tedto 1.05 26.20 10.55 11.04 

p-Br0,H,SeBr,tmato™™ 1.05 23.20 Dison, 12-14 

P-C10¢H SeBr,tedto 1.12 25.90 11.38 11.93 

P-C1C eH Sebr.tmdto 1615 24.00 12.61 13.03 

P-CH C,H, SeBr,tedto 1.53 33.00 12,20) 12.32 

p-CH,C5H,SeBr.,tmdto 1.03 20.40 13.29 13.48           

*tedto = tetraethyldithio-oxamide 

““ndto = tetramethyl dithio-oxamide
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The percentage of selenium found in the complexes is 

shown in table 6-4, 

6.2.4 Preparation of o-nitrophenylselenoc yanate, 
  

112 
Bauer's method was used, o-nitroaniline 

(13.8 g. 0,1 mol.) was dissolved in a hot mixture of 30 en? 

> 
of concentrated hydrochloric acid and 30 em of water. ‘The 

solution was then cooled below 5°¢ and 7 g. of sodium nitrite 

in 20 em? of water was added gradually so that the temporature 

did not rise above 5°o. The precipitate of o-nitroaniline 

hydrochloride appears and then dissolves to give a clear 

reddish liquid, Sodium acetate was added until the congo 

red paper gave a neutral colour. A solution of 15 g. of 

potassium selenocyanate in 40 on? of water was gradually 

added keeping the temperature below 5°, Immediately a 

yellow precipitate of o-nitrophenylselenocyanate was formed 

accompanied by a vigorous evolution of nitrogen, The 

precipitate was filtered off, washed with water several 

times and then recrystallised from ethanol and aninal charcoal. 

meD. 142°C (it, 142°C) 

[Found C, 37.00; H, 2400; N, 12.30; Se, 34.86; C7 4Np0Se 

requires C, 37.05; Hy 1.76; N, 12.32; se, 34.80 #1] 

6.2.5 Preparation of p-nitrophenyl selenocyanate, 
  

13.8 g. (0,1 mol.) of p-nitroaniline was treated with 

concentrated hydrochloric acid (20 em?) and ice (60 g.). 

After the mixture had been cooled to 0°c, sodium nitrite (8¢.) 

in 20 em? of water was added slowly ensuring that the temperature
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did not rise above 0°. The acidic solution produced was 

neutralised with a previously cooled solution of saturated 

sodium acetate until the congo red paper turned blue. 

Potassiun selenocyanate (15 g. in 70 em? of water) was 

then added drop-wise and with constant stirring and naintain- 

ing the temperature at 0°, a dark brown solid was obtained, 

after all the nitrogen had been evolved. The solid was 

filtered off, washed with water several times and reerystal- 

lised three times from ethanol using decolourising charcoal, 

%o give yellow crystalline plates. mp. 136-138 °c. 

(lit. 137-138°C) A 

[Found C, 37.15; H, 1.85; N, 12.16; Se, 34.60; Cyl4Np0,8e 

requires C, 37.05; H, 1.76; N, 12.32; Se, 34.80 %] 

6.2.6 Reaction of o-nitrophenylselenocyanate with 
  

thioaromatic compounds, 

6.2.6.1 p-Thiocresol, 

O-=nitrophenylselenocyanate (0.674 g. 3 mmol.) and 

p-thiocresol (0.372 g. 3 mmol.) in 10 cm? of ary benzene 

were heated under reflux for one hour in a three-necked 

flask equipped with a drying tube. A few drops of dry 

methanol was added to the dark red coloured solution which 

was formed, This solution was then cooled in an ice bath, 

when yellow crystals were obtained, which were filtered off 

and dried under vacuum. Yield 0.49 g. 

[Found C, 48.20; H, 3.40; N, 4.28; Se, 24.83; Cy 3} {4,1 40,88e 

requires C, 48,15; H, 3.39; N, 4.32; Se, 24.37 %]
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6.2.6.2 p-Bromothiophenol, 

A mixture of o-nitrophenylselenocyanate (0.674 g. 3 mmol.) 

and p-bromothiophenol (0.567 g. 3 mmol) in 10 em? of dry benzene 

was refluxed for one hour. The dark red coloured solution 

formed and was cooled, On addition of a few drops of dry 

methanol, yellow crystals were produced. These crystals were 

filtered off and dried under vacuum, Yield 0.37 s. neD.85-88 Ce 

{round C, 37.75; H, 2.10; N, 3.65; Se, 21.01; NO, BrGve oy ole 
requires C, 37.04; H, 2.07; N, 3.60; Se, 20.30 9] 

6.2.6.3 p-Chlorothiophenol, 

A mixture of o-=nitrophenylselenocyanate 0.674 g. (3 nnol.) 

and p-chlorothiophenol 0,433 g. (3 mmol.) in 10 en? of ary 

benzene was refluxed for one hour, the sane procedure was used 

as for the reaction of o-nitrophenylselenocyanate and 

p-bromothiophenol, The yellow crystals obtained were filtered 

off and dried under vacuum. Yield 0.49 g. med. 95-98 a, 

{round c, 41.80; H, 2.40; N, 4,40; Se, 22.39; ¢ Lollg WpC1Sse 

requires 0, 41,82; i, 2.34; N, 4.07; Se, 22.92 3] 

6.2.6.4 O-Mercaptobenzoic acid (thiosalicylic acid). 
  

A mixture of 0.674 ¢. (3 mmol.) o=nitrophenylseleno- 

cyanate, 0.463 g. (3 mmol.) o=mercaptobenzoic acid, 10 en? 

of dry nethanol and 5 en? of dry benzene were refluxed for 

fifteen minutes in a three necked flask equipped with a 

drying tube, Yellow crystals were formed, which were
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filtered off when the solution was hot and then dried under 

vacuum, Yield 0.87 Gs mePe 225=230°C. 

[round ¢, 44.40; 1, 2,60; 1, 4.10; Se, 22.21; C, 5Hg0 4t88e 

requires C, 44.07; H, 2.56; MW, 3.96; Se, 22.31 3] 

6.2.6.5 Pentafluorothiophenol. 

O-nitrophenylselenocyanate 0,674 g. (3 mi0l.), 

pentafluorothiophenol 0.6 g. (3 mmol.), 10 en? of dry methanol 

and 5 en? of dry benzene were mixed and then refluxed for one 

hour. Yellow crystals were formed, which were filtered off 

and dried under vacuum, Yield 0.30 g. md. 205-206 Cc. 

(lat. 209°¢) 222 

(Found ¢, 35.90; H, 2.05; N, 6.75; Se, 39.51; C,,H,0,1,8 

(di (o-nitrophenyl)diselenide) requires C, 35.83; H, 2.01; 

N, 6.94; Se, 39.28 3] 

66257 Reaction of p-=nitrophenylselenocyanate with 
  

p-thiocresol, 

A mixture of 0,456 g. (2 nnol,) p-nitrophenylscleno- 

cyanate, 0.249 g. (2 mmol.) p-thiocresol in 10 em? of ary 

benzene was refluxed for one hour. Yellow crystals were 

formed which filtered off from the hot solution and dricd 

under vacuum, Yield 0.20 g. mp. 176«177°C (11, 180°C) 278 

[round C, 35.50; H, 2.30; N, 6.85; Cy oily Oy i1,Se, (ai (penitro- 

phenyl)diselenide) requires C, 35.82; H, 2.01; u, 6.96 ¢]



= 233 - 

6.2.8 Identification of the gaseous products 

evolved, 

The gaseous products were collected in an absorption 

tube cooled at-180°C. The liquid products were then vaporised 

into an infrared gaseous absorption cell and the spectrum 

obtained over the ranges 800-670 en7* ana 3350-3250 en~-, 

The fundamental bands obtained were compared with the published 

data for wavenumbers for the calibration of spectrometers ag 

Hydrogen cyanide was ovolved from all reactions investigated. 

There was no evidence of any cyanogen being present, 

Opond Identification of the products in the solutions, 

The presence of thiocyanate in the solutions after the 

reaction was tested by using a modification of the standard 

qualitative tests using iron(II) and cobalt(IZ) solutions as 

recommended by Vogel pee Aqueous solutions of these 

reagents were shaken with the organic solvent in a separating 

funnel, The colours characteristic of (CNS) were not 

Produced,
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6.3 DISCUSSION. 

6.301 Arylseleniumtribromide complexes of tetra- 
  

methyl and tetraethyldithio-oxamide. 
  

Arylseleniumtribromides RSeBr, (where R = Cole» PebrCely, 

P=C1LCcHy or PoC; Cgl4) have been found to react with sulphur 

donor ligands (such as tetraethyldithio-oxanide or tetra- 

methyldithio-oxamide) in dry methanol or dry benzene to form 

yellow to orange precipitates which were filtered off and 

assayed immediately for their selenium content. The complexes. 

produced all have a stoichemistry Serligand of 1:1, These 

arylseleniumtribromide complexes are not so stable as the 

corresponding tellurium compounds, but are stable enough to 

Pernit spectroscopic examination by an interferometer and 

are not immediately decomposed by the bean of a laser Ranan 

instrument. 

The reaction of selenium tetrachloride and arylseleniun-= 

trichlorides (such as CgH,Secl, or OH 3 Sec, 

with tetraethyldithio-oxamide or Gone: 
Cli 

tetramethyldithio-oxamide in dry Gane 

methanol or dry benzene were investigated but no precipitates 

were formed. 

6.3.2 Vibrational spectra. 

As mentioned in a previous chapter, fully substituted 

dithio-oxamide are known to give complexes with many metal 

ions, and co-ordination takes place through both sulphur atoms 

of tho ligand, Oy 20-501 16
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The more important bands in the ligands (tetramethyl or 

tetraethyldithio-oxamide) are ) (CN) and V(cS) stretching 

vibrations and these bands are increased or decreased in the 

arylseleniumtribromide complexes respectively. The infrared 

and Raman spectra show new bands in the complexes which may 

be assigned to selenium-sulphur stretchinz. 

The spectroscopic data for arylseleniuntribromide 

complexes with tetraethyl or tetramethyldithio-oxamide have 

features in common with the corresponding aryltelluriun- 

tribromide complexes, and the more important bands are now 

discussed. 

6.3.2.1 Tetramethyl and tetraethyldithio-oxamide complexes 
  

with seleniun(IV). 

The bands at 1528 em@+ and 1500 en™* assigned to y (cn) 

for tetranethyl and tetraethyldithio-oxamide respectively are 

shifted to higher wavenumbers and are split in the arylseloniun- 

tribromide complexes (see table 6-1), The V(CS) bands at 

828 en=+ and 872 em7+ for each respective ligand, are shifted 

to lower wavenumbers in the complexes (sce table 6=1). This 

is consistent with the proposal that co-ordination takes place 

through the sulphur atoms of the thiocarbonyl groups, 

The bands in the far-infrared and Raman spectra for 

tetramethyl and tetraethyldithio-oxamide are reported in tables 

6-2 and 6*3 and are worth further comment. ‘There are seven 

bands between 352-117 em=2 for the complexes. Some are 

clearly altered by complex formation, but new bands due to
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TABLE 6=1 

Ire 4a 

Infrared spectra of NNN N tetramethyl and NNN N tetraethyldithio-— 

oxamide complexes of arylseleniumtribromides. 

  

  

  

Compounds y (cn) Y(cs) 

Tetramethyldithio-oxamide (tmdto) 1528s 828m 

Phenyl seleniumtribromide complex 1593s 817m 

1540s 

p-Chlorophenylseleniumtribromide complex 1593s 818m 

1540s 

p-Bromophenylseleniumtribromide complex 1592s 818m 

1540s 

p-Tolylseleniumtribromide complex 1592s 818m 

1540s 

Tetraethyldithio-oxamide (tedto) 1500s 872m 

Phenylseleniumtribromide complex 15558 858m 

1520s 

p-Chlorophenyl seleniumtribromide complex 1550s 857m 

1520s 

p-Bromophenylseleniumtribromide complex 1553s 857m 

1520s 

p-Tolylseleniumtribromide complex 1550s 857m 

15208     
  

 



Infrared and Raman 
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TABLE 6-2 

spectra of selenium tetraethyldithio-oxamide 

  

  

  

  

  

  

    

complexes below 360 om + 

Tetraethyldithio— C-H_SeBr,tedto | p-BrC-H,SeBr,tedto 
oxamide (tedto) 65 3 674 3 Gentatine 

i.r. Raman i.r. Raman i.r. Raman Assignments 
AU be bY 

118vw 117 vw 

& (Se-Br) and 
1368 1358 T300w ligand vibration 

154w 144w 

196s 185m 184m ligand vibration 

244vw 233W 

Phenyl u mode 
252vw 257w 252vw 257w andy (Se-Br) 

280w 

293m 293w ligand vibration 

338s 337m 3358 334vs 

V(Se-S) and 
349 88H 345m ao One 3450 ligand vibration 

344m 350w 352w       
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Infrared and Raman spectra of selenium tetraethyldithio-oxamide 

complexes below 360 om. 
1 

  

  

  

  

  

  

    

tedto p-C1C.H,SeBr.tedto | p-CH,C-H,SeBr.tedto 
oes 3 pauee 3 Tentative 

i.r. Raman i.t Raman i.re Raman Assignments 
oY AY oy 

119vw 

&(Se-Br) and 
1358 oe i34vs ligand vibration 

154w 144w 

196s 185m 183W 184m ligand vibration 

ow eDivw om Phenyl u mode 
281m and p (Se-Br) 

293m 29 3w 305m ligand vibration 

324msh 

Y (Se-S) and 
thakd 7 EES BS5 8M Roce ligand vibration 

344m == 350m 349ssh       
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TABLE 6-3 

Infrared and Raman spectra of selenium tetramethyldithio—oxamide 

complexes below 360 om. 
1 

  

  

  

  

  

  

  

    

Tetramethyldithio- 
C-H.SeBr.tmdto |p=-BrC-H,SeBr,tmdto oxamide (tmdto) 658 oe Tentative 

be Raman i.r. Raman i.r. Raman Assignments 
ay Av bY 

132w 1358 132w J(Se-Br) and 

ldA6w 133w ligand vibration 

187m 179 182w ligand vibration 

227wsh  228wsh 

Phenyl u mode 2598 252msh 2568 dnaey (seen) 

298w 

306s 3llw ligand vibration 

312vW 316w Phenyl (Se) 

327msh Sedwany iy vince 

34400 3458 342vw Y(Se-S)          
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Infrared and Raman spectra of selenium tetramethyldithio-oxamide 

complexes below 360 cm 
1 

  

tmdto p-C1C,H,SeBr,tmdto 

  

  

  

  

  

  

    

p-CH,C.H,SeBr.,tmdto 
i Sistas Pentative 

ir. Raman i.r. Raman i.r. Raman Assignments 
AV av ov 

118m 120vw 

140m 133m 134W 132m 3 (Se-Br) and 
ligand vibration 

146w 133w 

187m = 179W 184m 174w ligand vibration 

242wsh 

250msh 256vs 25lvw 257m phenyl wmode 

266wsh and y (Se-Br) 

280vW 282w 

306s 31lw ligand vibration 

320msh 328wsh 320ssh 321w Phenyl(Se) + mode 

3458 341vs 3448 3428 V (Se-S)         
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y(se-s), Y(se-Br) ond JI (Se-Br) may be clearly identified, 

Thus, absorptions associated with Y(Se-=S) occur at 345-333 en=t 

in the complexes. This proposal agrees with the observation 

of Bergson and Biezais te who assigned the absorption band 

at 345 en7+ in 1.2<thiaselenolane-4-carboxylic acid as being 

157 
due to a Seleniun=sulphur stretching mode. Mynne et al 

a may be tentatively suggest that the bands at 233-240 cn” 

assigned to a Se=S stretching mode for dibrono(tetramothyl= 

thiourea)seleniun(IZ) and dichloro(tetranethylthiourea)- 

selonium(IZ), but it is noted that the bands are weak and that 

other bands are given at 320-370 env which do not occur in 

the ligand. The bands at 298-227 en and 140-118 eat? nay 

be assigned to y (Se=Br) and d (Se-br) respectively, This 

proposal agrees with suggestions that seleniun-bromine 

stretching and deformation modes give rise to bands between 

1000505 ennt 399297» 153, 168,176 

O5365% Structure. 

Arylseleniumtribromides are probably tetrameric structures 

formed by donor-acceptor interactions between Br and RSear,” 

units (see Chapter V). The environment of each seleniun 

atom is approximately of Csy Symmetry. The local synnetry 

of seleniun atoms is higher than would be expected, because 

of the similar masses of the attached ligands i.e. Colts and 

Br. Arylseleniumtribromides give very rich Raman snectra 

   
but the bands in the same region for the ar; seleniuntribronide 

conplexes are less intense and all coincide with those found 

in the infrared spectra, The profiles of the spectra of the 

conplexes have many similar featuresand a conmon structure of
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low symmetry seems likely. This could be a structure based 

sas 
pindto) Bro. Five 

co-ordinated . selenium scems likely for these cations, This 

tae ae 
on units (RSeBrytedto) Br and (RSeBr 

structure is inconsistent with a wW octahedral structure 

with one lone pair and five bond pairs, as may be predicted 

for seleniun(IV). 

Br 

Wa pe 

a 

The possible structure of the RCgH,SeLBry cation 

where R = H, Cl, Br, or CH 

L = tedto or tmndto. 

69304 Selenenyl sulphide and diselenide. 
  

Diaryldiselenide nay be obtained by air oxidation 

114,115 
of selenols, or fron selenocyanates Challenger et 

al 114 believe that a selenol is the initial hydrolysis 

product:= 

ArSecN + 1,0 ——> 2ArSell + 2HCNO 

2Arsen Ol + arsgeseAr + HO
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215. 
Rheinboldat suggests that another likely mechanisn 

for the preparation of diselenide is by the alkaline 

hydrolysis of selenocyanate to give selenenic acid as an 

intermediate :- 

RSeCN + Hj 0 ———> Rse OH + HCN 

RSeOH + RSeCN———>RSeSeR + HCNO 

23 
Behagel and Seibert believe that (cx), is forned 

as a byproduct and then HCN or HCNO is produced by reacting 

with water present, 

2ArseCN——>ArSeSeAr + (ex) 5 

(cx), + H,0 ———yHOCN + Hew 

The hydrolysis of arylseleniummonohalices appears to 

123 
proceed by disproportionation via selenic acide e 

Cg SeBr + Ho0 = ee 5800H aT BE 

S Co eee Ceres 4; Se CoH. Ser 
2 

+ H,0 Cg, Sell + Cg, Se0H ————> Coil, SeSeC ¢Il 2 
5 

If a similar reaction occurred for arylselenocyanates 

the products of the reaction would be phenylselenic acid 

and diphenyldiselenide. 

ZArSecCl + 2H,0———» ArSe0, H+ ArSeSeAr + 3HCN
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Selenol formation seems likely in the presence of 

alklating agents since under these conditions selenides 

181-186 
are formed which may be air oxidised to diselenides. 

a 
Rheinboldt 3 type mechanism for the reaction with 

HSR seems possible, = 

ArSeCN + HSR ——>ArSeSR + HCN 

ArseCN + ArSeSR ———> ArSeSeAr + RCNS 

or more likely direct formation of diselenide and disulphide, - 

2ArSeCN + 2RSH ———+ArSeSeAr + RSSR + 2HCN 

The base of hydrolysis for selenocyanates always gives 

diselenides and hydrolysis under mineral acids also appears 

to proceed via selenol intermediates but again air oxidation 

is needed to proceed to the diselenide stage. 

Nakasaki eT described the preparation of diphenyl= 

diselenide by the reaction of phenylselenocyanates with 

phenylselenol, It is not clear whether oxygen was absent 

or if the reactants were scrupulously dry. 

In the work described in this thesis, the preparation of 

s@lenenyl sulphide was carried out by refluxing a mixture of 

the thioaromatic compounds with o-nitrophenylselenocyanate in 

dry benzene for one hour under an atmosphere of dry nitrogen 

gas. On addition of a few drops of dry methanol, yellow 

erystals were obtained,
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Under the same conditions o-nitrophenylselenoc yanate 

was reacted with pentafluorothiophenol and p=nitrophenyl- 

selenocyanate with thiocresol giving di(o-nitrophenyl)di- 

selenide and di(p-nitrophenyl)diselenide, respectively. 

(see equation page 224) 

In all of these experiments the reactants were thoroughly 

dry and care was taken to eliminate oxygen. The presence of 

hydrogen cyanide in the gas evolved was determined by analysis 

of the infrared spectra. 

66305 Vibrational spectra of diaryldiselenide,. 
  

164 
Allun et al have reported their investigations 

of the infrared and Raman spectra of dibutyldiselenide and 

suggest the Raman line at 293 em71 to be due to a Se=Se 

Stretching mode, On comparing this to that for y(3r-Br) 

(317 en=1l) it is found to be quite close, Green and Harvey ie 

have reported the infrared and Raman spectra of dimethyl- 

diselenide and the vibration Y(Se-Se) was observed at 

286 en*, 

The bands between 286-265 en! for ai(p=nitropheayl)- 

diselenide and di(o-nitrophenyl)diselenide were assigned to 

Selenium=selenium stretching modes, (see table 6-5) 

643.6 Vibrational spectra of selenenyl sulphides. 
  

The selenium=sulphur stretching mode of 1,2-thioseleno-= 

lane-4-carboxylic acid has been tentatively assigned to an 

15 
absorption band at 345 em,
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The far infrared and Raman spectra of tetraethyl and 

tetramethyldithio-oxamide complexes of selenium(IV) have been ~ 

reported in this thesis and it has been suggested that the 

bands between 335-345 om may be assigned to selenium-sulphur 

stretching modes. 

In the far infrared and Raman spectra (table 6-5) new 

bands at 318-351 em=l for the selenenyl sulphides are shown, 

which may be assigned to selenium=-sulphur stretching modes.
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TABLE 6-5 

Infrared end Ramen spectra of the selenocyanates and the products of 

reaction with thioaromatics,. 

  

  

  

  

  

  

  

    

NO, No, No, 

(0) sees (0\)ses{oar (0-530) Br Assignments 

ier. Raman| i.r. Raman i.r. Raman 
BY bv 

120m 

142m 148m 147msh 

171msh 1708 ai eeD substituent sens- 
1858 1828 1838 itive vibration x 

188s 

2188 2llw substituent sens- 
itive vibration u 

256w 261w 255m 250s vibration associated 
with NO, group. 

282 2758 283m 279W 282m 278m 

2938 

substituent sens— 
eee ccy eo oe eae itive vibration t 

318W 315m | 311m 

317m 

335m 328m 322w 
y (Ses) 

342msh 350nsh 

361m 357 357ssh 351m 359m out-of-plane 
Se-C=N bend 

387m 
In-plane 

393m Se-C =N bend          
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Infrared and Raman spectra of the selenocyanates and the products of 

reaction with thioaromatics. 

  

  

  

  

  

  

  

  

  

NO, NO, No, CO,H 

‘SecN (oseso CH (oyses{o) Assignment 

i.r. Raman | i.r. Raman i.r. Raman 
DY. ay bv 

120m 

142m 147m8h =14488h 146msh 

171msh 167msh 170ssh substituent sene- 

1858 1828 176m 182ssh reves Ya braeiCne 

189s 

03ve substituent sens— 
224wsh 226w itive vibration u 

vibration associated] 
00Ws bCO28 with NO, group 
282m 275m | 283m 280W 281m 279m 

substituent—sens- 
UTE | coer itive vibration + 

318 315m 314m : 

322m 327m 3348 331m 
(Se-S) 

346m v 

61m 
3 32m ae out-of-plane 

378m 378 Se-C =N bend 

393m 393m In-plane         Se-C =N bend    



  

Table 6-5 ... 
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Infrared and Raman spectra of the selenocyanates and the products of 

reaction with thioaromatics. 

  

No, 

a @an(o) 
  

  

  

  

  

  

  

Assignment 

ir. Raman i.r. Raman 
bY 

120m 

142m 142m 

substituent—sensitive 171msh 168msh 172w Vibeetisn 

185s 181s 

2567 261w vibration associated 
with NO, group 

269msh =. 265 vs 

y (Se-Se ) 
281s 

282m 2758 

substi tuent—sensitive 
eu vibration + 

318w 315m 3180 

361m 357 out-of-plane 
Se-C=N bend 

393m In-plane Se-C=N bend     
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Table 6-5 «+. 

Infrared and Raman spectra of the selenocyanates and the products of 

reaction with thioaromatics. 

  

  

  

  

  

  

  

      

0280 sec 0-80 Ses NO, | Assignnent 

i.r. Raman i.r. Raman 
BO AU 

117m 110sh 

aeoeh substituent—sensitive 
1868 1948h vibration x 

substituent—sensitive 
ee 237m este vibration u 

vibration associated 
238 ad. with NO, group 

266s 

273m 272m Y (Se-Se ) 

286w 288s 

Ore 3058 substituent-sensitive 
320" 329w vibration + 

out-of-plane 
3538 Se-C =N bend 

400w In-plane Se-C =N bend     
   



AP Pee Nh Ded x - 

Preparation of aryltellurium compounds and 

Sulphur containing ligands,
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Most of the intermediate aryltellurium compounds 

and sulphur containing ligands are known and the 

Preparation methods were carried out according to the 

procedures given by various literature surveys. All 

solvents such as methanol, ethanol, n-butanol, benzene, 

carbon tetrachloride, chloroform, toluene, xylene, and 

diethylether were dried according to recommended 

procedures, ali
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All PREPARATION OF ARYLTELLURIUMTRI HALIDES AND 

DIARYLDITELLURIDES. 

A.l.1.1 Phenyltélluriumtrichloride, CgH,Tecl , 

Pant's method for the preparation of phenyltelluriun- 

34. 
trichloride was used. 

A mixture of telluriumtetrachloride (3.4 g.) in triphenyl- 

leadchloride (5.7 g.) in dioxane (50 em?) was stirred at room 

temperature for four hours. The precipitated diphenyllead- 

dichloride was filtered and the solvent removed under vacuum, 

The white solid obtained was recrys8tallized,from boiling a 

mixture of benzene/hexane to give phenyltelluriumtrichloride 

(3.65 ge)s meD. 214-17°C, (14t, 215-18°C) 7° 

(Found C, 22.755 H, 1.553 Te, 41.15 :C,H,Tecl, requires C, 23.15; 
5 3 

H, 1.623 Te, 41.04 4] 

A.1.1.2 Phenyltelluriumtribromine, CoH TeBr 

To a cold solution of diphenylditelluride (0.81 g.) in 

carbontetrachloride at 10°C, bromine in carbontetrachloride 

was slowly added, The solution of diphenylditelluride changed 

from brown to yellow and a yellow precipitate separated out, 

at which point excess bromine solution was added, The mixture 

was continuously stirred for another thirty minutes, filtered 

off and dried under vacuum. The product was recrystallized 

from glacial acetic acid. Yellow crystals (0.76 g.) were 

obtained. mp, 227-29°C, (lit. 227-29°C) 79 
[Found ¢, 16.15) H, 1.153 Te, 28.72 1 Ogi TeBr, requires 

2 

C, 16.21; H, 1.14; Te, 28.72 %]
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A.1.1.3 Diphenylditelluride. (CoH) Te, 

Morgan and Drew's 34 method was used for the preparation 

of diphenylditelluride, 

Crude phenyltelluriumtrichloride (2.9 g.) was suspended 

in water (20 en). The mixture was reduced by a solution of 

potassium metabisulphite (5.3 g.) in water (10 on?) which was 

Slowly added at 0°C and with continuous stirring until an orange 

precipitate appeared. After the solution was used up, 

stirring was continued for another hour, The product was 

filtered off and dried over y Xo in a vacuum dessicator. 

The ditelluride was then recrystallized from petroleum ether 

(30/40) and orange needle crystals (0.75 g.), which melted at 

64-65°o (lit. S660) | hake obtained. 

(Found C, 35.80; H, 2.42 : C,H) oe, requires C, 35.193 

H, 2.46 4] 

A.1.1.4 p-Tolyltelluriumtrichloride. p-CH,C¢H,TeCl , 

p-Tolyltelluriumtrichloride was prepared from p-tolyl- 

mercuricchloride (3.2 g.), tellurium tetrachloride (2.7 g.) 

and dioxane 20 en? refluxed for ome and a half hours, 

The solution was cooled, the HgCl, edioxane crystals filtered 

off, and the filtrate then evaporated under vacuum to dryness, 

The crude product was first recrystallized from sym-tetrachloro- 

ethane and finally recrystallized from dry benzene, Golourless 

eryStals were obtained (1.3 g.) mp. 180-181°C (lit. 181-182°¢) °° 

[Found C, 25.80; H, 2.06; Te, 39.02 3 C_Hol,te requires C, 25.85; 
Motes 

H, 20173 Te, 39.27 %]
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Aelsl.5 p-Tolyltelluriumtribromide. p-CH,C,H,TeBr, 

Bromine in carbontetrachloride was slowly added to a 

solution of bis=p-tolylditelluride (1.24 g.) in car bontetra- 

chloride which had been eooled to about 5°¢ and nagnetically 

stirred. The solution of bis-p-tolylditelluride changed from 

red brown to yellow With the precipitation of a yellow compound, 

at which point excess bromine solution was added. The mixture 

was continuously stirred for another thirty minutes, The 

precipitate was filtered off, dried and recrystallized from 

glacial acetic acid to yleld yellow plate-like crystals (0.90 sg.) 

which melted at 214-215°C dec. (lit. 215~216°¢) > 

(Found C, 18.60; H, 1.70; Te, 27.97: CH. Br,Te requires 
Ta 

C, 18.33; H, 1.54; Te, 27.84 #] 

A.1.1.6 Bis-p-tolylditelluride, (p-CH C,H, ).Te, 

A similar procedure as that used in the preparation of 

diphenylditelluride was employed, 

p-Tolyltelluriumtrichloride (2.3 g.) was reduced by 

potassium metabisulphite (5.6 g,) to give orange crystals 

which were recrystallised from petroleum other (30/40). 
2 msds 51-52°C (Lit. 5245%C) ° 

[Found ¢, 38.20; H, 3427: C) 4H, ,Te, requires C, 38.43; 

H, 3023 4]
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A.l.1.7 p-Anisyltelluriuntrichloride. p-CH OCeH, TeC1 
3 4 3 

A nixture of anisole(10.4 g.), tellurium tetrachloride 

(13.5 ge) and dry chloroform or any carbon tetrachloride (100 em?) 

was refluxed in a water bath for two hours. The yellow 

Plate crystals obtained (10.5 g.) were recrystallized from 

dry chloroform to obtain yellow plates which melted at 190°C, 

(14+. 190°C) 35536 

[Found C, 24.4; H, 2.10: C/H/C1,0fe requires C, 24.64; 

H, 2.07 %] 

A.1.1.8 p-Anisyltelluriumtri bronide. p-CH,OC.H,TeBr, 

p-Anisyltelluriumtribromide was prepared as follows: 

Bromine in carbontetrachloride was slowly added to an ice-cold 

Solution of bis-p-anisylditelluride (1.4 g.) also dissolved 

in carbontetrachloride and the excess of bromine solution 

was added, The solution was continuously stirred for another 

hour, after which tine the yellow product was filtered and 

dried. The crude product was recrystallized fron glacial 

acetic acid and yielded yellow crystals (1.16 g.) mepe 187-85°C 

(1it. 188-89°¢) 37 
(Found C, 17.653} H, 1432: CH Br OTe requires C, 17.71; H, 1.49 %] 

A.1.1.9 Bis-p-anisylditelluride. (p~CH,0C gH, )pTes 

Pp-Anisyltelluriumtrichloride (5.0 g.) was reduced by 

potassium netabisulphite (4,0 g.) at 0°C. The deep brown 

needle crystals of the ditelluride (1.5 g.) were obtained 

after recrystallization fron petroleum ether (40/60°¢), The
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6 
bis-p-anisylditelluride has a msp. 58-59°C. (lit. 60°C) 3995 

{round ¢, 35.56; H, 3.10: C1 Hy 0nPe, requires C, 35.81; 

H, 3.01 %] 

A.1.1.10 p-Phenetyltelluriumtrichloride. PoC oH, OC cH, TeCl , 

Phenetole(17.0 ge), telluriumtetrachloride (12.0 g.) 

and dry chloroform or dry carbontetrachloride (100 om?) were 

mixed together and refluxed in a water bath for two hours, 

Yellow crystals (14.5 g.) were obtained which melted at 

181-182°C, (lit, 182-183°c) 35436 

[Found ¢, 26.95; H, 2054: CoH Br,0Te requires C, 27.053 

H, 2.56 % ] 

Aslelell p-Phenetyltelluriumtribro aide. P-C HOCH, TeBr, 

Bis-p-phenetylditelluride (2.0 g,) was reacted with 

excess bromine in carbontetrachloride. The tribromide product 

was recrystallized from glazial acetic acid and yellow crystals 

were obtained. mp, 198=204°C (lit. 195-205°C) a 

[Found C, 1964; H, 1.92; Te, 26.10: CoH Br,0Te requires C, 19.66 
Sad 

H, 1.863 Te, 26.13 4] 

Avl.1,12 Bis-p-phenetylditelluride. — (p-C,H,00,H, ), Pe, 

A similar procedure as that used in the preparation of 

Bis-p-anisylditelluride was employed, 

p-Phenotyltelluriumtrichloride (6,0 g.) was reduced by 

potassium metabisulphite (11.3 ¢.). The golden crystalline



eI 

ditelluride (2.4 g,) obtained had a melting point 106-107°C 

(tat. 107-108°¢) 2936 

(Found ¢, 38.70; H, 3.70: Ci Hy g®Tep requires C, 38.62; 

H, 3.65 %] 

A.l.1.13 p-Phenoxyphenyltelluriumtrichloride, P-CgH, OC¢H,TeCl , 

A mixture of diphenylether (18.7 g.), telluriumtetra- 

chloride (23.8 g.) and dry chloroform (15 om?) was heated 

under reflux for twenty-six hours, One hour after the 

reaction was started a pink precipitate was observed, which 

changed colour, The yellow crystals subsequently obtained 

were recrystallized from carbon tetrachloride and were found 

to melt at 155-156°C (14t. 156-157°C) 2° 

[Found C, 36.10; H, 2020; Te, 31.46: C,,H,cl,0Te requires 
12°9°°3 

C, 350743 Hy 20253 Te, 31.65 %] 

A.1.1.14 p-Phenoxyphenyltelluriumtribromide,. p-C cH, OCH, TeBr 
5 3   

Bis=p=phenoxyphenylditelluride (0.68 g,) was reacted 

with excess bromine in carbon tetrachloride. The tribromide 

(1.25 g.) was recrystallized froa glacial acetic acid to yield 

yellow crystals which melted at 205-206°C (lit. 206-207°C) 37 

C Found C, 26.55; H, 1.66; Te, 23,72: C,H Br,0Te requires des9o3, 
C, 26.853 H, 1.69) Te, 23.78 % J 

Awl.1.15 Bis-=p-phenoxyphenylditelluride. (p-CgH, OCH, ) Te, 
  

p-Phenoxyphenyltelluriumtrichloride (4,0 g.) was reduced 

by potassium metabisulphite (6.6 g.) to yield deep violet
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erystals (3.0 g.) which melted at 85-87°C (lit. 87-88°C) 37 

Cround ¢, 49,10; H, 3.05: C,H) g0,fe, requires C, 48.55; 

H, 3406 %] 

Avl.1016 p-Thiophenoxyphenyltelluriumtrichloride, p-CGH, SC GH, TeCl 

A solution of 9,3 g. diphenylsulphide and 13.5 g.telluriun- 

tetrachloride in 20 on dry chloroform was refluxed for 

forty hours, during which time hydrogen chloride was 

evolved, The dark crystalline product obtained was dissolved 

in benzene and precipitated with petroleun ether (40/60). 

The crude trichloride (8.9 g.) was purified by reerystallis- 

ation from glacial acetic acid or fron a mixture of benzene 

and petroleum ether (40/60) as dark yellow noedles n.p,164-155°C 

(lit 164.5-165.5°¢) et 

[Found C, 34.25; H, 2.13% ©) pHyCl ,te requires C, 34.37; 

H, 2.17 2] 

A.1.1.17 p-Thiophenoxyphenylteéelluriumtribronide. BeCeu SC cH, Tenn, 

To a cold solution of 0.63 g, di-p-thi ophenoxyphenyl-= 

ditelluride was added dropwise with stirring excess bromine 

in carbon'tetrachloride, The product (0.84 é.)was recrystallized 

from glacial acetic acid to yiela yellow-orange plates 

which melted at 205=206°C (lit. 206-207°c) 37 

[Found C, 26.15; H, 1.67: C, pHoBr,STe requires ¢, 26.07; 

H, 1.64 #@] 

Asl.1,18 Bis-p-thiophenoxyphenylditelluride- (p-C,H.SC-H, ) Te, 

P-Thiophenoxyphenyltrichloride (4.2 g.) was added to
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hydrated sodium sulphide (Na,8.9H,0 ) ana heated at 95-100°C 

for fifteen minutes. The reaction was exothermic and the 

bis-p=thiophenoxyphenylditelluride separated as a red oil, 

The mixture was then diluted with water, and on cooling the 

ditelluride separated and was, reeryStallised fron petroloun 

ether (40/60'0)to yield red needles which melted at 88-90°C 

(lit. 89-90°C) 37 

CFound 0, 45.90; H, 2,80: Ca,HygSpTe requires C, 46.07; 

H, 2.90 4] 

Acl.1.19 p-Bromophenyltelluriumtrichloride, p-Bre,H,TeCl , 

Tellurium tetrachloride(27%0g.) and bronobenzene (150 en) 

were refluxed for twelve hours. The mixture was allowed to 

cool and the crystals formed were collected, washed with 

benzene and dried in a vacuum desiccator MeP. 209°C dec, 

(1ita 210°C) 39 

Cround ¢, 18.30; H, 0.97: CoH, Br,Te requires C, 18.48; 4°74 
H, 1.04 3] 

A.1.1.20 p-Bronophenyltribromide. p-Bre;H Tebr, 
  

Bromine in carbontetrachloride was slowly added to a 

cold solution of di-p-bromophenylditelluride (0.57 g.) in 

carbon=tetrachloride, The yellow Precipitate wos recryst-= 

allized from glacial acetic acid MePe 223=5°C, 

(Found C, 13,62; H, 0.70: CeH,Br, Te requires C, 13.76; 

Hy, O.77 % J
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Agl.1.21 Bis-p=-bromophenylditelluride. (p-BrO,H, )-Te,, 

p-Bromophenyltelluriumtrichloride 3,90 g. (0.01 nol.) 

i doo on? of ethanol was slowly added to a refluxing mixture 

of hydrazine 362 g. (0.1 mol,) in 20 om? of ethanol. In the 

beginning every addition resulted in a vigorous evolution of 

No « When this evolution had ceased the mixture was filtered 

whilst still hot. On cooling (finally to -25°C) ditelluride 

erystals separated mep, 161-162°C (lit. 162-163°C) 2 

(Found C, 25,15; H, 1,30: C,jHgBrjTe, requires C, 254403 

H, 1.42 2] 

Asl.2 PREPARATION OF DIARYLTELLURIUMDI CHLORIDE 
  

AND DIARYLDITELLURIDE. 

Ael.2.1 Di-(p-methoxyphenyl)telluriundichloride. (2-CH(C,H, | Tech, 

Di-p-methoxyphenyltelluriumdichloride was prepared 

from the reaction of anisole and telluriumtetrachloride 

using the method described by Kellett 39 Telluriuntetra= 

chloride (15 gs) and anisole (30 g.) were heated for 

twenty-four hours at 150-180°C, The solution was then 

Allowed to solidify in vacuum. The crystalline product 

which separated was recrystallized fron benzene/petroleun 

ether (40/60) to give colourless prisms. Yield 12.9 g. 

mop, 181°C (lit, mp. 181+182°¢) 35 

[Found C, 40.81; H, 3.48; Te, 30.91: Cy 4H Cl p0pTe requires 

C, 40.73; H, 3642; Te, 30.93 %]
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Aels2s2. Di(p-methoxyphenyl)telluride. (p-CH,0C,H, )>Te 

The di(p=methoxyphenyl)telluriumdichloride (10 g.) 

was dissolved in benzene (50 ew) and a saturated solution 

of potassium metabisulphite (60 én?) was added to it and then 

the mixture was stirred for four hours at room temperature, 

The organic layer was separated and washed with distilled 

water, The benzene solution was separated and the solvent 

evaporated under vacuum to leave behind light yellow solids 

when then recrystallized from aqueous alcohol, yield 6.7 g 

Mepe 54°C, (lit. 53-54°C) o 

CFound C, 49.30; H, 4.33 Te, 37.14: C148) 40 Te requires 

C, 49.18; H, 4.13; Te, 37.35 2] 

Awl.2.3. DAi(p-ethoxyphenyl)tellurium dichloride. (p-C,H,0C,H,),Tecl, 
  

The di(p-ethoxyphenyl)telluriumdichloride was prepared 

34 
following the method of Morgan & Drew, a Tellurium 

tetrachloride (22 g.) was mixéd with phenetole (95 ge) 

and the mixture was refluxed for eight hours at 180-190°C 

in an oil bath. Hydrogen chloride was evolved and the 

addition of petroleum ether to the mixture when cold 

caused the deposition of bis-p-phenetyltelluriumdichloride; 

which was purified by reerystallization from methanol, 

The dichloride formed colourless, glistening, prismatic 

needles. Yield 20 g, meps 108°C (14%, 108°) 4° 

[Found ¢c, 43.20; H, 4,163 Te, 28,89: C, 6H, gC1,0,Te requires 

C, 43.59; H, 4.12; Te, 28.89 4]
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Av1.2.4. Di(p-ethoxyphenyl )telluride. (p-C,H, OCH, )oTe 

The di(p-ethoxyphenyl) telluride (15 gs.) was dissolved 

in benzene (80 om?) and to this solution a saturated solution 

of potassium metabisulphite (60 én) was added and the mixture 

was stirred for six hours at room temperature, The organic 

layer was separated and washed three tines with distilled 

water. The organic layer was evaporated under vacuum and 

the residue was crystallized e708 aqueous methanol, Yield(10 ¢.) 

Mepe 64°C (1it. 64°C) 

[round ¢, 52,25; H, 4.98; Te, 34.46: ¢ 

C, 51.95; H, 4.91; Te, 54.52 4] 

164) go Te requires 

Asle3s PREPARATION OF SULPHUR CONTAINING LIGANDS 
  

te 
NNN N Tetramethyldithio-oxamide was prepared by reaction 

‘7 
of NNN N tetramethyl-oxamide with phospherus pentasulphide 

using an analogus preparation to that described by Hurd 41 

ei 

for the preparation of NNN N tetraethyldithio-oxamide, 

AF 

Avl.3.1. Preparation of NNN N Tetramethyl-oxamide 

(CH3)5 = N= G= 0 

(CH,),-N-C¢=0 

  

A solution of 250 ene (4.0 nol.) of dimethylamine in 

3 42 3400 om 75 em? (1 mol.) of dry benzene was prepared, 

of oxalylchloride in 1500 en? of dry benzene was added to 

this solution with stirring, the mixture then being cooled 

in an ice-bath. After standing for sixteen hours the



= 263 = 

dimethylaminehydrochloride was filtered off and the benzene 

solution of tetramethyloxamide evaporated under vacuum to 

give 82.0 g. of crude product. Recrystallisation from 

dry diethylether gave white needles mp. 79°C (lit. go°c) “2 

[Found C, 49.65; H, 8.10; N, 19.20: C6H oN,0, requires 

C, 49.97; H, 8.40; N, 19.44 4] 

Tee 
Aol. 22 Preparation of NNN N Tetramethyldithio-oxamide, 

=a) =) CaS (Gi) = ¥ - @ 
(CH,))-N-C=S 

Pav 

NNN N Tetramethyloxamide (10 g.) in 150 en? of dry 

xylene was heated to reflux and phosphorus pentasulphide 

642 g. (0.4 mol.) added in small increments. The mixture 

was refluxed for four hours then filtered off hot and 

finally the solution was allowed to cool overnight. ‘The 

yellow solid which crystallized out was filtered off, and 

washed with a little dry xylene to give 5.2 g. of crude 

Product, Reorystallisation from dry ethanol gave yellow 

needles. m.p. 137°C (lit. 137°C) 42 

[Found C, 40.55; H, 7.36; N, 15.89: CcH, N.S, requires 

C, 40.91; H, 6.87; N, 15.91 4] 

YD 
Ael.3.3. Preparation of NNN N Tetraethyldithio-oxamide, 
  

(CoH) - N ¢ = 6 

(CoH, )5 - N - C=S 

4 
Tetraethyloxamide 3 was first prepared from 

diethylamine and oxalylchloride and the product reacted 

with phosphorus pentasulphide to form tetraethyldithio-= 

26 
oxamide as described by Hart et, al. a modification
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of the method first described-by Hurd et. en 

Tetraethyloxamide was prepared by the slow addition 

of oxalylchloride 100 gs (0.8 mol.) to a xylene solution 

(790 em?) of dicthylamine 324 cm> (3,2 nol.). The mixture 
was cooled in an ice bath during the addition. After 

standing for sixteen hours the diethylamine hydrochloride 

was filtered off, and the xylene solution of tetraethyl- 

oxamide transferred to a two=-necked boiling flask and 

brought to reflux, To the refluxing solution was added 

71.3 g. (0.32 mol.) of phorphorus pentasulphide in small 

inecrenents, The mixture was then refluxed for a further 

four hours, cooled and filtered. The xylene solution of 

mun w tetraethyldithiooxamide evaporated under vacuun 

to give 140 g. of aie oily brown solid. This product was 

purified by treatment in a hot ethanolic solution with 

charcoal and recrystallization from ethanol gave 106 ¢. 

of a white solid, mp. 88-89°C (144. 88-90%) ** 

[Found C, 52.05; H, 8.65; N, 12,05: Ci pHogNaS. requires 

C, 51.72; H, 8.70; N, 12,07 4] 

Ac1s3e4, Preparation of NN dimethylaithio-oxamide 
  

H 
CH, i c=S8 

| 
CH, - i- c=s 

/ 
NN dimethyldithio-oxamide was prepared by reaction 

of dithio-oxamide 12 g. (Ool mol.) with 6.2 g. (02 mol.) 

of methylamine in 60 on? of ethanol, The solution was stirred 

at room temperature for four hours, then left to stand overnight, 

The solid which was obtained was filtered off and purified by
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recrystallization using ethanol and charcoal to give yellow 

crystals, meps 138°C (lit. 140°C) 41, 44 

[round ¢, 32.63; H, 5.52; N, 18.82; C4lgN pS, requires 

Cy 32.42; H, 5044; w, 18.91 4)
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A.21 INTRODUCTION 

Since a large nunber of organotelluriun compounds were 

being prepared during the course of practical work; a new 

rapid procedure for the determination of the tellurium content 

was desired. Broadly there are three types of analytical 

methods available for the determination of telluriun; 

g@ravinetric, titrimetric and spectrophotometric, 

A gravimetric method for the analysis of tellurium in 

organotellurium compounds was developed by Drew aud Porter. ao 

This method is applicable to alkyltellurium compounds only, 

Also a new gravimetric method was developed by Tsao 196 nich 

involves fusion of the organotellurium coupounds with sodiun 

peroxide in a Parr bomb. The product obtained was finally 

reduced to tellurium metal and weighed. ‘his method applied 

to all types of organotelluriun compounds. The only 

disadvantage is that it involves a very tedious procedure. 

The particles of tellurium oxidise leading to high results. 

A titrimetric method was developed by Kruse et al. a 

The sample was decomposed, first by heating with 70% nitric 

acid and then with a mixture of 30% aitric acid and 70% 

perchloric acid. To this final solution a known excess of 

iron (II) ammoniun sulphate solution was addec, and using 

standard potassium dichromate, back titration was performed, The 

Kruse et al method is less tedious than Tsao's method but it 

is subject to nore errors and requires more samples for each 

analysis, oN



A spectrophotometric method for analysis of telluriun 

in alloys by using atomic absorption spoctroscopy, has beon 

reported 191,192, lone of these methods for the preparation 

of sample solutions can be used to prepare o suitable solution 

of organotellurium conpounds. Adaptation of this nethod for 

aryltelluriuntrihalides was described by Thavornyutikarn??°, 

A 15-50 me. sample was decomposed with a nixture of 3-4 en? 

of nitric acid and 3-4 en? of perchloric acid which was 

carefully heated on a hot plate, The acids were allowed 

to evaporate slowly to dryness in a very efficient fume- 

cupboard, for one and a half hours. The white residue 

obtained was dissolved in warm distillod water and 0.5 en? 

of hydrochloric acid and the solution was then made up to 

an exact volume in a volumetric flask (50 en’). The absorption 

of this solution was recorded by atomic absorption spectro- 

photometry, 

In the modification described here@#2 the oxygen flask 

technique is used to decompose the organotelluriun compounds 

and then the tellurium solution produced is submitted to atomic 

absorption spectrophotometry. Various organotellurium compounds such 

as diaryltellurides, diaryltelluriumdichlorides, aryltelluriun-= 

trihalides, aryltelluriuntrihalide conplexes and telluriun- 

tetrahalide complex with sulphur donor ligands were used in 

order to evaluate this method, 

The onygen flask nethoal93~207 is a well known procedure 

for the decomposition of organic materials,
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194 
In 1892, Hempel introduced the noethod of 

oxygen flask combustion of organic materials tor the deter- 

mination of sulphur in coals and other materials. The sample 

was ignited electrically in a platinum gauze basket suspended 

from the stopper of a 10 litre bottle which had been filled 

with oxygen, Meslans 195 in 1893 suggested a method for the 

determination of fluorine in gaseous alkylfluorides whereby 

the gas would be fed into a partially evacuated flask 

containing oxygen. Graefe ce in 1904 recomnended the use 

of cotton thread or filter paper as a fuse instead of 

electrical ignition, and provided oxygen frou the sodiun 

peroxide in the absorbing solution, Using this method the 

determination of halogens was first developed by Marcusson 

and Doscher eal « A large separating funnel, as a combustion 

vessel, was used by Votocek 198 in 1922 so that the absorbent 

could be more readily transferred to a convenient flask for 

titration. The determination of chlorine was obtained this 

way. Roth Be in 1950 determined traces of sulphur by 

00, 201 = 2 
ignition of samples. Schoniger Proved the oxygen flask 

method was versatile and how accurate the procedure could be 

for micro work for organic materials. Virtually all later 

investigations have been carried out from Schoniger's papers. 

The oxygen flask method is a well known procedure for 

the fast decomposition of organic materials for the determin- 

199,200 202 
ation of halogen and sulphur » Phosphorus » arsenic, 

203 
boron, zinc, cadmium and magnesium complexes » calciun, 

204 , 20 
cobalt and barium complexes » copper 2 » Manganese and 

206 207 
nickel » and selenium but the latter element is said 

to attack the platinum gauze and this leads to inaccurate 

results,
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Organic tellurium compounds can be deternined by a 

very simple procedure based on the titration, gravimetric 

or spectrophotometric une The oxygen flask technique 

is an extremely fast means of decomposing organic materials 

for the determination of various elements and so it was 

decided to investigate its applicability to a wide range of 

organotellurium compounds, Various aryltelluriumtrihalides, 

diaryltelluriumdichlorides, diaryltelluride, arylteiluriun= 

trihalides complexes with sulphur donor ligands and telluriun- 

tetrahalide complexes such as RTeX,, R,TeC1,, R,Te, RTeX,tedto 
3 

RTeX,tmato, Rte (tt2) Xx, and TeX, tmdto where X= Cl, Br or I, 

R = Phenyl, P-CH,C Hy» p-CH,0CEHy» PrOpH, OC GHy» p-C¢H, OC 6H, : 

14 
p-CcH SCGH,» p-BrCg Hy» tedto is NNN N tetraethyldithiooxamide, 

7 
tmdto is NY! N tetramethylaithiooxamide and ttz is thiasolidine- 

2-thione were studied in order to evaluate the uethod. 

As2.2 EX PERIMENTAL 

A.2.2.1 The instrument 

The Perkin-Elmer Model 303 Atouic Absorption spectro- 

Photometer (Fig.A2-12) equipped with a vertin-Blnuer recorder 

Model no. 56 and a Fischer-Porter Burner regulator (Pig. A2=-3) 

[air flow rate 9 acetylene 7-8] was used for the analysis of 

the tellurium content in the organotellurium conpounds., This 

instrument is a double-bean ac systen type, The instrument 

is represented in diagranatic form in figs. ones seco ae
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By a rotating sector mirror, the emission from the 

Spectral source (a tellurium hollow-cathode lamp) is split 

into two beams. One beam is directed through the sampling 

flame and the other bypasses it, The two beams are recombined 

by a semi-transparent mirror, and thon they pass through a 

monochromotor to a photomultiplier detector, After this the 

signal is separated into sample and reference channels by 

a vibrating-reed chopper. The reference voltage is then 

attenuated by a slide-wire and recombined with the sample 

voltage, in such a way that the difference is taken between 

them. This different voltage is amplified, rectified and 

fed to a microamneter, The operator turns the slide-wire 

until the meter reads a null meter. A counter geared directly 

to the slide-wire is made to read out in percentage absorption. 

Alternatively, this nulling process can be accomplished auto- 

matically, by the use of a servomotor to drive the slide-wire. 

A.2.2.2 The procedure for the determination of the Absorbance 
  

in atomic absorption spectrophotometer Model 303. 
  

The operating procedure and the problems encountered arising 

from the use of the instrument, are given in the manual. Also 

a general procedure used to run the analysed solutions was 

provided, 

The Activion tellurium hollow-cathode lanp was fitted into 

its holder, the power was switched on. The source knob was 

slowly turned clock-wise until the operating current of the 

lamp was 10 mA. After warming up the lamp and the instrunent 

for thirty minutes, a wavelength of 214,2 nm, slit 4, range J.V. 

and the appropriate filter were set according to the manual,
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The gain control was adjusted to bring the needle on the 

energy meter to the black portion of the scale, and the fine 

wavelength control was adjusted to aaximun detection (to the 

right on the energy meter). 

The flowmeter was adjusted to air and acetylene at 

9 and 7-8 respectively, After lighting the flame, distilled 

water was aspirated and the zero control was adjusted to 

bring the meter to gero detection at 0,00 absorption reading. 

The scale of expansion and noise suppression were selected on 

a Perkin-Elmer recorder (Model No.56). 

The standard and sample solutions of telluriun were 

analysed by the instrument. he absorptions were obtainod 

either from the absorption scale, by bringing the needle of 

the zero meter to zero or fron the chart paper of the readout 

unit. In order to verify base line stability, distilled 

water was run between each standard or sanple solution, 

To obtain the base result each solution aust run for at 

least thirty seconds. 

The calibration curve was obtained by the dilution of 

1000 pg. Te/ml, solution to give seven standards within the 

range 5-50 pe. Te/ml. For every six samples the run of the 

standard solutions were reported, 

The percentage of absorption in the sample and in the 

standard solutions were converted to absorbance by using 

table A, 21,
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A.2.2.3 Apparatus for the oxygen flask method. 

A conical flask (500 en?) with a B24 ground glass joint 

was used for this method which was suitable for the combustion 

of 3-10 mg. of organotellurium compounds, A short platinun 

wire (1 mm. diam.) was sealed into an airleak as shown in 

figeA2-5 and ail.e5 x 2.0 om oblong platinum gauze (36 mesh) 

was spot welded to the wire. The length of the wire should 

be about 5 cm so that the gauze was positioned just below the 

centre of the flask. The edge of the gauze should be turned 

over or welded in order to hold the paper securely. 

The standard (Analar telluric acid) was weighed by using 

a"Stanton" balance but the saaples (organotelluriun compounds) 

were weighed by using an “oertling micro balance Model 147". 

Analar telluric acid (purity 99.5%), as standard, was 

obtained from Hopkins and Williams Ltd, Hydrochloric acid 

(Amalar) and hydrogen peroxide (50%) were obtained from 

Fisons Ltd, 

The stock solution of 1000 PS Te/ml. was prepared by 

dissolving telluric acid 1.7951 g. with distilled water in a 

one litre volumetric flask containing concentrated hydro- 

chloric acid (10 em). This stock solution was stored 

in a polythene bottle in order to avoid alteration of the 

concentration. From the stock solution seven different 

concentrations were prepared between 5-50 Po 1 ml. and
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a typical calibration curve is shown in figure A.2-6 

A.2.2.5 The procedure for the decomposition of organotellurium 

conpounds by the oxygen flask method, 
  

Samples were weighed between (3-10 mg.) in a weighing 

tube, from a 3 x 3 cm square of Whatman No. 42 filter paper 

which has a 3 cm fuse protruding (fig.A2-5). The paper was 

wrapped up carefully and secured in the platinum hinge which 

nor 
had previously been heated to redness and cooled. 15 cm 

distilled water, 1 ene of (50%) hyirogen peroxide and 1 en3 

of hydrochloric acid was added to the flask and a fast flow 

of oxygen was passed through it for about 1 ainute. (SAFETY 

GLASSES MUST 32 WORN DURING THE NEXT OPERATION]. The filter 

Paper and sample were ignited and the stopp r was luserted 

quickly and the flask was inverted, turning it so that the 

solution formed a seal, The stopper and flask were held 

very firmly together during the combustion. The flask was 

shaken intermittently for about 10-15 minutes, until all the 

econbustion products appeared to have been dissolved and then 

they were transferred to a volumetric flask (50 on). The 

stopper and gauze were washed with 5 c 13 of iistilled water 

three times in orier to make sure no solutions were left 

undissolved, The volume was made up to 50 ca with distilled 

water, 

The solutions of the standard and the unknown 4,602 ms. 

(p-O,H.0C-H,TeC1 ,tedto) were analysed by an atonic absorption 

spectrophotometer to determine the absorption, and the results 

are shown in table A,2=2,
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A calibration graph was obtained by plotting standard 

concentrations versus their absorbance as shown in Fig. A2-6,. 

The unknown concentration read off from the graph is shown 

in fig. A.2-6. 

18.5 pe/ml. x 50 ml. x 100 
The Te percentage = 6 

0.004602 x 10° pg 

The Te percentage = 20.10 

The other samples were analysed using the same procedure 

as above and the results are shown in tables A.3-3/4/5. 

A.2.3 DISCUSSION 

In general to decompose aryltellurium compounds, a 

mixture of concentrated nitric and sulphuric acids or 

concentrated nitric and perchloric acids may be used, a tine 

consuming process which is usually two to three Motne cae a 

difficult to evaporate sulphuric acid at a low temperature in 

a short time because it has a high boiling point 338 Ce The 

mixture evaporates at a high temperature, when the rate of 

evaporation is increased it may cause the loss of the sample. 

Organotellurium compounds have been decomposed by 

a mixture of concentrated nitric and perchloric acids 

The weight of the samples used were between 15-50 mg, and the 

time taken to decompose about one and a half howee soe 

The disadvantage of the acid method of decomposition for 

the analysis of tellurium is that the decomposition of the 

compounds by a mixture of concentrated nitric and perchloric



EN ie 

acids is potentially dangerous due to the explosive nature 

of perchloric acid. 

"“Analar" telluric acid (HgTe 0, ) was used for the 

preparation of the standard solution which was more convenient 

axl 
than the recommended method, of using telluriun metal, 

When following the recommended method, the telluriun 

metal has primarily to be dissolved in concentrated nitric 

acid, and then this acid has to be expelled by addition of 

hydrochloric acid and further heating which can easily 

introduce errors in the preparation of the standard solution. 

The two methods of decomposing the organotelluriun 

compounds were compared. The first method takes one and a 

half hours using concentrated nitric aid coucentrated perchloric 

acids (sample weight 15-50 mg.), and the oxygen flask method 

takes only thirty minutes using a sample weight of 3-10 mg. 

and a lower concentration of acid. 

The determination of the tellurium content of organo- 

tellurium compounds by their decomposition using the oxygen 

flask technique followed by atomic absorption spectrophoto- 

metry has found to be successful as show in tables A,2-3/5. 

A wide varicty of tellurium compounds containing between 13-42%7e. 

were analysed by this method, Diarylditelluride (such as di- 

P-anisylditelluride) were not completely oxidised however, 

Presumably, they were not decomposed, 

Nine analyses of tetraethyldithio-oxamide complex with 

p-phenoxyphenyltelluriumtrichloride were obtained, The standard
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deviation and coefficient of variation are 0.11 and 0.553 

respectively as equation 1 and 2 (see table A.2-G). 

aera Q@) 

1008 Suaiisaers (2) 
  

where S = standard deviation 

oe 
ar   x = the mean value (= 

x = the true value 

n = number of determination 

ce = coefficient of variation 

From table Ae2-7 and equation 1, standard deviation of 0.23 

for forty-one other samples (such as aryltelluriumtrihalidcs, 

diaryltellurides, diaryltelluriumdichloride, aryltelluriun- 

trichloride complexes with sulphur donor ligands and 

tellurium tetrahalide complexes) was obtained,
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COMBUSTION OXYGEN FLASK 

(b) 

Figure A,2-5 

(a) 
fold lines indicated. 

() 

APPARATUS: 

Ashless filter paper used for wrapping sample with 

Conical flask with platinum sample holder.
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Table A 2-1VALUES OF ABSORBANCE FOR PER CENT ABSORPTION 

convert per cent adsorption (%A) to absorbance, find the per cent absorption to the nearest whole digit 
the left-hand column; read across to the column located under the tenth of o per cent desired, and read 

» value of absorbance. The value of absorbance corresponding to 26.8% absorption is thus 0.1355. 

aie Oi soeaetT 2 3 “a 5 6 7 8 9 

0000 0004 0009 0013 -0017 .0022 0026 0031 ~ .0035 0039 
-0044 0048 0052 0057 -0061 0066 .0070 0074 -0079 -0083 
0088 -0092 0097 -0101 -0106 0110 0114 0119 .0123 0128 
0132 -0137 0141 0146 -0150 0155 0159 0164 0168 0173 
0177 -0182 0186 0191 -0195 0200 -0205 -0209 0214 0218 
0223 -0227 0232 -0236 0241 0246 .0250 0255 0259 = 0264 

0269 0273 0278 0283 .0287 0292 0297 -0301 0306 0311 
0315 -0320 0325 0329 0334 -0339 0342 -0348 0353 0357 
0362 -0367 0372 0376 -0381 0386 -0391 0395 -0400 0405 
0410 0414 10419 0424 -0429 0434 0438 0443 0448 -0453 
0458 -0462 0467 0472 0477 0482 0487 -0491 0496 -0501 
-0506 -O511 -0516 -0521 -0526 0531 0535 -0540 -0545 -0550 

.0555 -0560 -0565 -0570 -0575 0580 0585 -0590 0595 -0600 
-0605 0610 -0615 0620 +0625 0630 0635 -0640 0645 -0650 
0655 -0660 0665 0670 0675 0680 0685 0691 -0696 -0701 
0706 0711 0716 9721 0726 .0731 0737 0742 0747 -0752 
0757 -0762 0768 .0773 0778 .0783 -0788 0794 0799 0804 
0809 0814 -0820 0825 -0830 0835 0841 -0846 -0851 -0857 

0862 0867 0872 0878 -0883 0888 0894 0899 0904 -0910 
0915 0921 0926 093) 0937 0942 0947 0953 0958 0964 
-0969 0975 0980 0985 0991 0996 -1002 -1007 1013 -1018 
-1024 +1029 1035 1040 1046 1051 -1057 -1062 -1068 -1073 
1079 -1085 1090 -1096 1101 -1107 WN3 1418 1124 1129 
1135 1141 1146 ht52 1158 1163 1169 -W75 1180 1186 

-1192 1198 -1203 -1209 1215 1221 -1226 -1232 -1238 1244 
1249 1255 1261 -1267 1273 1278 1284 1290 1296 -1302 
-1308 1314 AD +1325 1331 1337 1343 1349 1355 -1361 
-1367 1373 1379 1385 -1391 -1397 -1403 1409 1415 +1421 
-1427 1433 1439 1445 -1451 1457 1463 1469 1475 1481 
-1487 1494 -1500 1506 1512 1518 1524 -1530 .1537 1543 

1549 1555 1561 1568 -1574 .1580 1586 1593 71599 -1605 
-1612 1618 +1624 -1630 - 1637 1643 1649 -1656 1662 1669 
1675 1681 -1688 1694 -1701 1707 1713 1720 1726 1733 
1739 1746 1752 ao: 1765 1772 1778 1785 1791 1798 
-1805 1811 1818 1824 1831 1838 1844 -185) - 1858 1864 
-1871 1878 1884 1891 -1898 -1904 1911 1918 1925 1931 

-1938 1945 1952 1959 1965 1972 1979 -1986 1993 -2000 
-2007 -2013 +2020 .2027 -2034 -2041 -2048 -2055 +2062 +2069 
-2076 -2083 -2090 -2097 -2104 2111 2118 wales -2132 -2140 
.2147 2154 2161 2168 2175 -2182 .2190 ez 1y7 2204 2211 
2218 +2226 22233 2240 2248 -2255 -2262 2269 2277 2284 
.2291 -2299 2306 2314 -2321 .2328 2336 2343 2351 -2358



n0 
2366 
244) 
2518, 
2596 
2676 
2757 
.2840 
2924 
-3010 
-3098 
3188 
3279 

3372 
3468 
+3565 
3665 
3768 
-3872 

3979 
-4089 
42 
4318 
4437 
4559 

4685 
4815 
-4948 
5086 
5229 
-5376 

5528 
5686 
-5850 
6021 
6198 
-6383 

6576 
6778 
-6990 
7212 
7447 
7696 

7959 
8239 
+8539 
-8361 
-9208 
-9586 

J 
.2373 
2449 

-2526 
-2604 
+2684 
2765 

-2848 
-2933 
3019 
-3107 
-3197 
3288 

-3382 
3478 
3575 
3675 
-3778 
3883 

-3990 
-4101 
4214 
-4330 
-4449 
4572 

4698 

4828 
4962 
-5100 
5243 

15397 

5544 
-5702 
5867 
6038 
6216 
+6402 

6596 
6799 
7011 
7235 
7471 
772 

7986 
-8268 
-8570 
8894 
19245 
9676 

a 
-2381 
.2457 
+2534 
2612 
+2692 
2774 

+2857 
294) 
3028 
3116 
+3206 
+3298 

3391 
3487 
-3585 
3686 
-3788 
+3893 

-4001 
4112 
-4225 
4342 
4461 
4584 

4711 
-484) 
4976 
5114 
-5258 
5406 

5560 
5719 
-5B84 
-6055 
6234 
6421 

6615 
6819 
-7033 
-7258 
7496 
7747 

-8013 
-8297 
-8601 
£928 
9281 
9666 
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Table A2-1 CONTINUED 

as 

-2388 
-2464 
.254) 
.2620 
-2700 
.2782 

-2865 
:2950 
3036 
3125 
+3215 
-3307 

-3401 
3497 
3595 
3696 

..3799 
-3904 

-4012 
-4123 
4237 
-4353 
4473 
4597 

4724 
4855 
-4989 
5129 
-5272 
5421 

5575 
.5735 
-5901 
-6073 
-6253 
6440 

6635 
-6840 
7055 
-7282 
7520 
1773 

8041 
8327 
-8633 
8962 
9318 
-9706 

4 

-2396 
-2472 
+2549 
+2628 
+2708 
-2790 

-2874 
-2958 
-3045 
+3134 
+3224 
+3316 

-3410 
-3507 
+3605 
-3706 
-3809 
3915 

-4023 
4134 
4248 
4365 
4485 
-4609 

4737 
-4868 
-5003 
5143 
5287 
5436 

5591 
-5751 
5918 
6091 
6271 
6459 

6655 
-6861 
-7077 
.7305 
7545 
1799 

-8069 
-8356 
-8665 
8996 
+9355 
9747 

& 
+2403 
-2480 
.2557 
+2636 
2716 
-2798 

+2882 
2967 
-3054 
3143 
+3233 
3325 

3420 
+3516 
-3615 
3716 
-3820 
«3925 

-4034 
4145 
-4260 
4377 
4498 
4622 

.4750 
-4881 
-5017 
-5157 
-5302 
5452 

5607 
-5768 
5935 
-6108 
-6289 
6478 

6676 
-6882 
.7100 
7328 
7570 
7825 

-8097 
-8386 
8697 
-9031 
9393 
-9738 

6 
i241) 
.2487 
.2565 
.2644 
.2725 
.2807 

-2890 
2976 
.3063 
-3152 
3242 
3335 

3429 
3526 
-3625 
3726 
-3830 
-3936 

4045 
4157 
4271 
4389 
4510 
4634 

4763 
-4895 
-5031 
5171 
5317 
5467 

5622 
5784 
9952 
6126 
-6308 
6498 

6696 
-6904 
7122 
-7352 
7595 
7852 

8125 
8416 
8729 
-9066 
-9431 
-9830 

7 
2418 
2495 
:2573 
2652 
-2733 
+2815 

-2899 
2984 
3072 
3161 
3251 
3344 

3439 
-3536 
3635 
3737 
-3840 
3947 

-4056 
4168 
-4233 
4401 
4522 
4647 

4776 
-4908 
5045 
5186 
5331 
5482 

-5638 
-5800 
-5969 
6144 
6326 
6517 

6716 
6925 
7144 
7375 
-7620 
.7878 

8153 
-B447 
8761 
-9101 
9469 
-9872 

2426 
-2503 

:258) 
+2660 
274) 
2823 

+2907 
+2993 
-3080 
3170 
-3261 
+3354 

3449 
3546 
3645 
3747 
-3851 
3958 

4067 
4179 
4295 
-4413 
4535 
-4660 

-4789 
4921 
5058 
5200 
-5346 
5498 

5654 
5817 
-5986 
-6162 
6345 
6536 

6737 
-6946 
7167 
7399 
7645 
7905 

818? 
8477 
8794 
9136 
-9508 
9914 

oo 

2434 
.2510 
2588 
-2663 
2749 
+2832 

2916 
-3002 
3089 
wai79 

+3270 
+3363 

3458 
-3556 
3655 
-3757 
3862 
3969 

4078 
4191 
-4306 
4425 
4547 
4672 

-4802 
4935 
5072 
-5214 
-5361 
-5513 

-5670 
5834 
-6003 
-6180 
6364 
-6556 

.6757 
6968 
-7190 
7423 
.7670 
3932 

-8210 
-8508 
-8827 
9172 
ISAT 
9957
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TABLE A,2-2 

Analytical data for P- CoH, OCC HyTeCl_tedto 
. 2 

  

% Absorption 
  

  

  

mis Absorption| wt. of 
Solutions ace ona ices Absorbance oe ne 

' Reading| Reading! graph 

standard 5 ug/ml 7<0 8.0 7.5 0.0339 

standard 10 ug/ml] 13.0 | 14.0 | 13.5 0.0635 

standard 20 ug/ml] 24.0 24.0 24.0 0.1192 

standard 25 ug/ml! 29.0 | 29.0 | 29.0 0.1487 

standard 30 ug/ml| 33.0 33.0 33.0 0.1739 

standard 40 ug/ml] 43.0 43.0 43.0 0.2480 

standard 50 ug/ml) 49.0 | 50.0 | 49.5 0.2967 

sample No.1 22.0 | 22.6 | 22.0 0.1079 18.5 | 4.602 

sample No.2 22.0 | (22.0| 22.0 0.1079 18.5 | 4.652 

sample No.3 20.0 | 20.0 | 20.0 0.0969 16.5 | 4.150 

sample No.4 22.5 | 22.5 | 22.5 0.1107 19.0 | 4.756 

sample No.5 23,0] 23.0 | 23.0 0.1135 19.5 | 4.902 

sample No.6 21.0) 21.0 | | 21.0 0.1024 17.5 -| 4.432 

sample No.7 18.0] 18.0] 18.0 0.0862 15.0 | 3.808 

sample No.8 21.0) 2.01 21.0 0.1024 17-5 | 4.404 

sample No.9 22,5 | 22.5 |) 22.5 0.1107 19.0 | 4.760                
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TABLE A,2=3 

Ale 
Determination of tellurium in NNN N tetraethyldithio-oxamide 

complexes with p-phenoxyphenyltelluriumtrichloride 

(p-CcH, OC ¢H, Tec 
3 
tedto) 

  

  

  

Compound Te% obtained Te% calculated 

Sample No.1 20.10 20.03 

Sample No.2 19.88 20.03 

Sample No.3 19.88 20.03 

Sample No.4 19.98 20.03 

Sample No.5 19.89 20.03 

Sample No.6 19.83 20.03 

Sample No.7 19.70 20.03 

Sample No.8 19.87 20.03 

Sample No.9 19.96 20.03     
  

The p—phenoxyphenyltelluriumtrichloride complex gave 

satisfactory carbon, hydrogen, and nitrogen analyses 

as shown in table A, 2-5. 
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TABLE j,2-4 

Analytical data for organotelluriun conpounds 

  

  

  

# Absorption Absorption} wt. of 
Solutions iat: nae Absorbance reading | sample 

Reading| Reading Ave xeee from the | in mg. 
ia graph 

CcH.TeCl 37-0 37-0 37.0 0.2007 33.2 4.034 

CoH Tebr, 42.0 42.0 42.0 0.2366 39.6 6.896 

P~CH,O,H, Tec] , 42.5 | 41.5 | 42.0 0.2366 39.6 | 5.074 

P-CH C,H, TeBr , 4365 | 42.5 | 43.0 | 0.2441 40.5 | 7.240 | 

P-C,H, OC H,TeBr, 43.0 43.0 43.0 0.2441 40.5 7-758 | 

P-C5H,OCGH, TeCl 5 43.0 43.0 43.0 0.2441 40.5 6.436 

P-C 6H, OC cH, TeBr, 42.5 41.5 42.0 0.2366 39.6 8.348 

(p-CH, OCH, —)pPecl, 42.0 41.6 41.8 0.2351 3925 6.388 

(p-C,H, OC 5H = )pfeCl, 40.0 40.0 40.0 0.2218 37-0 6.404 

(p-CH,0C,H,-),Pe 41.0 | 42.0] 41.5 0.2328 39.0 5.250 

Cg, TeCl ,tedto™ 16.0 | 16.0] 16.0 0.0757 14.0 | 3.002 

CoH tebrtedto 2520 2520 25-0 0.1249 21.0 5-504 

P-CH CEH, TeCl ,tedto 27.0 27-0 27-0 0.1367 23-75 | 5.198 

P-CHCeH: TeBr,tedto 29.0 28.0 28.5 0.1457 24.0 6.540 

P-C¢H,OC¢H, Tec] ,tedto 23.0 23.0 23.0 0.1135 19.5 4.852 

P-CEH, OC H [,reBr,tedto 21.0 21.0 21.0 0.1024 17.5 5.378 

P~CcH-SC¢H TeCl ,tedto 25.0 25.0 25.0 0.1249 21.0 5-273 

P-CGH,SC-H, TeBrtedto 24.0 24.0 24.0 0.1192 20.25 | 6.056 

P-BrC cH, TeBr ,tedto 20.0 | 20.0} 20.0 0.0969 16.5 | 4.868 

TeCl, tmato* bs 27.0 27.0 27-0 0.1367 23.75 | 4-102 

TeBr, tmdto 23.0 24.0 23.5 0.1163 1925 4.782 

CoH recl, tmato 24.0 23.0 23.5 0.1163 19.5 3.730 

Cguneeyeaemece 28.0 27.0 27.5 0.1397 24.0 5.996                
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a A Absorption att Aseotion mt. of 
Solutions sorbance readin, sample 

Say pete atts | fron the in a 

is ee | 
P-CH,C¢H, TeCl ,tmdto 27-0 27-0 27.0 0.1367 | 23-75 | 4.720 

P-CH,0¢H,TeBr,tmdto 29.0 29.0 29.0 0.1487 25.0 6.240 

P-CH,0C,H,TeCl,tmdto | 25.0 | 26.0 | 25.5 0.1278 21.5 | 4.326 

P-CH,0C-H, TeBr.tmdto 27.0 27.0 27.0 0.1367 | 23-75 | 6.032 

P~CjH,0C-H,TeC1,tmdto | 24.0 | 24.0 | 24.0 0.1192 | 20.25 | 4.184 

9-051, 00-H, TeBr,tmdto 26.0 27.0 26.5 0.1337 | 22.75 5.980 

P~CcH, OCcH, TeC1 ,tmdto 26.0 25-0 25-5 0.1278 | 21.5 4.850 

P-CcH, OC5H, TeBr.,tmato 24.0 24.0 24.0 0.1192 20.25 5.802 

P=CcH.SC.H,TeCl ,tmdto 23.0 23.0 23.0 0.1135 19.5 4.620 

Te(ttz),c1,"** 24.0 | 24.0 | 24.0 0.1192 | 20.25 | 4.004 

Te(ttz),Br, 2350, 423.0 123.0 0.1135 19.5 50276 

Te(ttz) 1 32.0 31.0 31.5 0.1643 27-25 | 9.226 

e(ttz),Cl,.H,0 24.0 24.0 24.0 0.1192 20.25 5-558 

Te(tts) Br, 26.0 26.0 26.0 0.1308 23.5 72254 

ee Te(ttz), Br, |20.0 | 20.0 | 20.0 0.0969 16.5 | 6.166 

Cc.) HOC EH, Te(ttz)c1, 24.0 24.0 24.0 0.1192 20.25 3.816 

dra a ieast 29.0 30.0 29.5 0.1518 25425 | 6.474       

  
  

        
  

* tedto is NNN N tetraethyldithiooxamide 
ee 

« «* tmdto is NNN N tetramethyldithiooxamide 

* * xttz is thiazolidine-2-thione 

‘Zi ‘
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TABLE A, 2-5 

Determination of tellurium in organotellurium compounds. 

  

  

  

Compounds % Te %c aH aN 

C gH Tec, 41.15 22.75 1.55 

(41.04) (23.20) (1.60) 

Cg tebr , 28.72 16.21 117 

(28.72) (16.20) (1.15) 

5 ‘ Be P-CH,C,H yrecl , 39-02 25.85 05 

(39.27) (25-90) (2.10) 

p-CH,C,H,TeBr, 27.97 18.65 1.65 

(27-84) (18.30) | (1-55) 

p-CoH,OC.H,TeBr, 26.10 26.95 | 2.56 

(26.13) (27.10) (2.55) 

P-C,H, OCH, TeCl, 31.46 36.05 | 2420 

(31.65) (35.80) (2.25) 

P-C¢H OCH, TeBr, 23.72 26.55 1.67 

(23.78) (26.50) (1.70) 

(p-CH,OCGH,-),TeCl, 30.91 40.81 3.48 

(30.93) | (40.73) | (3-42) 

(p-CH,0¢gH1,~) 96 314 | 49.30 | 4.30 
(37-35) | (49-18) | (4.23) 

(p~CoH,0C.H,~),TeCl 28.91 43.20 4.16 

(28.96) | (43.59) | (4.12) 

(p-CH, OCH, ) Te 34.46 52.21 4.92 

(34.52) (51.55) (4.91) 

CgH.feC] ,tedto 23-32 35058 4e72 5-35 

(23.50) | (35-35) | (4-64) | (5-16) 

GH, TeBr ,tedto 19.08 28.28 3.91 4.19 
(18.87) (28.38) (3-73) (4.11)          
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Compounds 

p-CH,C¢H,TeC1 greato 

p-CH TeBr,tedto oot gteers 3 

P-C¢H,0C,H, Tecl greato 

p-0¢H, 00(H ,TeBr,tedto 

P-C¢H,SC¢H, TeCl greato 

p-0,H,SC(H, TeBr tedto 
3 

p-BrC,H,TeBr,tedto 

TeCl imate 

TeBr 4 tmato 

CGH, Tecl 3tmdto 

CH, TeBr,tmdto 

PCH, 0¢H,TeC1 apare 

p-CH 3°6H, (gTeBr,tmato 

p-CH OCH, TeCl 3tmdto 

p-CH,0C¢H,TeBr,tmdto   

anol 

22.84 

(22.91) 

18.35 

(18.48) 

20.10 

(20.03) 

16.34 
(16.61) 

19.91 
(19.54) 

16.72 

(26.27) 

16.95 

(16.89) 

28.95 
(28.65) 

20.39 

(20.47) 

26.15 

(26.20) 

20.01 

(20.57) 

25.16 

(25.47) 

20.03 

(20,12) 

24.85 
(24.68) 

19.69 

(19.62) 

O0- 

  

  

    

9 abet! i Sa f 
Zc %H oi | 

eae ee } 

36.14 4.89 5.12 

(36.62) (4.89) (5.01) 

29.86 4.22 4.19 

(29.55) | (4.00) | (4-06) 

41.86 5.02 4.46 

(42.17) (4.67) (4.47) 

34.58 3.70 3-79 

(34.36) | (3-82) | (3-79) 

40.84 4.64 4.41 

(40.55) (4.49) (4.30) 

33-22 3.70 3-53 

(33.66) | (3-72) | (3-57) 

25.93 3.51 S672 

(25.42) | (3.20) | (3-71) 

16.50 2.80 6.00 

(16.17) | (2.72) | (6.29) | 

12.15 2-11 4.19 | 

(11.55) (1.94) (4.49) 

29.63 | 4.22 | 5.75 | 
(29.57) (3-91) (5-75) 

23.89 3.36 4.60 

(23.21) (3.07) (4.51) 

30e37, 4.22 5.73 

(3114) | (3.80) | (5.59) | 
| 

25.28 3.50 4.30) | 
(24.60) (3-00) (4.41) 

30.61 3-70 5-73 

(30.17) | (3-70) | (5-42) 

24.10 3.21 3.91 

(23.99) | (2.95) | (4-31)  
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Required values in parenthesis 

, 
tedto is NNN N° tetraethyldithio-oxamide 

ee 

tmdto is NNN N tetramethyldithio-oxamide 

t+tz is thiazolidine-2-thione 

Compounds % Te | %C %H %N 

p-C,H0C-H,TeCl ,tmdto 24.20 32.52 he 31, 5.51 

(24.03) | (31-64) | (3-94) | (5-27) 

P-CpHOC cH, TeBr ,tmdto 19.02 | 26.07 3250 4.14 

(19.21) | (25-29) | (3-19) | (4.21) 

P-0;H,0C,H, TeCl ,tmdto 22.16 | 37.87 S185 edi Aedl 

(22.04) | (37231) | (3-66) | (4-84) 

p~CcH OC cH, TeBr,tmdto 17245 | 29.63 3.07 3.68 

(17-91) | (30.32) (2.97) (3.94) 

pC; H-SC-H Rech 3tmdto 21.10 | 36.34 4.12 4.41 

(21.45) (36.30) (3.87) (4-71) 

Te(ttz) Cl, 25229 14.86 2.26 5.40 

(25016) | (14.19) | (2-97) | (5-51) 
| 

Te(+tz),Br, 18.48 | 11.47 1.70 3.97 

(18.62) | (11.47) (1.47) (4.08) 

Pe (+tz) 1, 14.76 | 11.51 1.64 4.01 

(14.61) | (12.16) | (1-55) | (4-32) 

Te(ttz) Cl -H,0 18.22 | 20.96 3532 8.16 

(18.43) | (20.80) (3.20) (8.08) 

Pe (ttz) Bry 16.20 13.26 1.84 5.09 

(15.87) (13.30) (1.88) | (5.22) 

P-CH,0C,H, Te (ttz) Br, 13.38 19.80 2,81 5.95 

(13.42) (20.40) (2.85) (5-90) 

p-CpH,0C,H,Te(+#z)C1, 26.54 28.92 3.42 3.31 

(26.92) (28.00) (3.00) (3.00) 

P-C,H,00,H,Te(+t2) Cl, 19.50 33-14 3.00 4.14 

(19.91) | (33-69) (2.99) | (4-53)    



TABLE 4,2-6 

Data for the standard deviation of 

PCH, OC, Hy Tecl, tedto 

  

  

            

| | 
x <n (x - x) (x - Be 

20.10 19.90 - 0.20 0.0400 

19.88 19.90 + 0.02 0.0004 

19.88 19.90 + 0.02 0.0004 

19.98 19.90 - 0.08 0.0064 

19.89 19.90 + 0.01 0.0001 

19.83 19.90 + 0.07 0.0049 

19.70 19.90 + 0.20 0.0400 

19.87 19.90 + 0.03 0.0009 

19.96 19.90 - 0.06 0.0036 

where = the trwe value 

2x = the mean value (= 
n
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TABLE A,2~7 

Data for the standard deviation of organo- 

tellurium conpounds. 

  

fit tes 

  

  

x x (x- x ) (x-x ie 

41.15 41.04 - 0.11 0.0121 

26.72. | 28.72 0.00 0.0000 

39.02 39-27 + 0.25 0.0625 

27.97 27.84 - 0.13 0.0169 

26.10 26.13 + 0.03 0.0009 

31.46 31.65 + 0.19 0.0361 

23.72 23.78 + 0.06 0.0036 

30.91 30.93 + 0.02 0.0004 

37414 37-35 + 0.21 0.0441 

28.91 28.96 + 0.05 0.0025 

34-46 34.52 + 0.06 0.0036 

23-32 23.50 + 0.18 0.0324 

19.08 18.87 = 0.21 0.0441 

22.84 22.91 + 0.07 0.0049 

18.35 18.48 + 0.13 0.0169 

20.10 20.03 - 0.07 0.0049 

16.34 16.61 + 0.27 0.0729 

19.91 19.54 - 0.37 0.1369 

16.72 16.27 OAs 0.2025 

16.95 16.89 - 0.06 0.0036 

28.95 28.65 - 0.30 0.0900 

20.39 20.47 + 0.08 0.0064        
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2 = (f-x) | (-x)? 

26.15 26.20 + 0.05 0.0025 

25.16 2547 +-0531. 0.0961 

20.03 20.12 + 0,09 0.0081 

24.85 24.68 - 0.17 0.0289 

19.69 19.62 - 0.07 0.0049 

24.20 24.03 + 0.17 0.0289 

19.02 19.21 - 0.19 0.0361 

22.16 22.04 - 0.12 0.0144 

17.45 17.91 + 0.46 0.2116 

21.10 21.45 + 0.35 0.1225 

25429 25.16 - 0.13 0..0169 

18.48 18.62 + 0.14 0.0196 

14.76 14.61 - 0.15 0.0225 

18,22 18.43 + 0.21 0.0441 

16.20 15.87 - 0.33 0.1089 

13.38 13.42 + 0.04 0.0016 

26.54 26.92 + 0.38 0.1444 

19.50 19.91 * 0.41 0.1681 
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Preparation of arylselenium compounds,
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The preparative methods for arylselenium compounds are 

known and were carried out according to published procedures. 

Aw3el PREPARATION OF DIARYUSELENIUMDICHLORIDE. 

Ae3.1.1 Preparation of diphenylseleniumdichloride, 

Diphenylselenide was prepared by the reaction of 

36.0 3, of powdered potassium hydroxide and 24 g. of black 

powdered selenium which had been thoroughly mixed and heated 

in an oil bath to 140°¢, at which temperature they fused 

together. To a solution of the fused mass in 40 en? of ice 

water, an ice cold solution of diazotised aniline hydro- 

chloride (prepared from 13.8 g. aniline, 37 en? hydrochloric 

acid, 20 g, ice and 10.4 g, sodium nitrite) was added slowly 

in small portions at a time. This solution was then added 

in aslow stream from a dropping funnel to a solution of potassiun 

selenide, and then vigorously stirred with a mechanical stirrer. 

When all the diazotised solution had been added, the red 

aqueous solution obtained from the dark oil which formed, 

was decanted and then heated to boiling point, Whilst still 

hot this was poured back upon the viscous black mass, and then 

stirred. 30 en? of chloroform was then added and the elenental 

selenium was collected on a filter and washed with a little 

more chloroform, After separating the chloroforn layer, the 

aqueous layer was again extracted with 30 en? of chloroforn,. 

The combined extract was then distilled, and diphenylselenide 

was collected at 300-315°c, Yield 12 ¢.
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Diphenylseleniumdichloride was prepared by the reaction 

of 12 g. of diphenylselenide dissolved in 25 cn? of concent- 

rated nitric acid with 17 en? of concentrated hydrochloric 

acid. The dense yellow Precipitate which formed was filtered 

off, washed with water and erystallised twice from benzene, 

m.p. 176°C (14%. 178°) 17° 

(found ¢, 47.93; H, 3.45; Se, 26.11; ¢ SeCl, requires ratio 
G, 47.72; H, 3.28; Se, 25.98 3] 

4.3.1.2 Preparation of di (p-aethoxyphenyl)seleniundichlovide. 

Di (p-nethoxyphenyl )scleniumdichloride was obtained by 

the reaction of 6,24 g. (0.04 mol.) selenium oxychloride with 
4.32 g. (0,04 nol,) of anisole dissolved in 30 en of anhydrous 

diethylether, ‘The nixture was stirred and then allowed to 

stand for five days at roon temperature. The yellow orystals 

which formed were filtered off and recrystallised by dissolving 

in dry chloroform and Teprecipitated by adding dry diethyl- 

ether. The precipitate was filtered off and dried in a 

vacuum desiccator. m.sp. 162°C Cit. 163°c)r7° 

[Found ¢, 46.05; u, 3.87; Se, 21,91; Oy gHy,08ecl, requires 
C, 46.30; H, 3.87; Se, 21.70 %) 

A.3.1.3 Preparation of di (p-ethoxyphenyl )seleniumdichloride, 

Di(p-ethoxyphenyl)seleniumdichloride was prepared by 
the same procedure as used for di (p-nethoxyphenyl) seleniun- 

dichloride. Starting; materials were 6,24 g, (0,04 mol.) of 
Selenium oxychloride and 4.8% &. of phenetole, Di(p-ethoxy- 

128 Phenyl )seleniundichloride Produced had mp. 138°C Chace 139°)
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Found C, 49.47; H, 4.84; Se, 20.22; CigH 408eCl, requires 

C, 49.00; H, 4.60; Se, 20.16 % 

Ae5.2 PREPARATION OF ARYLSELENOCYANATE, 

A.3.2.1 Preparation of phenylsolenoc sanate, ‘scbauloalaliatitdleeaniot ach aenrehcheaipemps reais cman gece nea eee 

A mixture of 9.3 g. (0.1 mol.) of aniline in 60 g. ice 

and 20 en? of concentrated hydrochloric acid was diazotised 

at 0°¢ with 8 6. sodium nitrite (20% solution). ‘The acid was 

neutralised with sodium acetate using congo red paper and 

then a solution of 15 g. potassium selenocyanate in 70 en? 

of water was added dropwise, Witi continuous stirring and 

keeping the temperature below 5°o, nitrogen was evolved and 

a dark brown oil was formed which formed as a layer on the 

Surface of the reaction vessel, The brown oil was extracted 

from the diethylether, The diethylether was removed by 

distillation under vacuun +o Give a yellow oil which had a 

b.p. of 117-118°¢, (lit. 117-118°¢) 223.141. 

A.3.2,.2 Preparation of p-bromophenylselenoc yanate, 

The proccdure for the Preparation of p-bromophenyl- 

selenocyanate was similar to that used for tho preparation 

of phenylselenocyanate, p-Bromoaniline 15 g. in 20 en? of 

concentrated hydrochloric acid, 60 em? water, sodium nitrite 

T &@ in 20 en? of water, sodium acetate and potassium seleno- 

cyanate 21g. in 135 on? of water at o°c were used. After 

sixteen hours, the solid Product was formed and then separated 

by distillation with steam. The compound was crystallised
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from eight petroleum ether (30-400) ana gave white needles, 

114 
M.D. 70-71'C (lit. 70.5-7145 °C). 

(ound GC, 32.26; H, 1.52; N, 5.48; CH yNBrse requires 

C, 32.19; H, 1.55; N, 5.36 G1 

A.3.2.3 Preparation of p-chlorophenylselenocyanate. 

p-Chloroaniline 12,75 g. (0.1 mol.) in 20 en? of 

concentrated hydrochloric acid and 60 g, of ice was diazo- 

tised at 0°C with 8 g. of sodium nitrite in 20 cn? of water. 

A worueion|og sodium acetate was added to neutralise the acid 

(congo red paper was used). Potassium selenocyanate 15 g. in 

70 en? oi water was gradually added and with constant stirring, 

keeping the temperature below 5°. A pale yellow precipitate 

of p-chlorophenylselenocyanate formed immediately, along with 

@ vigorous evolution of nitrogen, After fifteen hours the 

precipitate was filtered off, washed with water several times, 

and dried in a vacuum desiccator, The precipitate was then 

recrystallised from light petroleum ether using charcoal, 

which gave colourless needles. meDe 53-54°C (lit. 53.5- 
545°C) 114 

[Found c, 38.96; H, 1.96; N, 6.56; CyH4NClSe requires 

C, 38.82; H, 1,86; u, 6.47 4] 

A.3.2.4 Preparation of p-tolylselenocyanate. 
  

A solution of 10.7 g. (0.1 mol.) of p-toluidine in 

60 en? of sulphuric acid (1:5) was diazotised at U°C with 

8 g. of sodium nitrite in 20 cm? of water. ‘The solution was 

neutralised with sodium acetate using congo red paper. A
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solution of 18 g. potassium selenocyanate in 110 en? of water 

was added slowly with stirring and ensuring that the tenperature 

did not rise above 5°C to this mixture, and was then left for 

sixteen hours, A dark solid with some selenium was obtained 

which was filtered off and washed with distilled water several 

times and dried under vacuum. ‘The precipitate was extractod 

by adding light petroleum ether in the presence of charcoal 

which gave white crystals. meD. 55-56'C (lit. 55-56 Cc) oe 

(round GO, 490253 Hy 3009) Neo teces Cal NSe requires C, 48.99; 

H, 3.60; , 7.14 #4 

Aw363 PREPARATION OF ARYLSELENIUMTRIBROMIDE AND 

DIAU YLDISELENIDE. 

A.3.3.1 Preparation of phenylseleniuntribromide. 
  

Phenylseleniumtribromide was prepared by two methods, - 

Method 1; 0.5 g. of lithium was cut into very small pieces 

and placed into a 250 en? three necked flask; 

25 on? of dry diethylether was added and the mixture was 

refluxed. fo this solution 5 g. bromobenzene in 50 om? of 

dry diethylether was added drop by drop and then the mixture 

refluxed for one hour. The mixture was cooled at roon 

temperature and 3 g. of selenium powder was added in small 

portions with stirring. The selenium was found to have 

dissolved and yellow precipitate was found, After refluxing 

for two hours, the mixture was hydrolysed carefully with 

cold water/hydrochloric acid mixture and extracted with 

ether, ‘The solvent was removed by distillation under vacuum
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leaving a red oil which was dissolved in carbon tetrachloride. 

Yhen an excess of bromine in carbon tetrachloride was added 

dropwise, A vigorous reaction resulted, ‘The solution becane 

avery deep red colour and a red orange precipitate was formed, 

The precipitate was filtered off and dried quickly under 

4 
vacuum to give 12 g. of phenylseleniumtribromide., meDe 103 °¢ 

123 e 
(GES 105 *c)ic 

Found C, 18,15; H, 1.620; Se, 20.09; C;H.SeBr. requires 6 3 5 
C, 18,20; H, 1,27; Se, 19.96 #1) 

Method 2; Phenylselenocyanate 1.82 ¢. (0.01 mol.) in 5 en? 

of dry chloroform was treated with an excess of 

bromine in dry chloroform and a red orange precipitate was 

formed, filtered off and dried quickly under vacuum. A red 

orange precipitate was phenylseleniumtribronide which had a 

eps 105 ‘o- (ust, 408"¢), °° 

(Found C, 18,10; H, 1.15; Se, 20.09; Cele SeBrs requires 

C, 18.20; H, 1.27; Se, 19.96 %) 

A.3.3.2 Preparation of bis(p-bromophenyl)diselenide,. 
  

p-Bromophenylselenocyanate 1.80 g. (0.01 mol.) was 

treated with alcoholic potassium hydroxide, bis(p-bromo- 

phenyl)diselenide was formed, mep, 106-107°C (lit. 107-108 °c) 142 

{Found C, 30.76; H, 1.703 HgBr,Se, requires 0, 30.64; 
Croke 

H, 1.72 #] 

Ae3e3e3 Preparation of p-bromophenylseleniuntribromide, 

p-Bronophenylseleniumtribromide was prepared by dissolving
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0.471 g. (0.01 mol.) bis(p-bromophenyl)diselenide in 5 en? 

of dry chloroform and then an excess of bromine in dry chloro- 

form was added. A reddish precipitate formed which had a 

mee 132°C (lit, 132°) 133 

(Found C, 15.30; iH, 0.70; Se, 16,84; Coll, SeBry requires 

C, 15.30; H, 0.90; Se, 16.67 J 

Aw3.3.4 p-Chlorophenylseleniumtribronide. 

p-Chlorophenylseleniumtribromide was prepared by dissolving 

2.16 g. (0,01 mol.) p-chlorophenylselenocyanate in 5 em? of ary 

chloroform and then treating this solution with an excess of 

bromine in dry chloroform, The red orange precipitate which 

formed was filtered off and dried in a vacuum desiccator. 

° o.. 126 
mop. 122 0 (14t. 123-124 ¢) 

[Found C, 17.00; H, 0.70; Se, 18.73; Ogi, ClBr,Se requires 

C, 16,89; H, 0.95; Se, 18.36 3] 

A.3e3-5 Preparation of p-tolyseleniumtribromide. 

p-Tolylseleniumtribromide was prepared by dissolving 

1.96 g. (0,01 nol.) of p-tolylselenocyanate in 5 om? of ary 

chloroform and then treating this solution with an excess 

of bromine in dry chloroform, A red orange precipitate was 

obtained immediately which was filtered off and dried under 

vacuum. meP. 115°C (lit. 115-116 °c) nae 

[Found C, 20.50; H, 1.60; Se, 18,91; CyH7BrzSe requires 

C, 20.71; H, 1.74; Se, 19.27 #]
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Summary 

A rapid micro-analytical procedure for the analysis of tellurium in organo- 
tellurium compounds is described. The compounds are decomposed using the 
conventional oxygen flask method followed by treatment with aqueous hydro- 
gen peroxide/hydrochloric acid solution. The tellurium content of the resulting 
solution is determined by atomic absorption spectrophotometry. If the analyses 
are carried out batch wise i.e. 6—8 samples with each standardisation of the in- 
strument, the total analysis time is about } hour per sample. 

Thavornyutikarn [1] has reviewed some of the methods which have been 
published for the determination of the tellurium content of organotellurium 
compounds. These gravimetric and titrimetric methods [2—4,] are time-consum- 
ing and invariably need large sample weights. Thavornyutikarn [1] also described 
a new procedure applicable to aryltellurium halides in which smaller sample 
weights (15—50 mg) were decomposed with a mixture of 3—4 ml of nitric acid 
and 3—4 ml of perchloric acid. The decomposition procedure takes about one 
and a half hours and an efficient fume cupboard is required. The white residue 
obtained is subsequently dissolved in hydrochloric acid, the solution made up to 
a convenient volume in a volumetric flask and the absorption of this solution 
measured by atomic absorption spectrophotometry. 

A large number of tellurium compounds are prepared in our laboratory and 
there is a need for a reliable, reproducible method which is not time consuming. 
The oxygen flask method [5—10] is a well known procedure for the fast decom- 
position of organic materials and so it was decided to investigate its applicability 
to a wide range of organotellurium compounds. The aqueous solutions so ob- 
tained would be free from high concentrations of mineral acid and would give 
an ideal matrix for subsequent examination by atomic absorption spectro- 
  

* On study leave from the National Iraqi Minerals Company, Baghdad (Iraq):
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photometry. The decomposition of organoselenium compounds by oxygen flask 
followed by analysis by the molecular emission cavity technique (MECA) has 

been recommended by Belcher et al. and the results compared with those ob- 
tained by atomic absorption [11]. Gubser [12] however states that selenium at- 
tacks the platinum gauze and this leads to inaccurate results. 

For our study on application of the oxygen flask technique to tellurium con- 
taining compounds a wide range of organotellurium compounds were prepared. 
The list of selected compounds consisted of diary] tellurides, diaryltellurium 

dihalides, aryltellurium trihalides, aryltellurium trihalide complexes with sulphur 
donor ligands and tellurium tetrahalide complexes. The analytical results ob- 
tained are given in the experimental section. 

Experimental 

Reagents. “‘Analar” telluric acid (purity 99.5%) used as a standard was ob- 
tained from Hopkins and Williams Ltd, and hydrogen peroxide (50%) was ob- 
tained from Fisons Ltd. 

All tellurium compounds were also analysed for carbon and hydrogen and 
gave satisfactory analyses. 

Standard Te solution. The stock solution of 1000 ug Te ml"! was prepared 

by dissolving telluric acid 1.7951 g in distilled water containing conc.hydrochloric 
acid (10.0 ml). The calibration curve was obtained by dilution of this solution 
to give standards within the range 5—50 ug Te mI'. 

Procedure. The accurately weighed sample (5—10 mg) contained in a wrapped 
filter paper is fixed into a hinge of a platinum gauze and then ignited in a 500 
ml flask which has previously been flushed with oxygen, and which contains 
15.0 ml of water, and 1.0 ml of hydrogen peroxide and 1.0 ml of hydrochloric 
acid. After ignition, the flask is shaken until the decomposition products are 
absorbed in the aqueous peroxide/hydrochloric acid solution which is trans- 
ferred to a volumetric flask and the volume made up to 50.0 ml with distilled 
water. The percentage absorption of this solution or a suitable further dilution 
is determined by atomic absorption. We used a Perkin—Elmer 303 instrument 

equipped with a Perkin—Elmer recorder (Model No. 56), and a Fischer—Porter 
Burner regulator (air flow rate 9, acetylene 7—8). The absorptions were measured 
at 214.2 nm using an Activion tellurium hollow cathode lamp operated at 10 
mA. 

The platinum gauze may be used for about 10 combustions but then becomes 
brittle. 

Results 

Required values are in parentheses: C,H;TeCl; 41.15 (41.04); C,H;TeBr3 

28.72 (28.72); p-CH,C,H,TeCl, 39.02 (39.27); p-CH;C,-H,TeBr, 29.97 (27.84); 
p-C,H;OC,H,TeBr; 26.10 (26.13); p-CsH;0C,H,TeCl; 31.46 (31.65); p-C.H;- 
OC,H,TeBr; 23.72 (23.78); (CH;OC.Hs)2TeCl, 30.91 (30.93); (C,H;0CsH,)2- 
TeCl, 28.89 (28.96); (CH;O0C,H,)2Te 37.14 (37.35); (C,H;0C.H,4)2Te 34.46
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(34.52); TeClytmdto * 28.95 (28.65); TeBratmdto 20.39 (20.47); CsH;TeCl,- 
tmdto 26.15 (26.20); C;H;TeBr3tmdto 20.01 (20.57); p-CH3C,H,TeCl;tmdto 
25.16 (25.47); p-CH3;C,H,TeBr3tmdto 20.03 (20.12); p-CH;0C,H,TeCl,tmdto 
24.85 (24.68); p-CH,;0C,H,TeBr3tmdto 19.69 (19.62); p-C,H;OC,H,TeCl;3- 
tmdto 24.20 (24.03); p-C,H;OC,H,TeBr3;tmdto 19.02 (19.21); p-C,H;0C,H,- 
TeCl,tmdto 22.16 (22.04); p-C,H;O0C,H,TeBr3tmdto 17.45 (17.91); p-C.Hs- 

SC,.H,TeCljtmdto 21.10 (21.45); C,H; TeCl;tedto ** 23.32 (23.50); CsHsTeBr3- 
tedto 19.08 (18.87); p-CH;C,H,TeCl,tedto 22.84 (22.91); p-CH,C,H,TeBr;- 
tedto 18.35 (18.48); p-C,H;OC,H,TeCl,tedto 20.09 (20.03); p-CsH;OC.H,- 
TeBrgtedto 16.34 (16.61); p-C,H,SC,H,TeCl,tedto 19.91 (19.54); p-C.H;SC.- 
H,TeBr,tedto 16.72 (16.27); p-BrC,H,TeBr,tedto 16.95 (16.89); Te(ttz) Cl, *** 
25.29 (25.16); Te(ttz),Br, 18.48 (18.62); Te(ttz).1, 14.76 (14.61); Te(ttz),Cl, 
H,0 18.22 (18.43); Te(ttz),Br, 16.20 (15.87); p-CH,0C,H,Te(ttz),Br; 13.38 
(13.42); p-C,H;OC,H,Te(ttz)Cl; 26.54 (26.92); p-CsH;OC,H,Te(ttz),Cl; 19.50 
(19.91). 

Standard deviation was calculated from results for p-CsH;OC,H,TeCl,tedto: 

C, 41.86; H, 5.02; N, 4.46%. Analysis found: Te, 20.10, 19.88, 19.88, 19.98, 
19.89, 19.83, 19.70, 19.87, 19.96%. C2sH29Cl,;N2S,Te caled.: C, 42.17; H, 4.67; 
N, 4.47; Te, 20.03%. 

Discussion and conclusions 

The analysis of the tellurium content of organotellurium compounds by 
their decomposition using the oxygen flask technique followed by atomic ab- 
sorption spectrophotometry has been found to be successful for a wide variety 
of tellurium compounds containing from between 13—40% Te. The only class 
of compound not completely oxidised by the method was diary] ditelluride. 

A standard deviation of 0.11, coefficient of variation of 0.0055 and confi- 

dence limit for 95% of 19.90 + 0.07 was obtained for C,H;OGH,TeCljtedto 
analysed nine times. For the 41 other samples a standard deviation of 0.23 was 
obtained. 
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. 
Summary 

Two new synthetic routes for the preparation of diarylselenium dichlo- 

rides are reported both of which use selenium(IV) chloride as a starting meterial. 

In the first method, bis(p-methoxypheny]l) and bis(p-ethoxypheny])-selenium 

dichlorides are prepared by the reaction of SeCl, with anisole and phenetole 

respectively. In the second, diphenylselenium dichloride is prepared by the 

reaction of SeCl, with tetraphenyllead, a reaction in which the lead—carbon 

bond is cleaved. 

The far infrared and Raman spectra of the diarylselenium dichlorides are 

reported. 
  

The synthetic routes to diarylselenium dihalides [1-3] and diaryltellurium 

dihalides [1,4,5] have been reviewed. There are certain similarities in the avail- 

able routes for the selenium and tellurium compounds. Whilst benzene reacts 

with SeCl; in the presence of anhydrous aluminium(III) chloride to give a 

moderate yield of diphenyl selenide [6], a higher molecular ratio of benzene 

again using the Lewis acid AICI,, results in triphenylselenonium chloride 

(C.Hs)3SeCl- [7,8]: 

SeCl, + 3C.H, a (C.Hs);Se"Cl- + 3HC1 

An analogous method [9] using a molecular ratio of AICI,/TeCl, of 3/1 gave a 

60% yield of (C,Hs);TeCl. Products isolated at lower AICI;/TeCl, ratios, by 

quenching the reaction products when lower equivalents of hydrochloric acid 

were evolved, were diphenyltellurium dichloride and phenyltellurium trichlo- 

ride. 
Whilst the presence of AICI; is essential for the reaction of C,H, and 

TeCl,, no Lewis acid need be used when certain activating sustituents X (where 

X = RO, HO, R.N, RS) are present [9-12]. Thus TeCl, with C,HsX gives a 

mixture of products:
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xt \-reci, 

cl 

Oe-On 
cl 

These activating substituents also have to be present for the reaction between 
selenium oxychloride and an aromatic compound to take place [13,14]: 

cl 
Anhydrous I ro-<_\ + SeOCl, —_o ro{\-se-(V-or 

cl 

Under certain conditions this reaction can be modified to give triarylselenonium 
chloride as the main product [15]. 

Ether 3 Ho-<_Y + Se0G, ——— Ho-{_Y se* ci- 
or chloroform A 

Selenium(IV) chloride has been found to react with esters of salicylic acid, 
in the absence of any solvent, to form the arylselenium trichloride, a reaction 
in which the hydrogen para to the hydroxyl group is involved [16]: 

x + TeCly 

OH OH 

cor + SeCl, COOR * Hel 

SeCls 

The reaction of SeCl, with aromatic ethers does not appear to have been report- 
ed however. We find that anisole and phenetole will also react with SeCl, in the 
absence of any solvent and under controlled conditions to give good yields of 
bis(p-methoxypheny])selenium dichloride and bis(p-ethoxypheny])selenium 
dichloride respectively. 

2ro{) + sec —= (ro-(Y) sect + 2nci 
2 

The synthesis of aryltellurium chlorides by treatment of various aryllead 
compounds with tellurium(IV) chloride or aryltellurium trichlorides has been, 
described [17]. 

(CcHs),Pb + TeCl, "5 (C,H,);TeCls + (CoH:),PbCl: 
The analogous reaction with SeCl, has been investigated: 

(CcHs)4Pb + SeCl, *°"*5 (C,H,),SeCl, + (C,H;),PbCl,
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The reaction of triphenyllead chloride with tellurium(IV) chloride in dioxane 
gives a 90% yield of phenyltellurium trichloride but the analogous reaction with 
selenium(IV) chloride gives a low yield of diphenylselenium dichloride: 

2(C,Hs)3PbCl + SeCl, > (C,H;),SeCl, + 2(C,H;).PbCl, 

The products from the reactions of SeCl, with anisole, phenetole, (C;H;)4Pb, 
and (C,H;);PbCl were characterised by their melting points, chemical 

analyses, infrared and Raman spectra. 
The crystal structure of diphenylselenium dichloride has been investigated 

[18], and has been shown to be orthorhombic D}¥,-Pbea space group with 8 
molecules per unit cell. The crystal structures of the di(p-tolyl)selenium dichlo- 
ride and di(p-tolyl)selenium dibromide belong to space group P2,2,2-D} with 
two molecules per unit cell [19], but the molecular structure of all these 
diarylselenium dihalides is basically that of a slightly distorted trigonal bipyr- 
amid with the selenium atom at the centre, halogens at the apices and two 
phenyl or p-tolyl groups plus the unshared pair of electrons in the equatorial 
positions. The bond distances Se—Br and Se—C] in all these diarylselenium 
dihalides are larger than the sum of the covalent radii and the molecular sym- 
metry is C),. 

The infrared spectra of selenium compounds of the type (C,H;),SeX, 
where X = NO;, CH,;CO,, CH;SO; and NCO have been discussed [20]. These 

compounds also possess a distorted trigonal bipyramid structure (molecular 
symmetry C;,,), and some of the bands associated with the vibrations of the 

phenyl groups have been assigned [20]. The far infrared and Raman spectra 
of diarylselenium dichlorides have not previously been reported in detail and 
are given in Table 1. The assignments given here are based on the published 
data for the analogous tin and tellurium compounds (C,H;),SnCl, [21] and 

(C,H;),TeCl, [22] which have similar structures. 

The infrared and Raman spectra of dimethylselenium dihalides and 
dimethyltellurium have been reported [23,24] and bands at 293 and 270 cm"! 
assigned to p(Se—Cl). For the diarylselenium dichlorides the values are 
v,(Se—Cl) 250-275 cm"! and v,,(Se—Cl) 245-255 cm™'. This is consistent with 

TABLE 1 

THE IR AND RAMAN OF SOME DIARYLSELENIUM DICHLORIDE 360-100 cm~! 
  

  

  

(CoHs)28eC, Bis(p-methoxyphenyl)- _Bis(p-ethoxyphenyl)-_ Assignment 
selenium dichloride selenium dichloride 

IR Raman IR Raman IR Raman 

329s 335vw 344s 345vw 356m 355vw t 
307s 310vw 310w 310vw 336vs 338vw eye) 
275vs 267s 255s 250vs 2728 263vs vg(Se—Cl) 

248s 245s 253m Vqs(Se—Cl) 
225s 225w 245s 253m Phenyl u 
203vs 235s 235m(sh) 225s. 225w Phenyl u’ 
173w 190m 186w 180vw Phenyl x 
151m Phenyl x’ 
140m 132m 135s 134s 135m 8(SeCl2) 

120w 127mw 
105vw 107ms 112ms 110w 110m Unassigned 
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the long bond length Se—Cl reported for diphenylselenium dichloride [18]. 
The weak Raman bands at Av 120-135 cm~! may be assigned to the CI—-Se—Cl 
deformation mode [25]. The assignments of bands associated with vibrations 
of the phenyl groups were made in comparison with the published data for 
diphenyltin dichloride [21], diphenyltellurium dichloride [22], dipheny] sele- 
nide, bromobenzene, and p-bromoanisole. As expected the phenyl t, and u 
modes all occur at slightly higher wave numbers than those for the corresponding 
diaryltellurium dichlorides [22]. The phenyl u modes appear as shoulders or 
are hidden under the main Raman bands but for (C,H;),SeBr, the main Raman 

bands but for (C,H;),SeBr, the main Raman band at Av 157 cm“', p(Se—Br) 
is well clear of the phenyl u band at Av 249 cm™' [26]. 

Experimental 

Tetraphenyllead and triphenyllead chloride were prepared by conventional 
methods [27-29]. Selenium(IV) chloride was obtained from B.D.H. Limited. 
Toluene, benzene, diethyl ether and chloroform were dried as recommended 
by Vogel [30]. 

Reaction between selenium(IV) chloride and tetraphenyllead 
SeCl, (4.4 g; 0.02 mol) and 10.3 g (0.02 mol) of tetraphenyllead in a total 

volume of 80 ml toluene or benzene were heated under reflux for 6 h. The 
precipitated diphenyllead dichloride was filtered off from the hot reaction 
mixture and the filtrate evaporated under vacuum to about 15 ml. This red 
coloured solution was allowed to cool in a refrigerator for two days when yellow 
crystals were obtained which were recrystallised twice from benzene. Yield 35%. 
Improved yields (50%) were obtained by reaction in the cold over 14 h, followed 
by evaporation after removal of the diphenyllead dichloride. M.p. 177°C (lit. 
[31] m.p. 178°). (Found: C, 47.95; H, 3.42; Se, 26.06. C,H, SeCl, calcd.: 
C, 47.72; H, 3.28; Se, 25.98%.) 

Reaction between selenium(IV) chloride and triphenyllead chloride 

SeCl, (4.4 g; 0.02 mol) and 9.4 g (0.02 mol) of triphenyllead chloride in 
a total volume of 100 ml toluene were heated under reflux for 6 h. The preci- 
pitated diphenyllead dichloride was filtered off from the hot reaction mixture 
and the filtrate evaporated under vacuum to about 15 ml. After two days in a 
refrigerator yellow crystals formed which were recrystallised from benzene. 
Yield 20%; m.p. 178°C (lit. [31] m.p. 178°). (Found: C, 48.33; H, 3.50; Se, 
26.17. C,2HioSeCl, caled.: C, 47.72; H, 3.28; Se, 25.98%.) 

Reaction of selenium(IV) chloride with anisole and phenetole 
Selenium(IV) chloride (11.25 g; 0.1 mol) was added to 0.2 mol of anisole 

or phenetole contained in a 100 ml flask fitted with a drying tube. Owing to 
the exothermic nature of the reaction and strong evolution of hydrochloric 

acid gas the contents of the flask were cooled in an ice bath for 45 min and 
finally left at room temperature overnight for 26 h. The yellow-orange 
crystals which formed in the dark-red coloured liquid were filtered off and 
washed with a little dry diethyl ether. The dried crystals were dissolved in the
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smallest possible volume of dry chloroform; reprecipitated by addition of dry 
diethyl ether, filtered off and dried in a vacuum dessicator. Bis(p-methoxy- 
phenyl)selenium dichloride, yield 45% m.p. 163°C (lit. [14] m.p. 163°). 
(Found: C, 46.19; H, 4.03; Se, 21.86. C,4H;4O,SeCl, caled.: C, 46.30; H, 3.87; 
Se, 21.70%.) Bis(p-ethoxyphenyl)selenium dichloride, yield 67%, m.p. 139°C 
(lit. [14] m.p. 139°). (Found: C, 48.84; H, 4.64; Se, 20.18. C\<H,s0.SeCl, 
caled.: C, 49.00; H, 4.60; Se, 20.16%.) 

Diphenylselenium dichloride, bis(p-methoxypheny]l)- and bis(p-ethoxy- 
phenyl)-selenium dichlorides were prepared by conventional methods [14,32] 
and gave satisfactory elemental analyses. The IR and Raman spectra and 
meltings points of these compounds were identical with those prepared by the 
new methods described above. 

Raman spectra 
These were recorded on a Cary 81 Laser Raman spectrometer (exciting 

line 6328 A) and a Coderg Raman spectrometer (exciting line 4880 A). 

IR spectra 
All compounds were examined as KBr disc on a) a Perkin—Elmer 457 

infrared spectrophotometer (4000-250 cm~'), b) a Perkin—Elmer 225 grating 
infrared spectrophotometer or c) on a Fourier spectrophotometer FS, 620 
(Research and Industrial Instruments Co) over the range 250-20 cm~' 

Chemical analyses 
Carbon and hydrogen were determined by the usual combustion method. 

The selenium content was determined by addition of KI and titration with 
standard thiosulphate solution [33]. 
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Abstract—Tellurium(IV) complexes of thiazolidine-2-thione(ttz) of formula Te(ttz);X, where X= Cl, Br or I and 
‘ others of fdrmula RTe(ttz), X, where X = Cl or Br and R = CH,OC.H.-, C;H;0C.H«- and PhOC,H,-, x is an integer   

have been prepared and characterised. Using acid aqueous reaction media and varying the ratio of Te: ligand it is 
possible to effect oxidation to the ligand and to form tellurium(II) complexes such as Te(ttz),Cl"H.0. The IR and 
‘Raman spectra of the complexes are reported and assignments made. Conductivity measurements in NN'dimethyl- 
formamide are also reported. 

INTRODUCTION 

TELLURIUM(I]) and tellurium(IV) form a large num- 
ber of well defined complexes with thiourea, substituted 
thioureas and substituted dithiooxamides. All these com- 

| 
plexes contain the -NR—C=S group where R = alkyl, 
aryl or hydrogen. For example, fully substituted dithio- 
oxamides containing two such groups form 1:1 com- 
plexes, Te(L)X, and RTe(L)X;, where R is an aryl group; 
X a halogen and L is NNN/N'tetraethyldithio-oxamide 
or NNN‘N'tetramethyldithio-oximide[1,2,3]. Cyclic 
thioureas such as ethylene and propylene thiourea react 
with TeO, dissolved in acids to give a variety of crystal- 
line compounds [4]. 

Replacement of a -NH~ group in ethylenethiourea(A) 
by CH; or S gives a series of heterocyclic compounds 
which should be potential ligands for co-ordination to 
tellurium({1) or (IV). Thus, replacement of one -NH- 
group of ethylenethiourea by S$ gives thiazolidine-2- 
thione(B) and by CH; gives pyrrolidine-2-thione(C). 

HN——CHs is 

4 Argo e Ang CH 

(A) (B) 

ql 
HN—CH: HN ve 

L~ CH, C 
so eh eg ce 

© (D) 

The ligand properties of thiazolidine-2-thione have been 

investigated and complexes are known to be formed with 

many elements such as zinc, cadmium and mercury [5,6]; 
nickel[7,8]; cobalt(7-9]; chromium, molybdenum, 
tungsten[10]; iron[11] and silver[12]. Thus the reactions 

of the ligand with transition elements only has been 
reported so far. 

This paper deals with the investigation of reaction of 
tellurium(IV) compounds with thiazolidine-2-thione and 
the characterisation of the compounds formed. The ligand 

properties of pyrrolidine-2-thione(C) and thiomorpholine- 

  

+0n study leave from the National Iragi Minerals Company, 
Baghdad, Iraq. 

3-thione(D), a six membered heterocyclic compound con- 
taining the same groups are discussed in subsequent 
papers. 

EXPERIMENTAL 
Tellurium(V) oxide, tellurium(IV)chloride, _tellurium(IV) 

bromide were obtained from B.D.H. Ltd or K and K 
Laboratories. Tellurium(IV)iodide was prepared by the reaction 
of telluric acid with hydriodic acid{13]. Methanol and carbon 
tetrachloride were dried as recommended by Vogel{14]. 

Thiazolidine-2-thione obtained from Fluka Laboratories was 
purified by double recrystallisation from hot water m.p. 106-7°C 
lit, 106-7°[15). 

Preparation of aryltelluriumtrihalides. p - methoxyphenyl- 
telluriumtrichloride, p - ethoxyphenyltelluriumtrichloride and p - 
phenoxyphenyltelluriumtrichloride were prepared by direct addi- 
tion of tellurium({V)chloride to anisole, phenetole and 
diphenylether respectively in carbon tetrachloride or 
chloroform[16-20]. The trichlorides were reduced with sodium 
sulphide or potassium metabisulphite to give the corresponding 
diarylditellurides(21] which were then treated with bromine in 
carbon tetrachloride to give the tribromides. 

Thiazolidine-2-thione complexes. These were prepared by 4 
different method 

Method(A). Thiazolidine-2-thione (2mmol) in dry methanol 
was added to the tellurium compound (1 mmol) also dissolved in 
dry methanol. The precipitates which formed on stirring at room 
temperature were filtered off and dried in a vacuum desiccator. 

Method (B). The tellurium(IV) compound (1 mmol) was dissol- 
ved in fused thiazolidine-2-thione (10 mmol) at about 110°C. The 
crude product which formed on cooling was recrystallised from 
dry methanol, filtered off and washed with hot toluene in order to 
remove the excess of ligand. 

Method(C). Tellurium(V)oxide 0.8 g (5 mmol) was dissolved 
in a mixture of either 10ml concentrated hydrochloric acid or 
hydrobromic acid and 10 ml of distilled water. After heating to 
60°C, 3.6 g (30 mmol) of thiazolidine-2-thione in 150 ml of distilled 
water was added with rapid stirring. The liberated tellurium was 
filtered off and on standing at room temperature the complex 
formed slowly as an orange yellow precipitate. 

Method (D), Tellurium(IV)oxide, 1.6 (10 mmol) dissolved in 
4 mi of concentrated hydrochloric acid was added at room temper- 
ature to 3.0 of thiazolidine-2-thione in 10 ml concentrated hyd- 
rochloric acid. The precipitate which formed immediately was 
filtered off washed with dry diethylether, and finally dried in a 
vacuum desiccator. 

IR and Raman spectra. The spectra of the compounds were 
recorded as Nujol mulls or KBr discs on a Perkin-Elmer 4571R 
spectrophotometer over the range 4000-250 cm”'; as Nujol mulls 
on a Perkin-Elmer 225 grating IR spectrophotometer; as Nujol 
mulls between polythene sheets using a Fourier spectrophoto- 
meter F.S. 720 (R.LLC.) over the range 400-40 em". 
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Raman spectra. These were recorded on a Cary 81 spectrometer 
with an exciting laser line at 6328 A. 

Conductivity measurements, Were made on 10° M solutions of 
the complexes in dry NN'dimethylformamide at 20°C using a 
Mullard conductivity bridge Type E 7566/3. 
UY and visible spectra. Were carried out on a Perkin-Elmer 

137 spectrophotometer. Dilute solutions of the complexes in 
NN’dimethylformamide solution all show strong absorptions at 

35.7kK. 
Tellurium analysis. Samples were analysed for tellurium con- 

tent by decomposition of the samples using the oxygen flask 
technique followed by atomic absorption of the solutions pro- 
duced using a Perkin-Elmer 303 instrument. 

DISCUSSION 
The compounds prepared and preparative methods 

used are summarised in Table 1 together with decomposi- 
tion temperatures and colours, The use of preparative 

AMMED A. AL-TURATHI 

method(A) results in compounds of the formula 

Te(ttz).X, but in aqueous hydrochloric acid conditions 
(Method C), oxidation of the ligand occurs with reduction 
of Te(IV) to Te(Il); 

H 
N—CH: Sam Hz 

[Tech Tse, ~—=+ Ta Sa ch 

'S—CH; 'S—CH: 

is a ae 
CH.—N, N—CH:; 

= Ness | + 4cr 

HS ‘s— 

  

Table 1. Analytical data and some physical properties 

  

  

   
    

    

anal yoes 
Preparative % 

Compounds Rethod colour m-p.tc? 8 »  % 

‘Thiexelidine-2-thions white 106~ 30.01 4645 22.39 
(stz) 107 (30,25) (4-24) (22.78) 

‘Pe(tts) cl, AyD yellow = 152~ 14.86 2.26 5-40 25.29 
155 (2419) (1497) (5451) (25-16) 

Pe(ttn) Br, A orange =1}4~ 21.47 1.70 3.97 16, 

238 (22.47) (1.47) (4.08) (1 ) 

e(tte),1, a from 162-2151 2664.01 24.76. 
166 (22,26) (1.55) (4.32) (24.61) 

‘Te(tta) 01,40 c green~ 82- 20.96 3432 8.16 16.22 
yellow 64 (20.80) (3.20) (8.08) (18.43) 

to(tts),3r, ‘ yellow 172- 13,26 1.84 5.09 26.20 
orange = 174 (23.30) (1-88) (5.22) (15.87) 

CH ,0C,H To(ttz), Br. 3 yellow= 128- 5-95 13.38. 06H! 3 Swaies 156 (5.90) (13.42) 

jH.00 8 Pe(ttz), Cl B yellow 114~ 26.92 3242 3 26.54 cae 173, 326 (28.00) (3-00) (3.00) (26.92) 
Of, 00gHto(+t2) 02, B yellow 196- 33.14. 3.00, 414 29.50 

201 (33-69) (2499) (4453) (19-91) 

  

& Required values in parenthenes. b, With decomposition. 

Table 2, Assignment of IR bands 
  

  

  

      

cy ‘ i Veweu) mionsste 1 Y(ces)esines) amt ye, Ane 
aes te, 34008 * 1510ve 12908 6906 6500 

‘fe (tte) 01, (3200a 15l5va 13053. 6900 (6600 52 

to(tts),5, 322001520} 1205 8 630" 60a ay 
Te(tt=)Qr, 32300 i5livs 1330) 8 6908 662m 128 

24 2304) 
Te(tts),015.8,0 3308 15love 1235 » 6852 6400 2 
Te(tts) Br, 3220) 15love 1320) 6300 

Pr jieo* 1300) ® . © 
CH,0C,#, Te(tt2), Br, 32300 1518vs 1322; TOO" 64 
3754 3 ‘20ash 1297) * a 18 

028,008, Te (ti 32008 1520v8, 1305) 695" 6600 pa) soa) * mn 23 

Cgesoogeyte(tts),cl, 3220 1515 1307 « Sin 635m 9 

+ Yatue 40 omc 
Usa4oe ex" a 31460 oa"? as fay 

a. on ste 3 ‘WM aolutions at 20%.    
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Method (B) results in the production of compounds of a 
more unexpected stoichiometry. The latter phenomenon 
has however been noted previously for iron(II) and (III) 
thiazolidine-2-thione complexes[11]. 

The large negative shifts of v(NH) and the positive 
shift of the thioamide band (1) in these iron thiazolidine-2- 
thione complexes is indicative of co-ordination through 
nitrogen. The presence of iron-nitrogen bonds is sup- 
ported by examination of the far IR spectra where bands 
due to v(Fe-N) may be found (240-220 cm") and the 
absence of bands which would be expected for v(Fe-S). 

Sulphur bonded thiazolidine-2-thione is proposed for 
silver()[12] and chromium, molybdenum and 
tungsten[10] but zinc(II), cadmium (II) and mercury(I) 
are all nitrogen bonded (5, 6]. 

The position with cobalt(II) is confusing. De Filippo and 
Preti[7] believe this metal ion is S-bonded but Singh and 
Rivest[(9] favour nitrogen. Examination of the far IR 
spectra does not always help. »(M-N) and »(M-S) may 
well lie in the same region for some metals. 

Ligands containing a thiocarbonyl group adjacent to an 

imino group offer interesting alternative modes of co- 
ordination, i.e. through nitrogen only, through sulphur 
only or through both nitrogen and sulphur. These 3 
possibilities may be distinguished, it is claimed, by an 
analysis of the positions and intensities of the thioamide 
bands[8]. The situation is clear in some cases. For in- 

stance, spectroscopic studies on the thiazolidine-2-thione 

complexes of groups VI B carbonyls[10] show that there 
is no co-ordination through the nitrogen atom, only the 
less sterically hindered sulphur atom of the thioketonic 
group is involved in bonding to the metal. 

For the tellurium complexes of the types Te(ttz),X, and 
RTe(ttz),X; the far IR and Raman spectra [Table 3] 

clearly show the presence of bands in the range expected 
for »(Te-S)[1,2,3] 254-201 cm”; the tellurium-halogen 

stretching frequencies are also retained, i.e. v(Te-Cl) 
286-253 cm™', v(Te-Br) 183-16lcm™, »(Te-I) 154- 

135 cm”. Most of the compounds show absorptions in the 
region 340-290 cm’. The Te-C bending mode gives rise 
to an absorption in this region but since tellurium-aryl 
linkages are absent in many of the complexes the bands 
observed could be attributed to v(Te-N) vibrations. 

The negative shift of »(NH) and the slight positive shift 
of the thiomide I band in the spectra of the thiazolidine-2- 
thione complexes [Table 2] suggests that nitrogen in the 
donor atom. Evidence from the shifts in »(C=S) is less 
convincing. Slight positive shifts of the band due to 
v(C=S)+8(NCS) are said to be indicative of co- 
ordination through nitrogen[5,9,11] but de Filippo et 
al.[10] suggest that the positive shifts in M(CO).ttz com- 

plexes are due to co-ordination through the sulphur atom 
of the thioketonic group. 

The appearance of new bands in the far IR spectra of 
the tellurium complexes seems to indicate that nitrogen 
and sulphur are involved in co-ordination in all cases. A 

possible exception is p-C,H,OC,H,Te(ttz)Cl,. It is diffi- 
cult to see how 2 donor atoms are involved from | ligand. 

Assuming that thiazolidine-2-thione is behaving as a 
monodentate ligand in the tellurium complexes, the tel- 
lurium atom in Te(ttz):X, type complexes could be 6 

co-ordinate with 1 nitrogen donor 1 sulphur donor oc- 

cupying cis or trans positions, the 4 halogen atoms using 
the remaining 4 sites. Six co-ordinate tellurium is also 
possibly involved in Te(ttz),Cl,H,O. The structures of the 
other complexes are more difficult to envisage. Five 
co-ordinate tellurium _is__— possible for —_—p- 
C,H;OC,H,Te(ttz)Ch, and 6 for p-PhOC,H,Te(ttz).Cl, but 
if all the thiazolidine-2-thione ligands are involved in 
co-ordination in p-CH,OC,H,Te(ttz),Br; and Te(ttz);Br, a 
co-ordination number of 7 or 8 would have to be post- 
ulated. The high A values for the bromo complexes 
indicate that 1 bromine atom could be present as Br thus 
giving a co-ordination number of 6 or 7 in the cation. 

Conductivity measurements [Table 2] show that there is 

considerable variation in the magnitude of A. Most of the 
complexes have values expected for 1:1 electrolytes but 
in some cases there is interaction between cationic and 
anionic species leading to low values of A. Thus, 
Te(ttz).X, complexes may be written as [Te ttz:X,]*X~ 
and those of the type RTe(ttz), X; as [RTe ttz, X:]"X". 

The UV and visible spectra in NN’dimethylformamide 

consist of 1 single absorption band for all complexes at 
35.7kK in agreement with the data found for other 
tellurium-sulphur bonded complexes [22]. 
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