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8 UMM ARY

The chemlstry of some tellurium and selenium compounds
have been studied with emphasis on their reaction with sulphuxr

donor ligands,

The preparation of some tellurium conpounds containing
potentially bidentate ligands is described, These have
formulae ArTe (tedto)xs, Tel (tndto)x,, Arre” (tndto)X; and
Tel (Me Dl )Xy, (where X = C1 or Br, Ar = Cgllgs P=Cil5Clly,
p-CH3006H4,,p:02H5006H4, p—06H5OGGH4, =0 H UCGN4 oy p—3r06H4.

65"
tedto = NNN N +tetraethyldithio-oxanmide, tndtbo =:K8{If tetra-
nethyldithlo-oxamide and MezDH2 = HK’ dinethyldithio=-oxamide),
Examination of vibrational spectra (infrared and Ranan 400-
40 cm-l) indicates bands duc to telluriun-sulphur and telluriun-
halogen vibrational modes. Detalled or tentative assigunents

of the spoctra for these complexes are su:ssested and in certain

cases structures proposed,

Heterocyclic ligands containing both nitrogen and sulphur
donors have been reacted with certain telluriun() and
tellurium (IV) conpounds, Conplexes of type Tcnr(ttz)2K4.
eV (ttz)33r4, Te (t+2),401,.11,0, ArTo™ (-i;tr:)y_}{y eV (TBun) X4,
and Tenr(NMTDuL)2X4 (where X = €1, Br or I, x is integex,
Ar = p-CH3OC6H4, p-02H5006H4 or P-CGHSOCGH4' ttz = thiazolldine-
2=-thlione, TBul = pyrrolidine-2-thione, ond HNHTBuL = N-nethyl-
Pyrzolidine-2-thione) have been prepared. The infrared and
Ranan spectra of these complexes have also been exanined and

are reported hore,
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Spectroscople evidence indicates that tellurium could be
niltrogen and sulphur co=ordinated in the tellurium(Ir) and
telluriun(lV) conplexes with thiazolidine=2-thione, but only
sulphur co-ordinated in the tellurium(IV) complexes of

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

Some tellurium(IV) compounds appear to be strong oxidising
agents and react with some sulphur ligands to form dliaryl-
ditellurides or diaryltellurides, the telluriun(IV) being

reduced to tellurium(Il) or free telluxium,

The preparation of dlarylseleniumdichlorldes have been
Investligated and two new synthétic routes are reported, both
of which use selenium(IV) ehloride as a starting material,

The far infrared and Raman spectra of dlarylseleniumdichloride

are reported and certain assignments nade.

The wvibrational spectra and the structure of sone
arylseleniumtribromides have been investigzated, and sone

proposals regarding their structure have been nade,.

The preparation, characterisation, infrared and Ranan
spectra of some new complexes of general fornula RSeLBr3
o = C,1] -ClLC -1 H, or p=-CH_C_ I, and
L = NNN NI tetramethyldithio-oxamide ox NIl I tetraetuyldithio-
oxanide) have been investigated., The far infrared and Ranan

spectra of these complexes indlcates that co-ordination

is through the sulphur atonms of thilocarbonyl group,
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The reaction of o=nitrophenylselenocyanate and p=nitro-
phenylselenocyanate with some aromatic thiols in a non-agqueous
media has been investigated, The nain reaction products have
been identified as the selenenyl sulphide or the dlselenide
(depending upon the reactants) and some infrared and Ranan

spectra of the products are reported,

In the course of all the investigations there was a nneed
for a rapld micro-analytical method for the determination of
tellurium in organotellurium compounds, An atomic absorption
epectroscopic 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 flame of an atonmlec absorptlon

spectrometer.
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1.1 Chemnistry of Tellurium,

Tellurium belongs to group VIB, the oxygen group of
the periodic table, This element has the eloctronic
configuration ns2- np4 in the outermeost orbitals.

(182, 252, 2p6, 352, 3p6, 3410 442 4p6, 4a*Y, 582, s5p )
There are two electrons short of the noble gas enon
configuration, The element shows more non-metallic
chemistry than metallic chemistry. The elenent 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 4 orbitals, sulphur and
selenium have the abllity 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,(.
tellurium and polonium are less clectronegative and have

an increasing tendency to form compounds showing cationic
Properties. The increase in metallic charactor of the two
higher members i1s shown by the increase in ionic and the
basic character of the oxides tellurium dioxide and polonlun
dioxide., Tellurium has only weak cationic propertiecs and

the oxide tellurium dioxide is amphoteric.

The oxidation states of téllurium in compounds may be
-2, 0, 42,44 and 46 but 41 is possible in ’I‘e’.-_-lb?é
and a formal oxidation state of +4 has been noted in Te-Te0l,
nelts by Bjerrum and Smith,l Tellurium exhibits
valencies of =2, 4+ 2, + 4 and 46, Of theée, four is the
most stables A coordination number of six is comumon in

tellurium compounds,



Tellurium has a formal oxidation state of =2 in the
tellurides Te2" ion, which shows its tendency to conplete

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 (RTen:H), tellurides

(RzTe’I ¥

ditelluride (R2TeI[2). organotelluriummonohalides
RTeHI.' (RBTelvx) organotelluriumdihalides (R2Te]‘vx2) and
organotelluriumtrihalides (RTanrxa), and derivatives of

these compounds.

The properties and stereochemistry of hydrogen telliuride
and its derivatives, tellurium oxides and oxyacids of
tellurium, hexahalotellurates and organometal lic compounds
(i.e. those compounds which contain tellurium-carbon bonds)
have been fully discussed in many of the standard inorganic

chemistry text books, ety

For an oxidation state of tellurium if +4, one lone pair
and four bond pairs may be predicted. Thus from a total of
five electron pairs & trigonal bipyramid shape is predicted
as for Me_TeCl,. With the acceptance of another negative

2 2

ligand, i.e. F~ as in Ter-, a Al octahedral structure
for the ion is predicted, i.e. one lone pair and five bond

pairs.,

In the oxidation state of tellurium +6, tellurium will
have six bonding pairs but no lone pair électrons. Thus
for an isolated molecule an octahedral structure, i,e,,

Te(DH}G, would be expected.



..3..

The stabilization of tellurium (IX) and tellurium (IV)
by sulphur containing ligands has received some attention,
Tellurium(II) 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

(a) through lone pairs of sulphur from a thioether

group, e.g., dimethylsulphide.

Y/
v

where R = CH3

(b) through a lone pair of sulphur fronm a thiocarbonyl

S
group, e.g. thioketones(C6H5-C‘-06H5)

Ph

S

where Ph C, H

65

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

Methanethiol (CH3SH)

@ SR



12 Thiourea and substituted thiourea complexes

with tellurium (II) and tellurium (I¥)

The reactions of sulphur donor ligands such as thiourea
and substituted thioureas with telluriun (II) and (IV) have
been extensively investigated}zaTypical examples of conpl:cxes
of tellurium (IX) and tellurium (I¥) with thioureca and their

derivatives Te( Y)n(x)In are listed in table 1-1.

The crystal structure of a large number of compounds of

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

These conplexes 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 (I¥) often occurs giving rise to complex of tellurium
(IT) and the oxidation of the thiourea to formanidiniun
disulphide cations as indlcated below -

:N =4 e ]I - )
Ter & (n+2)S—C(NRz)2 i [S"C(“R2)2Jnx2

L ++
Enzn)zc-s-s-c(mae)zj

where X = Cl1, Br oxr F.

13a,13b 13a,13b
The corresponding lodides thliocyanates

12 13a 138,13
bromide nitrates nd Earohloratas 2 adn Ne

Z
produced by ionic exchange reactions. An increase ~-°

158,15
or decrease ~ 1130

in the co=-ordination nunber of the
tellurium atom is possible, as can be secen from the following

examples 3=



TABLE 1-1

The complexes of Te+2 and Ta"4 with thiourea and their
derivatives Te(Y)n(x)..

Where +tu = thiourea, etu = ethylenethiourea, tmtu = tetramethylene-
thiourea, Prtu = propylenethiourea.

3 ¢ X n m Refersences
tu ¢1, Br, I, SCN, or CH,S,0, 2 15138, 1380 14
tu HF2 3 2103 %
#* »
Cl 9 Br, SCN, 2 i HFZ, N03’
tu - o 4 2 | 13a, 14, 15
80,y €10,, HC,0, il
tu Cl, Br 2 4 | 16
etu Br, I, SCN, CH,S,0,, C4HsS,0, 2 2 /535, 2%
etu cl0 1 3 2 13a
etu c1*%, Br*, c10,, TeC1 "™ 4 2| 13b
tmtu Cl, Br 1 2 13c
tmtu Cl, Br, I, CH38,0,, CgHSS,0, 2 21 13
tmtu €1, Br 2 4| 13e
Prtu c1™*, c10, 4 2| 13a
Prtu €10, 3 2| 134
tu/tmdto | C1, Br 2/2 | 2| 13e

erystallised in anhydrous from or with 2320

** orystallised with H,0

**%  obtained in the attempt to prepare Te(etu)2012



Te(tu)2012 + 2tu —— Te(tu)4012

Nal
Te(etu)4012.H20 _— Te(etu)212

CH_OH
3

where tu = thlourea and etu = ethylenethlourea.

13a,14

14
Sulphates nitrates and oxalates are also

Iknown.

In the well defined thiourea and substituted thiourea
cOranLu:,-xes,l2 the tellurium acceptor atom can cope with the
charge from the lone palr electrons on the sulphur donor to
form complexes of the types TeL4X2, TeL X, or Te(L)X; where
L is thiourea or substituted thiourea and X is a halogen
atom. When the ligand 1s tetramethylthiourea the
electronegative nature of the lone pair is so great that the
tellurium acceptor atom can only cope with the charge
donated from one ligand, resulting in the formation of a
1t1l complex., The electronegativity of the lone pair electrons
and presumably the size of the lone pair, is of great
importance and 1s related to the nature of the rest of the

ligands The nature or electronegativity of the lone pair

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

The stereochemistry of thiourea and substituted thiourea
tellurium complexes (e.g. Ten:(tu)2012) may have a cis or
trans structure. Crystallographic study has shown that

these cqmpounds are basically of a square planar structure T

as shown below t-



tu tu X tu
X X tu X
cis Te(tu)2X2 trans Te(tu)2X2
where X = halogen

Complex thioureaphenyltellurenylchloride was isolated

13a,1l3e

by Foss The equation for the reaction is shown

and discussed in Chapter III (page 88 ),

13 is three

Tellurium (II) in the complex CGHSTe(tu)Cl
coordinated, The structure is illustrated in Chapter III
(page 140), There are three normal bonds and the fourth
is very long. The Te=-=Cl bond opposite the 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 (I¥) in the complex CII TeSC(IILIee)zcl3 is

3

1
flve coordinated. 9The structure of this complex is

i1llustrated and discussed later in Chapter III (rage1do ).



143 The reaction of some tellurium (IV) compounds

with sone sulphur donor ligands.

Clark et al a¥ have studied the reaction of some
tellurium (IV) conpounds with Nﬂﬁ’N’ tetraethyldithio-
oxamide and suggest that the compounds formed may have
a structure based on a coordination number of six for
the tellurium atom, with one long Te-Cl bond or two long
Te=Cl bonds,

il
The ligand NNN N tetraalkyldithio-oxanlde contains
I

two R-1I-C=S groups and thus has the same essential groups

as found in thlourea,

Q=01

5
Hﬁﬁ >NH HzN/ \NRE
cH2)n

thiourea or substituted thiourea
a heterocyclic thiourea (where R = H, CH,, C2H5)
3
(where n = 2 or 3)

S S

O~

/

R2N Nﬂz

substituted dithio-oxanide

(where R = CH; or Cylls )



This thesis 1s concerned with the study of
NHHILK tetraalkyldithio-oxamide and their reaction with
tellurium (IV) compounds, The reaction of related
ligand such as dithiooxamide, heterocyclic (thiazolidine-
2-thione, pyrrolidine-2-thione, N-methyl=-pyrrolidine-2-
thione), methyl-3-mercaptopropionate and 1,3di(2-pyridyl)-
2-thiourea has also been investigated and the conplexes

formed, described and characterised,

Spectroscopic evidence indicates that co-ordination in
these compounds is invariably through sulphur atons but
there are indications that nitrogen donor atons are

sometimes involved,

The reactions investigated and products produced are

sunnarised in filgures 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 ;-

s Ot
CH3-——N-—C=S 021{5 N —-?=S
CH—N—(C=8S — N—0C=

3 | 02”5 N C=8

CH3 02H5

Tetramethyldithio=- Tetraethyldithio=-

oxamide

oxamide



- 10 =

H
?H2 ?HQ

|
CH,—N— C=8
HIT S |
N i Clly— F — C=5
c |
1 H
s

Thiazolidine-2-thione Dimethyldithio-oxanide

?H2+—-TH2 ?H2-—?H2
S5=0C, CH 5=C CH
S S
I I
H CH

3

pyrrolidine=~2-thione N-nethyl=pyrrolidine~2-thione

HHE 0
| l/J
Ha8=C0=0=C=0-0H
i 5
HH

Methyl-3=mercaptopropionate
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dprtu
Te

A

MeOH

TBuL
Te(TBuL)201

4 acetone
and MeOH

dprtu

¥

Te
MeOH

TBuL

Te(TBuL)zBr « "
e

N [

TeCl

TeBr

HezDH2

> Te(Me,DH,)Cl
acetic acid e 2 4
and MeOH

NMTBuL

> Te(NMTBuL)201
acetone
and MeOH

MezDH2

> Te(Me.DH, )Br
acetic acid 272 4
and MeOH

NMTBuL

Fig. le4

> Te(NMTBuL)QBr4
MeOH

Where: TBul is pyrrolidine-2-thione

NMTBul, is N=methyl-pyrrolidine-2-thione

MezDﬂz

/

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, TeCl

(p=CH,0CGH, ),Te, <

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

p—CHBOCGH TeCl

4 3
(p—CH3006H4)2T82 *

p-C,H.OC_ H, 6 TeCl
3-methyl-mercaptopropriate.
(p~CH,OC_H, ) ,TeCl
(p—CH3006H4)2Te D 6472 g
(p—C2H5OC6H4)2T9012
(p=C,
Mg 1.5

p-02H5006H4TeCI
!

3

The Reactions of some tellurium(IV) compounds with

sulphur donor ligands.

5

r(p—C2HSOCGH4)2T32

006H4)2Te2

H.OC_ H

50CgH, ),Te



1.4 Vibrational Analysis

The vibrational analysis of compounds containing
tellurium=-sulphur bonds have been limited to comvounds

where thiourea, nercapto acid and thiosulphide are ligands,

Aynsley et allé were the first workexrs to study the
spectra of any compound containing a tellurium=sulphur
bond. The complex examined was of the type 'l‘e(:l:}J')('l:u)z?L‘r
(where X is chlorine or bromine and tu is thiourea),

The tellurium atom was reported e to be the oxidation
state (I¥) but this compound was found to give a spectrun

identical to that for Te(II)(tu)zclz the preparation of which

134
was published independently, %

22
Hendra and Jovie published the infrared and Raman
spectra of Te(tu)401?, Te(tu)2012 and Te(tu)znrq (where
tu = thiourea), A band at 255 cm'l was assigned to the

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

Hendra and Jovie &2 exanined spoctroscopically the
telluro complexes with substituted thioureas, These
compounds had either cis or trans configuration. The
Y (Te-S) symmetric stretching frequency was assisned to

230 cm~1 and the asymmetric ) (Te-S) to 210 cn~i,

The preparation, infrared and Raman spectra of
telluro-mercaptoacids (such as tellurobis-(3-mercapto-
propionic acld), tellurobis-(2-mercaptoisobutyric acid),

and tellurobis-(2-mercaptopropionic acid) were reported

2
by Clar and Collett, 2



) L -

These compounds were prepared by adding sodium tellurite
in distilled water to the mercapto acids also dissolved in
water., Tellurium-sulphur symmetric and asymnetric stretching
vibrations in the Raman spectra to these compounds ranged
from OV 247 and 234 em~t for telluro bis(2-mercaptoiso-
butyric acid) and to AY 212 and 197 en~t in the other

two compounds,

Clark and Collett 25 also reported infrared and Ranan
spectra of seleno and telluro-pentathionates. These
conmpounds contain anions of the formula [ﬂ(3203)2]2-kwhcre
M = selenium or tellurium). It was suggested that the
symmetric tellurium-sulphur stretching frequency in

telluro-pentathionates was in the region 23%6-263 cm*l.

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 earllier, these are reported in nore detail in

Chapters II, IIT and IV.

It is suggested that the tellurium atom in these coapounds
are usually sulphur bonded but sometimes nitrogsen bonded,
From the vibrational data the possible stereochenistry of
the tellurium atoms may be inferred but not imphatically

Droved.

The structure of some tellurium (IV) compounds with

;s / P
NN IT tetramethyldithio-oxamide or NNN N tetraethyldithlo-

oxanide 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 (II) and tellurium (IV) compounds
with thiazolidine-2-thione may have a cis or trans
structure i.e.,, the tellurium atom in Te(ttz)zx4 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 IT and III.

1.5 Oxidation reactions of aryliciluriun

trihalide, diaryltellurium dihalide and

tellurium tetrahalide,

These compounds are good oxidising agents and appear
1o vary in oxidising capacity. The reaction products arc
elther diarylditelluride, diaryltelluride, or elenental
tellurium as summarised in fig, 1-5 and discussed in greater
detall in Chapter ¥, These oxidatlon products were
\

identified by infrared, elemental analysis and i n.m.r.

spectroscopy.

The reaction of telluriun (I¥) compounds (such as

RTeCls, RpTeCl, or TeX,, where X = Cl, or ir and R =P-C”5CUH4

or p-02H5006H4) with sulphur ligand donors (such as methyl-
3-mercaptopropionate or 1,3di(2-pyridyl)=2-thiourea wore

investigated and the reactions occuring are sumnarised in

Chapter Ir.
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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 conmplexes and the
telluriym, in the solutions produced, was determined by

atomic absorption spectroscopy.

The full experimental details are given in APpendix IT

n
(page 266) and have recently been published. e

5 KW Stability of complexes.

The brealk=down of complexes in mass spectroscopy
(tetramethyldithio-oxamide and tetramethyldithio-oxanide)

was also investigated. A typical fragmentation pattern

is shown and discussed in more detail in Chapter II (PpPage 79

) o



CHAPTER II

A o
NNN N Tetraethyldithio-oxanmide,
Pt

NNN N Tetramethyldithio-oxamide
7’
and NN Dimethyldithio-oxanide

conplexes of Tellurium(IV),
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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 ilons by reaction with this type of
ligand in a non-coordinating solvent such as acetone or

n-butanol, 26,27, 20

Transition metal ions have received some attention,
Maganese (II), iron (II), nickel (II), copper (II), fornm
complexes26 of the type [M(tedto)3] [010£1]2 but second
row transition metals form complexes of a different
stoichiometry, For example, with tetraethyldithio-oxanmide,
Pd(tedto)2 [0104]2, a 112 electrolyte and Pd(tedto)xz a
non-electrolyte have been reported.g7

Tin (I¥) chloride forms a complex Sn(t?_:d{;o)Cl4 26

and more recently &7 the range of elements which forn
complexes with tetraethyldithio-oxamide has been extended
to ineclude zinc (1), cadmium (II) and mercury (II). Two
classes of complexes are formed with these elements. The
Perchlorates of formula [M(tedto)3][0104]2 are similar to
those reported earlier for iron, nickel and copper but the
11l non-electrolytes of formula M(tedto)xztwhere X ey B

or I)are analogous to the palladium compound referred %o
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,

i.e. 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 Nﬁi disubstituted dithlo-oxamide which are
S, coordinated for gold (ITI) but agaln S,S coordinated
compleres (tedto AuX

=z

dithio=oxamide « ~

4)(Aux4) are formed with tetraethyl-

The reaction of fully substituted dithio-oxanide with
non=-transition elements has received 1little attention,
Clark et.al. =< reported the preparation of some telluriun (IU)
conplexes of the type Te(tedto)x4 and RTe(tedto)X3 where
R -CH3006H4, 02H5006H4 and X « 01, Br, or I.

The only complexes of tetramethyldithio-oxanide, a

11

potentially bidentate ligand, reported so far are those
with zine (II), cadmium (II), mercury (II) ok , Silver 23,
gold (IIT) e and palladium ET. The first row transition
elements for complexes of the type M(tmdtosz where

X = Cl, Br, or I (non-electrolytes) and others
M(tmdto)3(0104)2 which are 1;2 electrolytes., The second
row transition metal tmdto complexes are of the formula

Agz(tmdto)3(010 (tmdto)ﬂuxz(kuxd); ionic Pd(tndto)z(oloa)

22}
a 1:2 electrolyte; Pd(tmdto)X2 a non-electrolyte,

2

Tetramethyldithio=-oxamide should be a stronger donor
than the ethyl analogue, because of the induvetive effect

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

In this chaper, the preparation of twenty-four new
P A 4 ”~
conplexes are described. HNNN N tetramethyl or NNN N tetra-

ethyldithio-oxanide complexes were prepared by dissolving

tetramethyldithio-oxanide or tetraethyldithio-oxamide (1 nnol,)



in a sultable dry solvent such as methanol or n-butanol and
then adding this to the tellurium tetrahalides or aryltellurium
trihallides (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
Preparcd by the addition of telluriumtetrahalides digsolved

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,
s 4 A

NNN N dimethyldithio-oxamide, NNN N tetramethyldithio-oxanide

Fd
and NN dimethyldithio-oxamide) which were used for the

preparation of complexes Wwith sulphur donor ligands, were vronaro

=44
according to the literature prOQedur953 and these are

summarised in fig. 2-1,2-2, Full experimental detalils of
the preparation are given in anpendix I (page;gg). A dd:

compounds gave satisfactory analysis (see table A2-5page 209).

The complexes prepared were of the type Te(tmdto)x4
ArTe(tmdto)x3 and ArTe(tedto)XB; where X = Cl, or Br, and
Ar = Dphenyl; p-CH306H4. p—CH3OC6H4, p—02H5006H4,
p-06H5006H4, p-06H5806H4, p-3r06H4, (tmdto is tetramethyl-
dithio-oxanide and tedto is tetraethyldithio-oxanide).
ALl compounds were analysed for carbon, hydrogen, nitrogen,
and tellurium and were subjected to chemical and vibrational
analysis. Assignments of the tellurium-halogen and telluriui-
sulphur vibrational modes were also made. The reaction ofy

tellurium tetrachloride and tellurium tetrabromide with
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NN dimethyldithio-oxamidey and full substituted dialkyl-
dithio-oxamideswith aryltelluriumdichloride, was investigated

and the possible structures of the compounds were discussed.

It 1s 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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2e2 EXPERIMENTAL

0

2:2.1 Preparation of the NNN N tetraethyldithlo

-oxamide complexes with Aryltelluriun-

trihalides.

2.2.1.1 Phenyltelluriumtrichloride

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

3 of dry methanol was added to a solution

oxamnlde in 5 enm
of 04311 g, (1 mmol,) of phenyltelluriumtrichloride in

5 cm3 of dry methanol. On stirring for 10O ninutes a pale
yellow preciplitate formed immediately on cooling in an ice
bath. The precipitate was filtered off, washed with dry
methanol and dried in a vacuum desliccator, Yield 0.35 .
meDe 125=130°C (deconp.)

[ Found €, 35,583 H, 4.728 R, 5.35; Te, 23.32; T952016K25H2€l3

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

2.2.1.2, Phenyltelluriumtribronide

Phenyltelluriumtribronide 0,444 g, (1 mmol,) in 7 on>
of dry methanol was added to a solution of 0,232 g. (1 amol.)
of tetraethyldithio=oxamide. 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.)
[found C, 28,285 H, 3,91; N, 4.19; Te, 19.08; Tes,CqgHye NyBT

S R, |
requires C, 28438y H, 3.73; N, 4.11; Te, 18,87 % ]
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2.2.1.3 Tolyltelluriumtrichloride

0.2%2 g« (1 mmol,) of tetraethyldithlio-oxamide in 5 cm3

of dry methanol was added to a solution of 0.725 g. (1 mnmol,)
of p-tolylielluriuntrichloride in 7 cm3 of dry methanol, On
stirring for five minutes a pale yellow precipitate formed
immediately on cooling. The precipltate was filtcred off

and dried in a vacuum desiccator, Yield U.34g, n.p.165-168°C
(deconp) .

(Found C, 36.14; H, 4.89; N, 5.12; Te, 22,84y TeS,C;,HpaN5C1
requires C, 36.62; H, 4.,89; N, 5,01; Te, 22,91 %]

2.2.,1.4 p=Tolyltelluriumtribromide

To a solution of 0,458 g. (1 mmol,) of p-tolyltellurium-

3

tribromide in 7 cm” of dry methanol was added a solution of

0.232 g. (1 mmol,) of tetraethyldithio-oxamide in 5 cm3
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. m.p. 175-178°C (decomp.)

[Found C, 29.863 H, 4.22; N, 4.19; Te, 18.35: Tes 50y g Hyq NpBry
requires C, 29.55; H, 4.,00; N, 4.06; Te, 18,48 %

2.2+1.5 Phenoxyphenyltellurium trichloride

Tetraethyldithio-oxanide 0,580 g. (2.5 mnol.)in 15 cn>
of dry n-butanol was added to a solution of 0.997 g« (2.5 wmol,)
of p=phenoxyphenyltellurium trichloride in 15 en3 of dry

n-butanocl, 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. n.Dp.180-184°¢C

(deconp.)
requires C, 47.17; H, 4.67; i, 4,473 Te, 03 % ]

2.2.1,6 p=-Phenoxyphenyltelluriuntribronide

A solution of 04232 g, (1 mnol,) of tedto ia 5 cm3

of dry methanol was added to a solution of 0,536 g. (1 mmol,)
of p-phenoxyphenyltelluriuntribroailde in 5 cm3 of dry
methanol, On stirring a yellow precivitate formed innediately
on cooling 1n an ice bath. The product was filtered of{ and
dried in a vacuum desicecator., Yield 0.59 g. 1.D.165=157°¢
(decomp. )

[Found ¢, 34.58; H, 3¢70; N, 3.79; Te, 16,34,

TeS,.C OI Br, requires C, 34.36; H, 3.32; X, 3.79;

T 29 3
Te, 16.61 ¢ ]

2.2.1.7 p=-Thiophenoxyphenyltelluriuntrichloride

0,418 g. (1 mmol,) of p-thiophenoxyphenyltelluriun-
trichloride in 1T cn3 of dry nmethanol was o'ded to a solution
of 0.232 g¢ (1 mmol.) of tetraethyliithio-oxaaide in 5 e
of dry methanol, On stirring for ten niiutes 2 pale yellow
Precipitate formed innediately on cooling in an ice bath,
The precipitate was filtered off and dried in a vacuun
desiccator. Yield 0.46 5. m.p, 165-170°C (decomp.)

[Found ¢, 40.84; H, 4.,64; N, 4,41, Te, 19.91;
TeS, C Cl, requires C, 40.55; H, 4.49; N, 4.30;

3 22 29 2 3
Te, 19, 54 72 ]
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2.2+1+s8 p-Thiophenoxyphenyltelluriuntribronide

Tetraethyldithio~oxanide 04232 g+ (1 nmol,) in 5 cm3

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

L 3

of p-thiophenoxyphenyltelluriumtribronide in 6 cn” 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
desliccator., Yield 0.51 g« m.p. 160-164°C (deconp.)
[Found €, 33.22; H, 3.70; N, 3.53; Te, 16.72;

-

TeS C?2H29H23r3 requires C, 33.66; H, 3.72; N, 357

3
Te, 16,27 %]

242.1.,9 p-Bromophenyltelluriumtribronide

To a solution of 04232 g. (1 nnol.) of todto in 5 cn>
of dry methanol was added a solution of 0,514 g, (1 nmnol,)

of p=bromophenyltelluriuntribronide ia 6 cn3

of dry methanol,
On stirring for five minutes a yellow-orange procipitate
forned immediately on cooling in an ice bath, The product
was filtered off and dried in a vacuun desiccator.

Tield 0.53 g. me.p., 187-189°C (deconmp.)

(Found ¢, 25.93; H, 3.51; W, 3.72; Te, 16.95;

T952016H24N23r4 Tequires C, 25.42; 1, 3.20; N, 3.71;

Te, 16.89 % ]
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F AN
2e¢242 Preparation of HNN N tetramethyldithio=-

oxanide compleoxes with tellurium tetra-

halides and aryltellurium trihalides.

2.2.2,1 Telluriunmtetrachloride

Tetranethyldithio-oxamide 0,176 g. (1 mmol.) in 5 cm>

of dry methanol was added to a solution of 0,279 g. (1 mnol.)
of telluriuntetrachloride in 4 en3 of dry methanol., On
stirring a yellow-orange precipitate formed innmediately
after cooling at 10°C. The precipitate was filtered off,
washed with dry methanol and dried in a vacuum desiccator.
Yield 0435 g¢ m.D. 203°C (decomp.)

[Found ¢, 16,50; H, 2.80; N, 6.,00; Te, 28,95, Teb,Cg iyl )01,

requires C, 16,17; H, 2.72; N, 6.29; Te, 28.65 % )

2.2¢2.,2 Telluriuntetrabronide

0,447 g« (1 mnol,) of telluriumtetrabdbronlde in 5 on 3

of dry methanol was added to a solution of 0,175 g. (1 mmol,)
of tmdto in 5 c:n3 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 0452 g. m.p. 234°C (decomp.)

[Found ¢, 12.15; H, 2,113 N, 4.19; Te, 20.39; TeS,C4H,,N,Bz,

requires C, 11.,55; H, 1.94; N, 4.49; Te, 20,47 %]

224243 Phenyltelluriumtrichloride.

0,176 g« (1 mmol,) of tetramethyldithio-oxanide in 5 ca3

of dry methanol was added to a solution of 0,311 g. (1 mnol.)
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of phenyltellurium trichloride in 5 cm3 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. m.p. 147-151°C. (deconp.)
[Found C, 29.63; H, 4.22; N, 5.75; Te, 26.151 TeS,C,,H N CL 4
requires €, 29,573 H, 3.91; N, 5.75; Te, 26,20 %]

2.2.2.4 DPhenyltelluriumtribronide.

A solution of 0,176 g. (1 mmol,) of tmdto in 5 cm3 of
dry methanol was added to a solution of 0.444 g, (1 nmol,)
of phenyltelluriumtribromide in 5 cm3 of dry methanol, A
yellow precipitate formed immediately after coolin; and
stirring to 10°C. The precipitate was filtered off and
dried in a vacuum desiccator. Yield 0,45 z. me.p. 125-127°C,
(decomp. )
[Found C, 23.89; H, 3.36; N, 4.50; Te, 20.01, Teszclznl7:23r3
requires C, 23.21; 1, 3.07; N, 4.51; Te, 20.57 %]

2¢2.2.,5 p=Tolyltelluriumtrichloride.

p-Tolyltelluriumtrichloride 0.3%25 g, (1 mmol.,) in
5 cm3 of dry methanol was added to a solution of 0.176 g.
(1 mmol,) of tetramethyldithio-oxamide in 5 em of dry
methanol, On stirrling a pale yellow precipitate formed
immediately after cooling to 10°C. The product was filtered
off and dried in a vacuum desiccator. Yield 0,%5 g.
MmePe 192-196°C (deconp,)
[Founa C, 31,373 H, 4.22; N, 5.733 Te, 25.16, T982013H19H2013

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



2,2.2.6 p=Tolyltelluriumtribronide.

To a solution of 0.175 g. (1 mmol,) of tmdto in 5 cm3
of dry nmethanol was added a solution of 0.753 g. (1 nmol,)
of p-tolyltelluriumtribromide in 5 cm3 of dry methanol. On
stirring for five minutes a yellow precipitate formed afterxr
cooling to 10°C. The precipltate was then filtered off and
dried in a vacuum desiccator, Yield 0,469 g. n.p. 186=190°C
(decomp.)

[(Found ¢, 25.28; H, 3.50; N, 4.37; Te, 20,03, TeS,0y yHgilp01y

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

2.2.2.7 p-Methoxyphenyltelluriunmtrichloride.

Tetramethyldithio-oxanide 0,176 g, (1 mmol,) in 5 on >
of dry methanol was added to a solution of 0.341 g. (1 namol.)
of p-methoxyphenyltelluriumtrichloride in 5 cm3 of dry
methanol., A yellow precipitate formed immediately after
stirring and cooling at 10°C. The product was filiered off
and dried in a vacuum desiccator, VYield 0.32 g. m.p.1l76-173°C
(decomp.)

[Found C, 30.61; H, 3.70; N, 5.73; Te, 24.85; Tes, Cy 41114 0i7,C1

3
requires €, 30.17; H, 3.70; N, 5.42; Te, 24,58 %]

2:2¢2.8 p-Methoxyphenyltelluriumtribronmide.

0.474 g. (1 mnol, ) of p-methoxyphenylitelluriunmtribromide
an 'y cm3 of dry methanol was added to a solution of 0,176 g

e

(1 mmol.) of tmdto in 5 em3 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. m.De 170-176°C (decomp.)
[Found C, 24.10; H, 3.21; N, 3.91; Te, 19.69 T682013H190323r3
requires C, 23.99; H, 2,965 N, 4.31; Te, 19.62 & ]

2¢2,2.9 p-Ethyoxyphenyltelluriumtrichloride.

A solution of 0,176 g« (1 mmol,) of tetramcthyldithio=-

3 of dry methanol was added to a solutlon of

oxamide in 5 cm
04355 g¢ (1 mmol,) of p=ethoxyphenyltelluriumtrichloride in

5 cm3 of dry methanol. A pale yellow precipitate formed
immediately after stirring and cooling at 10°C, The preccipl-
tate was filtered off and dried in a vacuum deslccator.

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

J.euzcld 2101 C,13
requires C, 31.54; H, 3.94; N, 5.27; Te, 24.0% ¢

e

[Found ¢, 32. 52; H, 4.31; N, 5.51; Te, 24.20;

2:.2.2.10 p=Bthoxyphenyltelluriuntribronide.

p-Bthoxyphenyltelluriumatribromide 0.438 g. (1 mnol,)
in 5 cm3 of dry methanol was added to a solution of 0.176 g.

(1 mmol,) of tmdto 4in 5 cm3

of dry methanol. On stirring a
yellow precipitate formed immediately after cooling to 10°C.
The product was filtered off and dried in a vacuunm deslccator.
Yield 0442 g¢ mep. 159-165°C (decomp, )

[Found ¢, 26.07; H, 3.50; N, 4.14; Te, 19.02% TeS, Cy , Hpy O ,BTy
requires C, 25.29; H, 3.19; N, 4,213 Te, 19.21 %]
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2.2.2,11 p=Phenoxyphenyltelluriumtrichloride.

el

0.176 g« (1 mmol,) of tetramethyldithio-oxamide in 5 cm

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

3

of p=-phenoxyphenyltelluriumtrichloride in 5 em~ 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 ¢, 37.87; H, 3.89; N, 4.41; Te, 22.16 Tes,C 01 ,C1

181121 3

requires C, 3T7.31; H, 3.663 N, 4.84; Te, 22.04 % ]

2:.2:.2.12 p=Phenoxyphenyltelluriumntribromide.

To a solution of 04536 g, (1L mmol,) of p-phenoxyphenyl=
telluriumtribronide in 5 cm3 of dry methanol was added a
solution of 0,176 g. (1L mmol,) of tmdto in 5 cm3 of dry
methanol, On stirring a yellow precipitate formed immcdia=
tely after cooling to 10°C, The product was filtered off
and dried in a vacuum desiccator. Yield 0.55 g.
meDs 155-153°C (decomp.)

[(Founda ¢, 29.63; H, 3,073 N, 3.68; Te, 17.45; TeS,C,gH,5101,B

14 ) og
s
requires O, 30,32; H, 2.97; N, 3.94; Te, 17.91 %]

20242413 p=Thiophenoxyphenyltelluriumtrichloride.

Tetramethyldithio-oxamide 0,176 g, (1 mmol,) in 5 cm3
of dry methanol was added to a solution of 0,419 g, (1 mmol, )
of p-thiophenoxyphenyltelluriumtrichloride in 5 cm3 of dry
methanol, A pale yellow prececipitate 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 (deconp.)

[Found ¢, 36.34; H, 4.12; N, 4.41; Te, 21.10; Tes3018H21N2013
requires O, 36.30; H, 3.873y N, 4.71; Te, 21.45 4 ]

2.2.7 Preparation of the NN dimethyldithio-

-

oxamide complexes with Tellurium(I¥) halide.

2:243¢1 Telluriumtetrachloride

NN Dimethyldithio-oxamide 0.075 g. (0+5 mnol,) in a
mixture of 2 cm3 methanol and 3 cm3 acetic acid was added
to a solution of 0.27 g¢ (1 mmol,) of telluriumtetrachloride
3

in a mixture of 3 cm3 methanol and 2 em~ acetice acid, Oan
stirring at room temperature the solution was changed fron
light yellow to violet, and a violet precipitate fornmed
after ten minutes. The precipitate was filtered off and
dried in a vacuum desiccator. Yield 0.2 g.

[Found ¢, 11.81; H, 2,18; N, 6.%6; TeS,C,ligll,Cl,y requires

G, 11,51y Hy 1493 N, 670 % ]

2:¢2:3%342 Telluriumtetrabromide.

A solution of 0,075 ge (045 mmol,) of He,DH, in a
mixture of 2 cm3 methanol and 3 cm3 acetic acid was added
to a solution of 0,447 g. (1 mmol,) of telluriumtetrabronide
in a nixture of 3 cm3 methanol and 2 cn3 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
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vacuum desiccator, Yield 0.24 g,

[Found ¢, 8.063 H, 1,363 I, 4,70, TeS,C,HgN ,Br, requires

4
C, 8,483 H, 1.60; N, 4,54 %]

AT
2.2.4 Reaction of NNN N Tetraethyldithio-

oxamide with diaryltelluriumdichloride,

All reactions falled to give crystalline precipitates.

2.2.4,1 Bis-p=nmethoxyphenyltelluriumdichloride.

s /7
0.232 g« (1 mnmol,) of NNN N tetraethyldithio-oranide
ian 5 cm3 of dry methanol was added to a solution of 0,414 3.

(1L mmol.,) bis-p-methoxyphenyltelluriumdichloride in 5 cm3

of dry methanol., A yellow colour is always produced by
reaction of aryltelluriuntrihalide with HHJ’K/ 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 vacuun

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

z5
as bis=-p-methoxyphenyltelluriumdichloride m,p, 180°C. °°

2¢2.4,2 Bis~-p-ethoxyphenyltelluriumiichloride.

The reaction of bis~p-ethoxyphenyltelluriumdichloride
> ’

with NHN N tetraethyldithio-oxanide failed to produce a

complex which could be isolated.
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2.3 RESULTS

2:3.1 Synthesis,
v ’ o

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,
Nﬁ' Dimethyldithio-oxamide complexes were prepared by
dissolving Mezbﬂz 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 acld. The
solvent used depended on the tellurium compound and those
glving the best experimental conditions are recorded in the

expexrimental section.

2s5:2 Conductivity Measurements,

The molar conductivity of tellurium (I¥) complexes in

DIMF and nitromethane are shown in table 2-1 and 2-3%,

24343, UsV. and visible spectra,.

The complexes are slightly soluble in dimethylformanide
solution and all show strong absorptions at 35.7 kK and

36436 kK.
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2¢3¢4 Tellurium Analysis,

Samples were analysed for tellurium content by
decomposition of the samples using the oxyzen 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
2:3.5 H n.m.r, spectra

There is no sultable solvent for teliurium (IV)
complexes which would enable investigation of the compounds
by‘H nem.r., However, the reactions of the two compounds,
Bis-p=anisyl and Bis=p-penetyltelluriumdichloride, with

f

HNN N tetraethyldithio=~oxanide were Investigated and the

reaction products examlned by'H N.M.T,

2.3.6 lfass spectra

The mass spectra of tetraethyldithio-oxanide,
tetramethyldithio-oxamide and its telluriun complexes are

tabulated as follows

Table 2-8 Tetraethyldithio-oxanide
Table 2-9 06H5Tex3tedto and p~3r06H4TeBr3tedto

Table 2-10 p-CH306H4Te013tedto and p-CHBC6H4TeBr tedto

3

tedto and p-CGH C H Tebl tedto

Table 2-11 C
i 5° 3

5006H TeCl3

Table 2-12 Tetramothyldithio~oxamide

Tab ~13 p=C! -
a 1e_2]5 P CH3006H4TeX3tmdto and p CH306H4TeCl3tmdto
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2e307 Vibrational spectra

The bands of the infrared spectra for tellurium (IV)

-1
complexes above 400 em are tabulated as follows;

Table

ro

-1l Tetraethyldithio~oxamide and its tellurium
complexes,
Table 2-3 Tetramethyldithio-oxamide and its telluriunm
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 06H5T9013, tedto and CGHBLeCl tedto
Fig. 2-4 CsHsTeBr tndto and 06H5TeBr tmdto
Fig, 2=5 tmdto, TeCl4tmdto and TeBr4tmdto

Fig. 2«6 Me DH,, Te({ﬁ32D1{2)014 and Te(I\-Ie2D112)Br4

The bands of the i1.,r., and Raman spectra at low frequency

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

Table 2-2 Tetraethyldithlo-oxamide and its telluriunm
complexes,

Table 2-4 Tetramethyldithio-oxanmide and its telluriunm
complexes,

Table 2-6 Dimethyldithio-oxamide and its telluriunm

complexes,
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but the i.r. spectra of sone complexes are reproduced ing

Fige 2-7 Tetraethyldithio-oxamide and its telluriun
conplexes.

Fig. 2-8 Tetramethyldithio-oxamide and telluriun
tetrahalides complexes.

Fig, 2-9 Tetramethyldithio-oxamide and its telluriunm
complexes.,

Fiz. 2-10 Dimethyldithio-oxamide and its tellurium

complexes,

and also the Raman spectra of some complexes are rcproduced

in:

Fig. 2-11 06H5Tex3tedto

Flge 2-12 Texdtmdto

Fig. 2=13 P—CQH 006H TeCl.,tmdto

5 4 3
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TABLE 2-1

I.r. spectra

b

CPRpORRIR V(CN) V(cs) /\DHF /\Nitromathane
Tetraethyldithio—oxamide 15008 872m
Phenyltelluriumtrichloride 15508 863m 29 32
complex 1510s
Phenyltelluriumtribromide 1540s 860m 42 48
complex 1510s
p-Tolyltelluriumtrichloride| 1546s 861m 26 35
complex 1510s [
p~Tolyltelluriumtribromide 15468 862m 32 . 52
complex 1510s
p~Phenoxyphenyltellurium=— 1537s 862m 29 | 35
trichloride complex 1510s i
p-Phenoxyphenyltellurium— 15408 860m 48 43
tribromide complex 1510s 845m
p-Thiophenoxyphenyltellu~ 1540s 859m 27 33
riumtrichloride complex 15108 l

|

p-Thiophenoxyphenyltellu- 15408 858m 39 43
riumtribromide complex 1510s
p-Bromophenyltelluriumtri- 1548s 800m 38 45
bromide complex 15158

a., The more important bands in om™ L

b. cmz. ohm-l. mola“‘l. 10734 solution at 20°C.
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TABLE 2-2

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide

trihalo complexes below 410 cm .

1

tedto 06H5T0013tedt0 06H5T93r3tsdto
Assignment
i.r. Reman i.r. Raman 17, Raman
ay By oy
4058 405w 402m 3
365m )
)ligand vibration
344m 350w ;
293m 297w 297w )
276wsh combination band
289m  285s )
) ¥ (Te-Cl1)
260s  263m )
237ssh 244msh 249vs 249w )
)
237w )
) ) (Te-S)
225vs 221w 217vs )
)
203vs )
196s 185m 186msh 177wsh ligand vibration
189vs )
) ) (Te-Br)
165vs  159vs )
154w 144w 155w 157w ligand vibration
118w S (Te=Br) 2




Table 2=244ss

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide

" 43 o=

trihalo complexes below 410 cm .

1

tedto p-BrG5H4TeBr3tadto
i.r. Raman i.r. Raman AEEIEINNE Y
oy oy
4058 404w ;
365m ;ligand vibration
344m 350w )
303m Te-C bending mode *
293m 293w ligand vibration
280m 276vw combination band
2528sh )
) Y (Te-S)
241m )
1968 182? ligand vibration
184ve 187s
) Y (Te-Br)
164vs 161s
154w 144w ligand vibration
143m d" (Te-3)
108w S (Te-Br) ?

' -
A strong band found at 312 cm

1

for p~iodoanisole and the band

- 56
at 309 cm + in p-fluoroiodobenzene is said to involve C~I bending.
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Infrared and Raman spectra of tellurium tetraethyldithio-oxamide

trihalo complexes below 410 cm

tedto  |p-CH,C,H,TeCl,tedto | p-~CH,C(H, TeBr,tedto
i.r. Ramen| i.r. Raman i.r. Raman APRIgnmen
4058 404w 402m )
365m 363vw 380m ; ligand vibration
344m 350w ;
R 305w 302w Te~C bending mode ™
293m 293w ligand vibration |
276w combination band l
280s 276vs i)
1) Y (Te-C1) |
260vs ) |
242ve 237msh 246m [)
229ssh H ) (Te-S)
220vs 217w i
205vs )
196s 185m ligand vibration
186s  183s )
1728 173s g ) (Te-Br)
157vs g
154w 144w ligand vibration
142m 145msh
) d (Te=8)or I (Te~C1)
133w )
106w d (Te-Br)?

* A strong band found at 312 om L

at 309 om-l

for p-iodoanisole and the band

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



Table 2=2....

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide

trihalo complexes below 410 on " Ls
tedto p-06H5006H4T0013tedto p-0635006H4TeBr3tedto
i.r. Raman i.r. Raman i.r. Raman ABBignment
AY AY v
4058 405w 403w ; i
365m ;1igand v:‘.bra‘tion'f
344m 350w 353m 351w )
313m 308w Te-C bending mod*ej!
293m 293w 286w 279vw ligand vibration |
R 278ve 277vs )
)y (Te=Cl) |
262msh 2568 {)
252m | ) ‘I
)
241vs 236msh 246w 243w )y (Te-S)
)
2098 207w )
1968 185m 198m )
)ligand vibration
178w )
178ve 173vs )
) Y (Te-Br)
160msh 157vs )
154w 144w ligand vibration
142a 145msh ; d (Te-8) or
133w 137wen [ I{%e=03)

* -
A strong band found at 312 cm A for p~iodoanisole and the band

at 309 om-l

56

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



Table 2=2.400

s g =

Infrared and Raman spectra of tellurium tetraethyldithio-oxamide

trihalo complexes below 410 cm .

1

tedto p-06H5306H4T3013tedto p—CGH5306H4TeBr3tedto
i.r. Raman i.r. Raman i.r. Raman Assignment
oy oy Ay
4058 406w 405w ; i
365m 382vw gligand vibrationiI
344m 350w ) i
|
3168 317w 313m Te-C bending mod:!
293m 293w 301w 287w ligand vibration j
2T3vw combination band _
2768 272vs )
) )V (Te-Cl) L
2558sh 253vs ) i
252m ) !
) V(Te-5) |
231vs 230ssh 246m 242w )
1968 185m 190m )
)ligand vibration
17Tm 179w ) |
1938 194wsh )
)
1858  175s ; y) (Te-Br)
1558sh 161s )
154w 144w ligand vibration
Sen ) d (Te-S) or
o J & (2e-c1)

ks -
A strong band found at 312 em % for p-iodoanisole and the band

at 309 cm-l in p-fluoroiodobenzene is said to involve C-I bending-

56
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TABLE 2-3
I.r. spectra "
b
SORRRIren VieH) eS) | A pup | A yitromethane

Tetramethyldithio-oxamide 15288 828m

Tellurium(IV) chloride 15828 821m 43 39
complex 1545s

Tellurium(IV) bromide 15808 810m 122 76
complex 15538

Phenyltelluriumtrichloride 15708 817m 35 35
complex 1530s

Phenyltelluriumtribromide 15658 816m 48 45
complex 1530s

p~Tolyltelluriumtrichloride 15708 820m 32 33
complex 1530s

p=Tolyltelluriumtribromide 1565s 818m 48 43
complex 1530s

p-Methoxyphenyltellurium— 1575s 820m 33 34
trichloride complex 15358

p-Methoxyphenyltellurium- 15658 818m 48 53
tribromide complex 15358

p-Ethoxyphenyltellurium-— 1565s 814 31 34
trichloride complex 15358

p~Ethoxyphenyltellurium- 1565e 817 43 36
tribromide complex 15308

p-Phenoxyphenyltellurium— 1570s 820m 30 32
trichloride complex 15408

p—~Phenoxyphenyltel lurium=— 15688 820m 50 39
tribromide complex 15358

p~Thiophenoxyphenyltell- 15668 817m 27 26
uriumtrichloride complex 1530s

1

a. The more important bands in em

b. cme. obn L, mole

L e

3

“M solution at 20°C
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TABLE 2-4

Infrared and Raman spectra of tellurium tetramethyldithio—oxamide

tetrahalo complexes below 410 cm ».
tmdto TeC14tmdto TaBr4tmdto
i.r. Baggn i.r. Raﬂgn i.r. Razgn Astdgrnent
380m 377w 380m 372w 378m )
346mw 345m 342m ;ligand vibration
3068 31lw ;
2778 273m Y (Te-C1)
238vs 235w 254m 252w y) (Te-8)
187Tm 179w 182m 180w ligand vibration
187ve 177s )
158m 153vs ; y AT
146w 133vw 145vw 133wsh 144msh ligand vibration




Table 2-4. LN

Infrared and Raman spectra of tellurium tetramethyldithio-oxamide

trihalo complexes below 400 cm -,

1

tmdto 06H5T0013tmdto CGH5TaBr3tmdto
i.r. Raman i.r. Raman i.r. Raman | A®Signment
oy ay oDV
380m 377w 380m 377w 380m 381w |)
)ligand vibration
346mw )
332w ) *
)Te=C bending mode
320w
3068 3llw ligand vibration
2838 2818 )
) V) (Te=C1)
264m 2678 )
235m 232w 250m  250m |)
) Y (Te-3)
215m )
18Tm 179w 186m 178w ligand vibration
176vs 171s )
) V(Te-Br)
15Tmsh 159vs |)
146w 133vw 145vw 133w 145msh 132w ligand vibration
116w J (Te~Br) 2

* A strong band found at 312 om™} for p-iodoanisole and the band

at 309 on * in p-fluoroiodobenzene is said to involve C~I bending .

56




Ta.ble 2"'4.0 LN

Infrared and Raman spectra of tellurium tetramethyldithio—oxamide

trihalo complexes below 400 em 2,

tmdto p—CH306H4TeCI3tmdto p-CEBC6H4TeBr3tmdto
i.r. Raman i.r. Raman i.r. Raman ASSiEvmSL
oy oY AY
380m 377w 380m 377w 375w 3T74vw
)ligand vibration
346mw
*
333m 320w Te-C bending mode
3068 311w 303wsh ligand vibration
2768 273m )
) y (Te~C1)
2628 259m )
234vs 235w 260w )
) Y (Te-s)
2088 197w 2238 219w
18Tm 179w 180w 177w ligand vibration
176s 177s )
) ) (Te-Br
155vw  157vs )
162w 159w unassigned
146m 133vw 140vw 133w 143w 132w ligand vibration

* -
A strong band found at 312 cm 1 for p-iodoanisole and the band
6
1 5

at 309 em =~ in p-fluoriodobenzene is said to involve C~I bending .



T&ble 2-4- see

R

Infrared and Raman spectra of tellurium tetramethyldithio-oxamide

trihalo complexes below 400 cm .

1

tmdto p—CH3006H4T8013tmdto p—0H3006H4TeBr3tmdto
i.r. Raman b G Raman 1.2 Raman Assigument
oy Ay PNY
380m 377w 382m 378w 383m 377w
)ligand vibration
346mw )
335w 339w 330m Te~C bending mod:
3068 311w 303w ligand vibration
276m  27Tm ) (Te-C1)
236vs 230w 221m 233w y) (Te-S)
187m 179w 185m 179w ligand vibration
188vs 185s )
) ) (Te=Br)
167m )
146w 133vw 143w 133vw 145w 132w ligand vibration

. —
A strong band found at 312 em 2 for p-iodoanisole and the band

at 309 om 1t

56

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




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

trihalo complexes below 400 cm .

1

tmdto p~0235006H4T9013tmdto p-02H5006H4TeBr3tmdto
b P o Raman 1ss Raman 1.7 Raman Asaiment
oY AY ny
380m 377w 380m 375w 381m )
)ligand vibration
346mw )
SFR PRI ; Te-C bending *
32Tm 322w 329w Jun e
3068 311w ligand vibration
273vs 276vs g
) (Te-C1)
255vs 2558 )
23lve 232m 251m 241w g
Y (Te-5)
210vs )
18Tm 179w 183w 178w ligand vibration
182vs 178s Y (Te-Br)
160w 157wsh unassigned
146w 133vw 140w 133w 145w 133w ligand vibration
»

at 309 om -

A strong band found at 312 cm L

for p-iodoanisole and the band

56

in p~fluoroiodobenzene is said to involve C-I bending .
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Infrared and Raman spectra of tellurium tetramethyldithio-oxamide

trihalo complexes below 400 cm .

33

tmdto p-06H5006H4'I'001 3tmdto p—06H50061{4TeBr3tmdto
i.r. Raman i.r. Raman i.r. Raman SRS SV
AY oy AV
38om 377w 392m 384w 381m )
)ligand vibration
346mw )
335m 332w a3iv ; Te=C bending 2
315' ) mode
3068 311w ligand vibration
2788 272vs )
) ) (Te-C1)
264s )
235ve 237w 240msh 240w )
)V (1e-5)
205m
18Tm 179w 18lm 178w ligand vibration
180vs 178msh Y (Te-Br)
146w 133vs 140w 133w 145w 132w ligand vibration

* -
A strmg band found at 312 cm A

at 309 om L in p-fluoroiodobenzene is said to involve C~I bending-

for p-iodoanisole and the band

56
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Tabla 2—40 see

Infrared and Raman spectra of tellurium tetramethyldithio-oxamide

trihalo complexes below 400 cm .

tmdto p-06H550634T9013tmdto
i.r. Raman i.r. Raman AS21goment
oy Ay
380m 377w 380m 371w )
)ligand vibration
346mw
330w Te~C bending mode 4
3068 311w ligand vibration
283m 2738 ;
y (Te-c1)
261lm 259w )
236vs 235w ) (Te-8)
187m 179w 186m 180w )
)ligand vibration
146w 133ww 145w 133w )

* -
A strong band found at 312 cm . for p—-iodoanisole and the band

56
at 309 om 3 in p-fluoroiedobenzene is said to involve C-I bending .
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TABLE 2-5

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

TeCl, and TeBr, between 500-3300 cn - the moye impertant bands.

Dimethyldithio—oxamide

(HezDHz) TO(H823H2)014 Te(uazDH2)3r4 Assignment
690s 675m 690m § (NH)

8688 841vs 850m )
) VJ(cs)

905w 872vs )

1005sh )

)

1020s 1010vs 1020vs ) Thiocamide ITI

)

1060m 1090vs )

1160m 1155m 1160w )
) V(cyN)

1236m 1225w )

13508 1350m 13558 )

) Thioamide IT

1395vs 1380s )

15308 1548vs 1540vse )
) Y (cw)

1570msh 1577ssh )
3180s 32008 3180m y (NE)
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TABLE 2-6

e

The infrared and Raman spectra of NN dimethyldithio-oxamide complexes

of tellurium tetrahalides below 310 cm-l.

Dimethyldithio-oxamide
(Hezl)Hz ) Te (Maz'.F)I-I2 )Cll4 Te (Mezlm':2 )Br4 Assignment
i.r. Ramgn i.r. s 5 s
a
93s 98m 95m g
149w 15Tm 151msh 150m )
ligand vibration
185m 175wsh 183m 3
)
193m )
190vs Y (Te-Br)
216m 209wsh 215msh ligand vibration
2028 )
) Y (Te-5)
2358 252m )
270m ) (Te-C1)
290m 293w 280m ligand vibration
310m 302m Y (Te-N)
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TABLE 2-T7

I.r. and Raman spectra of

Aryltelluriumtrihalides and its complexes.

(Te-C1) (Te=Br)
12, Raman r I o1 Raman
om—1 Y om™ Sy
PhTeI3 3378 342s 2113s 210s
317sh 318m 198m 198vs
3068 303m
PhToIBtmdto 2838 281s 176vs 171s
264m 2678 157msh 159vs
p-MeCH, TeX, 3368 4ls 220ms 219m
318sh 316w 204vs 199vs .
3048 303w j
p—H906H4T8X3tmdto 2768 27 3m 176s 1778 i
2628 259m 155vw 157ve |
p-M8006H4T013 3238 329s 213s 209m
301m 192ms
2958 298m
p—MeOCGH4Tex3tmdto 276m 27Tm 188vs 1858
167m
P“Et006H4TBx3 334s 330s 218s 2168
3268 327s 206vs
318s 194vs 192wm
2988 305m
p-Et006H4Tex3tmdto 273ve 276vs 182vs 178s
255vs 2558
p-PhOCGHdTex3 334s 3398 224m 2248
320s 315ms 2lls 204 vs
31ls 194s 190s
p—PhOCsﬂdTex3tmdto 278s 272vs 180vs 178msh
264s

Where tmdto = tetramethyldithio—-oxamide
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TABLE 2-8
e i 4
Mass spectrum of NNN N Tetraethyldithio-oxamide.
m/e Relative ébundanoe L onh
5 S ”
232 35 [(02H5)2-N—C—C-N—(02H5)2]
S 8
"o +
203 54 [(02H5)2-N¥C-C-N—C235]
177.6 metastable
_ S5
168 5 E(czns)z-n~&-c]
146 11 -
+
144 2 [(02H5)2-N4N—(02H5)2]
116 46 [(czn5)2-n—c.51+
+
115 4 [(0235)2-nan~02H5]
114 41 -
193 19 o
98 29 o
88 49 [s=Cc-c=s]"
86 14 -
T4 14 e
72 57 [(02H5)2-N]+
66.8 metastable
60 51 -
58 13 [(02}15)2]+
56 60 -
56 22 &
44 17 [cas]*
43 22 £
42 24 -,
32 g S
+
29 100 C,Hs
28 66 H2
27 46 -
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TABLE 2-9

TeBr_ tedto -~ Relative to

Mass spectra of 06H5Tex3tedto and BrC6H4 3

130p, 3501, Vsr.
06H5Tacl3tedto 0635T93r3tedto p—Br06H4TeBr3tedto

m/e R.A. (%) m/e R.A. (%) m/e R.A. (%)
412 1

312 2 312 2
283 15 282 6 311 1
281 15 280 5 234 5
279 9

232 65 232 64 232 60
218 29 205 7 204 7
203 ¥ (s 203 71 203 i
200 13 200 12 200 14
186 31 188 2
177.6 metastable 177.6 metastable 177.6 metastable
168 14 168 14 168 12
160 7 160 6 160 6
154 49 154 19

146 14 146 15 146 : b
139 10 139 9 139 10
129 43 129 31 129 40
128 11 128 9 128 12
116 59 116 17 116 62
114 82 114 64 114 80
113 73 113 60 113 73
110 37 110 31 110 30

senfiss
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CGHBTGCIBtedto 06H5T33r3tedto p—BrCGH4TeBr3tedto
m/e R.A. (%) m/e R.A. (%) m/e R.A. (%)
98 100 98 84 98 00
88 55 88 62 88 59
86 19 86 22 86 23
84 15 84 4 84 27
77 51 17 29 77 20
12 90 T2 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 17
42 35 42 36 42 39
36 45
32 13 32 10 32 11
29 76 29 80 29 87
28 98 28 69 28 73
| 45 27 47 27 48
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TABLE 2-10
Mass spectra of p—CH306H4’I‘ex3 tedto - Relative to 130’1‘9, 35Cl,. 79Br.

p—-CH 30 L 4'1'301 3tedto p—-CH 30 g 4'1‘9131- 3tedto

m/e R.A. (%) m/e R.A. (%)
438 1
343 1
312 312 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

177.6 metastable 177.6 metastable
168 12 168 12
160 3 167 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 57
114 78 114 63
113 72 113 51
98 100 98 79
92 40 92 13
91 100
88 31 88 54
86 1T 86 17
19 13
78 6
i 13 i § 13
72 50 72 79
70 17 70 14
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Table 210.....

p—CH306H4TeCI3tedto p—CH3C6H4TeBr3tedto
m/e R.A. (%) m/e R.A. (%)
66.8 metastable 66.8 metastable
60 33 60 52

56 88 56 79

51 13 51 13

44 14 44 14

42 40 42 38

41 13 41 29

36 59

35 8

32 45 32 6

29 68 29 70

28 86 28 68

27 45 27 43
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TABLE 2-11
Mass spectra of Aryltelluriumtrichloride tedto - Relative ~>CTe, S7C1.
p—06H5 00634'1‘001 3ted1:o p—C6H5 SCGH4TGCI3tedto
m/e R.A. (%) m/e R.A. (%)
232 28 232 24
203 30 203 25
199 12
177.6 metastable 177.6 metastable
168 12 168 13
146 T 146 8
129 33 129 37
128 T 128 L)
116 32 116 27
114 66 114 73
313 60 133 71
98 84 98 100
88 31 88 25
86 16 86 19
84 14 84 20
9 6 7 6
72 47 72 51
70 15 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
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TABLE 2=12

4

Mass spectra of NNN N Tetramethyldithio-oxamide.

m/a Relative ;bundance Lot
g9 A
176 22 [(CH3)2—N—C-0—N-(CH3)2]
S S
(TR +
161 39 [(CH3)2—N— ~C-N~-CH, ]
147.3 metastable
133 19 -
98 .
132 16 [(033)2-n-c—c]
112 T4 "
100 34 -
97 62 -
90 20 -
89 23 -
88 64 [(033)2-N-c-s]+ or [(OH3)2—N—N—(CH3)2]+
85 16 -
76 28 -
+
73 62 [(CH3)2—N-N—CH3]
72 20 s
58 19 -
+
56 72 [(053)2-N;c]
o
44 13 [(cH4),=N]
32 5 S
28 32 N,
15 100 cu,*t




TABLE 2-13

Mass spectra of Aryltelluriumtrihalide tmdto - Relative to

130Te, 35Cl, T9Br.

p-CH3006H4T0013tmdto p—CH3OC6H4ToBr3tmdto p—CH306H4T9013tmdto
m/e R.A. (%) m/e R.A. (%) n/e R.A. (%)
345 3 345 1
343 343 1
312 7
310 6
246 4 246 5
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 9 161 7
147.3 metastable 147.3 metastable 147.6 metastable
139 5 139 3
133 5 133 4 133 4
132 5 132 4 132 3
129 12 129 11 129 13
122 7 125 2 124 5
112 i f 112 8 112 13
107 3 107 2
100 5 100 8 100 5
98 9 97 8 97 16
88 100 88 100 88 100
80 3
17 5 77 4 17 3
73 10 73 23 03 11
56 8 56 22 56 17
44 15 44 45 44 41
36 25 36 16
32 3 32 6 32 7
28 15 28 kY 28 46
18 26 18 37
15 9 o) 39 15 24
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I.r. spectra of tedto and its telluriun complexes:
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2.4 DISCUSSION
2.4, Synthesis,

The pale yellow, yellow and yellow-orange chloro and

brono complexes were produced by the reaction of tellurium(IV)
7 Fa
halides and aryltellurium trihalides with il i tetraethyl-
)
dithio-oxamide or NNN N tetramethyldithio-oxanide are

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

to ligand ratio of 1:l and are of fornula Tex4tmﬂt0, ArToxﬁtmdto
I
and.ArTaxjkﬂio where tmdto = NN I tetranethyldithio=oxanide,
T
tedto = NNN N +tetraethyldlithio-oxamide, Ar = Ph, p-tolyl,

p=CH,0CgH,, D=CoH50C4H,, D~PhOCgil,, D~PhSCgl,, D-Brigll, and
X = Cl or Brs The violet and rusty red chloro and bronro
conplexes were produced by the reaction of telluriun(I¥)
halides with NN dimethyldithio-oxanide are listed in the

experimental part. These have a tellurium to ligand ratio of

1:1 and are of formula Te(Meznnz)x4 where X = (Cl or Br aad

-

MezDII2 = [N dimethyldithio-oxanide.

2.4.2 U.V. and visible spectra

Dilute solution (5 x 10 4 co:icentration) of tedto
complexes and tmdto conplexes in dimethylformamide solution
all show one strong absorption at 35.7 ki and 35.36 kK
respectively in contrast to those reported for diethyl-

dithlocarbonate complexes of tellurium(Il) and (I¥) i.c.

45
Te(dtc)2 and Te(dtc)4 ’  Which are nore complex in showing
three bands but the main band position is in the sane reglon

of the spectra,
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2.4,3 Conductivity Measurements.

3

The conductivity of 10 ° Molar solution of telluriun(I¥)
conplexes 1n dimethylformamide and nitromethane are shown ia
tables 2-1 and 2-3., Aryltelluriumtrihalides with tetranethyl-
dithio-oxamlide complexes had values of /N at 20°C
(26-48) cmg.ohm"l.mole-land telluriumtetrahalides and aryl-
telluriunmtrihalides with tetramec thyldithio-oxanide had values
of N at 20°C (27-122) cm2.ohm—1.mole"l. In dimethylfornanide
and nitromethane solutions the compounds are ionised. hilst
the /\ values are lower than normally encountered for 1:l
electrolysis in those solvents 46 but too high to be
assuned as non-electrolytes. These cationic spocics are
Presumably sinilar to telluronium cations (R3Te)+. The
species (ArTexz)+ will have one lone pair and three bond
Pairs, Two additional lone pairs from two sulplhur donor
atoms donated by one dithilo-oxamide ligand will na'e up a
total of one lone pair and five bond pairs. The basic
shape of this cation will then be y octahedral, and thus
a square pyranid shape for (ArLTeXz)+ fvhere L = Hﬂﬂif tetra-
'

methyldithio=-oxamide or NNN¥ N tetraethyldithio-oxanide) nay

be predicted,



2e4e4 Mass speectra

The mass spectra of telluriumtetrahalide, and
aryltelluriumtrihalide complexes are shown in tables 2-3 1o
2-13, Most complexes give identical lonic nass charge ratios
to tetraethyldithio-oxanlde and tetramethyldithio-oxanide,

In general the tetraethyldithio-oxamide and tetramethyl-
dlithio-oxamide ligands are decomposed nore easily than the
telluriumtetrahalide and aryltelluriumtriha'lde conplexes.
This suggests that the tellurium-sulphur bond is wealer

than tellurlium-chloride and tellurium-bronide bonds.

Fragmentation patterns of tetracthyldithio-oxanide,
tetramethyldithio-oxamide, the complexes, 06H5TeCljtedﬁo,

and CH3006H4TeClgtmdto are given here as exanmples.

McWhinnie and Thavornyutikara 7~ suggest that sonme

aryltelluriumtrihalides nust be dimers or trimers. There

were two main reasons for this sugjestion; the first was

that the lons 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 from the
dimer or the trimer molecules (not from the monomer molecule)
by breaking the tellurium-=halogen bonds and forming telluriun-

tellurium bonds,

2.4.5 Vibrational spectra

The infrared spectra of all complexes above 400 ca t

are discussed below,



An illustrated exanple of the fragmentation patiern

as shown by tetraethyldithio-oxanide (tedto).

+
(021-{5)2 - N = C=8 - 1l = C=8

(021{5)2 - =1 cﬁus)g - - ?zu .
144 e, - N - Q=
+ k& g
B02H5)2 - HIISH - 02H5] [(c?ni)2 < e ?:ﬁ
l l 160 o=
iz 3 %
“02H5)2H85 u] B0215)2 - ¥ = 0=t

The nass charge ratio ions observed fron the specira are

indicated by the figsures,



An 1llustrated exanple of the fragmentation pnattern

as shown by 06H5T9013todto

’ +
( O TeClztedto) ¢ €@ —m—meMHp TeCl -bG(LLO).l +20
" n N\

{ >-’I‘ecl )y * tedto

sJ
(\

v s SR

2

l

(LD

154

(e 11
There tedto = tetraethyldithio=oxanide

The mass charge ratio ions observed from the spectrun are

indicated by the figures,



An illustrated exanple of the fragmeantatlion patiern

as shown by tetramethyldithio-oxamide (tndto).

(CH.), = N = C=8 0H.), = N = C=8]
572 I + 6 —b 372 I + 2e
( 3 C

Cli - N = Q
( 3)2
176 1
/ - e

i
Tt

Bcug)z-rr- I - (cu3)d + ?:S r°”3)2 -1 - ?ﬁ
88 C=8 CH, =~ I = 0=5
o2
83 161
c=8 l
44
+ +
Bcu3)2 -0 =1 = CHJ FCHB)E -1 - Tﬁ1
1 73 J C=1
152
+ q o+
[(01{3)2 - - H] BGHBJQ -1 - ,:J

58 l 30

+
[(L,H;)g + 1,

50 28

The mass charge ratio lons observed from the spectra are

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

as shovn by p-CH3006H4T0013tndto

+
(°H3°@-Te013-mdto)n+ e — (ci;0 Q )Hrecljtudto) 420
/,,

(01130< @) }»’:ﬁoCl.j)n + tndto
+
(01130@'133-1‘@@00

(LI 0cIi; )
o¢ > <o Yoo,
(CIIBO”LO>T9)

Where tndto & tetranethyldithio=oxanide

The mass charge ratlo ions observed from the spectra are

indicated by the figures,
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2.,4,5,1 NNN N Tetraethyldithio-oxamide conplexes of

Tellurium(IV)

The most important bands in the infrared spectra above
400 cmm1 are listed in table 2-1, The l.r, spectrun of
Phenyltelluriumtrichloride, tetraethyldithio-oxanide and
Phenyltelluriumtrichloride complex, are showa in Fig. 2-3
Certain important differences between the spectra of
ligand and the complex may be noted. For cxaiple, the
bands at 1500 and 872 cm—l in the ligand which have bheen
assigned to V(CN)and ) (C8) are shifted to higher and
lower wavenumbers respectively oa complex formation., The
latter band is believed =y to be due predoninately to the
C = § stretching mode and co-~ordination through sulphur will
produce such an effect. The band at 1500 cn & is shifted
to 1550-1510 on~t and the band at 872 ShC e eiithed £o
863-800 em~! in the complexes. The band at 1500 ca_l 47
is thought to be due mainly to a C=Il stretching mode and
its shift to a higher frequency would be expected if
co-ordination 1s through the sulphur atoms of the thiocarbonyl
groups.,

s

2,4,5.2 NN N Tetramethyldithio-oxamide complexes of

Tellurium(IV)

The infrared bands which arise froam V(CH) ana Y(CS)
i1n the ligand and complexes are listed in table 2-3 Fig, 2-4
shows the i1.r. specctrum of Phenyltelluriuntribronide,
tetramethyldithio~oxamide and Phenyltel luriumtribronide

conplex, The 1.r. spectrum of tetranethyldithio-oxanide,
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telluriumtetrachloride complex and telluriumtetrabronlde

conplex have been reproduced in Fig. 2-5.

The band at 15283 cmﬂl assigned to V(Ci) is shifted to
a higher wavenumber and is split on complex formation, and
a band at 828 cm-l assigned to ) (C8) 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 cm-1 is shifted to 1582-1530 on
and the band at 828 cm-l is shifted to $21-810 cm-l. The
shifts in these two bands are of the sane order as in

tetraethyldithio-oxanide,

2.4,5.3 Dimethyldithio=oxamide complexes of tellurium(I¥V)

As discussed in page 35 the tellurium(IV) halide
Hﬁ' dimethyldithio-oxamlde conmplexes were prepared by
addition of telluriumtetrachloride, or tzlluriunmtetrabronide
dissolved in a mixture of acetic acid and nmncthanol to a
solution of NI dimethyldithio~oxanalde (chDH2) , also
dissolved in a mixture of acetic acid and acthanol, The
rust coloured telluriumtetrabromnide complex and the violet
coloured telluriumtetrachloride complex formed after stirring
for five minutes, The more inmportant bands in the infrared
spectra of the Hﬁ’ dimethyldithio-oxanide (MezDHz) and its

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

shown in Fig. 2-5,

The band at 1528 en™t assigned to J(CN) is shiited
to a higher frequency on complexation indicating a preater

double band character and likely co-ordination throuzh sulphur,
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Thioamide bands ITl and I¥ are assizned to ) (CS).
Thioanide band IV at 1020 cn . decreased to 1010 ¢ ' in
the Te(Me,DH,)Cl, and to 1005 en " in the Te (o, Dliy) Bz, .

The band at B6S8 on © in the ligand assigned to ) (¢8)

is shifted to a lower frequency (341-850 cm_lJ, in the
tellurium tetrachloride complex and tellurium tetrabronmide
conplex resvectively (as expected for sulphur co-ordination)
but is split to 872, 902 cﬁﬂl in the Te(ﬂezDH2)014and

Te(HeZD}{z)Br4 respectively, The splitting and slight

increase to Yy (CS) suggests that some Te-ll bonding nmay be
involved.
48 ]
Desseyn et, al. reporited the increase 1in intensity

of the band at 1160 em - Y (Cgl1) mode, as an indication that
in the conplexes of disubstituted dithio-oxanide tie netal-
nitroszen bond 1s stronger than the metal-sulphur bond, The
tellurium complexes show new bands at 1225-1236 cn  Rind a%
1160 cn~' but the band at 1160 cn | is not enhanced in

intensity, Thesec new bands may arise from vibrations of tin

ligands which are associated with tellurium-nitrogen bonding,

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

in the region 300~310 cm—l are tentatively assigaed to V(Te—Nj,
(also see fig, 2-10) -

New bands were noted in the complexes at 270 cm_l,

252=-200 el and 190 ecm~! which are clearly attributed to
) (Te-Cl), Y (Te=8) and Y (Te=Br) respectively, after

elinination of ligand bands,

The infrared and Raman spectra of all complexes at low

frequency (below 400 cm-l) are now discussed.
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2e4e5.,4 NI N Tetramecthyldithio-oxamide complexes of

Tellurium (I¥V).

The bands in the far infrared and Ranan spectira of
the tetramethyldithio-oxamide complexes are given in table 2-4
The i.r. spectra of tmdto and its tellurium (I¥) conploxes

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

tetrancthyldithio-oxanide complexes are shown in Flge. 2-12 and 2-13,

In addition to bands found in the tmdto ligand and
aryltelluriumtrihalides, new bands are noted in the comdlexes

at 283-255 en~t, 254-205 cm~* and 188-155 cn”l,

Since the complexes are derived from tellurium-tetra-
halldes or aryltelluriumtrihalides and tmdto, it is
convenient at this »oint to discuss the main features of

the structure and spectra of these compounds,

Recent studlies by Buss and Kreks using the X=ray
analysis of TeCl4, showmed the crystal consisted of tetrancric
units Te4cl16 l.e, a cubic like structure with short and long
Te=Cl bonds glving essentlally an array of 'feCl_ﬁ-+ units
(approx CSV) and C1l™ ions, The possibllity of ;euwe bondinz
was ruled out owing to the long Te-Te distance.s The infrared

50=53

and Ranan spectra of Tecl4 and TeBr, have been reported,

4
Hayward and Hendra revorted the covalent structures of
Tax4(02v) to be ) trigonal bipyramidal based. Ilowaver,

>3

Greenwood and co-workers after exanlining
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tellurium tetrahalide 1n the solid phase reported there was o
evidence to suggest that the ionie structures of Tex3+x'(c3v)
is ~y trigonal bipyranmidal based. They suggested o pyranidal

based structure from infra red data.s’

The i.r. spectra below 400 cm™tof tetrancthyldithio=
oxanlde is relatively simple (see table 2-4 ) and as expected
the spectra of complexes of the fornula Texdtmato are sinpler
than those of formula p-ArTeX3tmdto. Bands between 376-3%43 cn~4t
50

reported for TeCl4 are absent in the complex TcCl4tmdto,

but new stronger to medium i.,r. and Raman bands 2 _pcar
between 277=273 en~l, McWhinnie and Thavorayutikarn 23

have reported the infrared and Ranan spectra (see table 2-7)
of some aryltellurlumtrihalides and assizn the bands at
342-298 cn~T as being due to the Y (Te-Cl) torminal
stretching modes whilst those terminal broanines y (Te=-ux)
occur at 224-190 cm‘l. Further, they suggest that all
aryltelluriumtrihalides nay be regarded as complex structures,
such as dimers or trimers built up from donor acceptor
interactions of ArTeXa,'+ and X~ units, The strong bands

in the region 342-298 em~1 33 for aryltellurium trichloride
are absent in the corresponding tmdto conplexes., All the
complexes have strong to medium absorptions in the

283-235 cn™! region which may be assigned to Y (Te-gl)
vibratlions, whilst those at 188-155 cn™! to Y (Te-sr).
Thus,absorptions in the 254-205 et region are likely to

be associated with y (Te-8) vibrations., The Y (Te-Cl)

assignment at 287-262 cm'l is in agreement with those

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

4 | 5 =
chlorotellurates > and diaryltelluriumdihalides 3)
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The i.r. spectra of all the p-ArTeXEtmdto complexes have
one medium band in the reglon 339=315 en~l, a feature which is
absent from the spectra of the TeX4tmdto complexes and which
therefore could be a band arising from the p=-ArTe group.

A strong band at 312 en=l ig found for p-iodoanisole aitd the

band at 309 em~1 is p-fluoroiodobenzene is said to involve

C=I bending.56 The bands at 339-315 en~1 in the ArTeXBtmdto
complexes could therefore involve C-Te bendingzlp.
19
Wynne and Pearson have suggested that tellurium is

pentaco-ordinate in methyltrichloro (tetramethyl-thiourea)
tellurium (IV)., The adducts they describe have the sane
stoichiometry as the tmndto derivatives of tellurium (IV)
reported here and there are certain sinmilaritlies in the
spectra also, The high Te-Cl frequencies (said to Dbe duc to
cis T9012 groups) at 338 and 315 en~t in rtei[‘ecl3 are absent
in MeTeCl(tmtu) adduct, and a band appears at 251 en~1,

In the TeCl4tmdto and ArTeClstmdto complexes, the high 1'e=C1l

frequenclies are agaln absent and strong bands anpear at

283-255 em~1t i.e. close to the values found in He

56

2rreU12

(251 em~1) in Ph,TeCl, (287-262 en~1) and in

PhTeCl, tndto (283-264 em=1l), It is possible that in the

tmdto complexes as in methyltrichloro(tetranethylthlourca)-
telluriun (IL¥) the avsorptions between 283-255 cn™* are due

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

the dithlo-oxamide ligand exert a strong trans bond lengtheniag
effect than do the chlorine atoms, 8ix co-ordinate telluriun
with one long Te-=-Cl bond is therefore likely in the ArToCl3%mdto

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

is likely for TeCl4tmdto.
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Ccl S TeCl4tmdto
S
RC6H4TeOlztndto
or R06H4Te013tedto
where R = H, Br, CH3' CH3O, 02H50, rho

and PhS-

These structures with one or two long bonds are consistent
with the proposal that one or two C1~ ions are removed
from the co-ordination site in a suitable solvent. The
conductivities of the complexes in DIF has already been

discussed.

The far infrared data for the brono tmdto complexes

are similar to the chloro analogues, Tellurium-Bromine

Raman bands at 250-200 cm‘l as found for Telr , o1 or

215 c¢n~! found for P-Et006H4TeBr3 4 are abgent in the

tndto complexes but a new band ap pears at 192-1508 en~1t

55

> and nay be assigned

as found for (p-MeOCGH4)2TeBr
to 1} (TC‘“‘BI‘).
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244545 NHN N Tetraethyldithio-oxamlide complexes of

Tellurium (I7).

Tetraethyldithlo-oxamide complexes are similar to the

tetramet hyldithio-oxanide complexes and thelr analogues,

The far infrared and Raman bands for the tedto complexes
are given in table 2-2, The 1.,r, aad Ranan spectra of

complexes are shown in Fig.2«7 and 2-1) 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=8), Y (Te=Cl) and Y (Te=Br) may be
clecarly identified., Thus absorptions associated with

Y (Te-5) occur at 252-203 en~t in the complexes and bands
at 280-250 cn~t and 194-155 em~1 nay be assigned to )/ (Te-C1)
and )}(Te—Br) in agreement with those repvorted earlier by

A
MeWhinnle et. al.s"55

The bands at 145-133 cn~l in table 2.2 and 118-106 cn~+

are tentatively assigned to J (Te=8) or J(Te-Cl) ana
d (Te=Br) respectively., The values for d (Te=0l1)

are in agreenent with those reported by !Ecl‘fhin.liees5
The i.r. and Raman spectra of the tedto conmplexes
p-thiophenoxyphenyltelluriuntrichloride and tribronide do not
differ significantly from those of the other trilhialides and
there is no evidence to suggest that the sulphur atom of the

thiocether may take part in complex formation with the telluriun

atonm of another molecule.



CHAZPRER III

Heterocyelic ligands containing nitrogen
and sulphur and their reaction with

Tellurium (II) and (I¥) compounds,
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Jed INTRODUCTION

2,13

Foss and co-workers have linvestigated the complexes
of Tellurium (II) and Tellurium (I¥) 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 (I¥) is reduced and a complex of telluriun (IT)

is formned together with disulphide cation, The latter is

obtained by oxidation of the thioureca ;

Te*4 4 (n42) 8:0(iRy), + 2X~ ——Te 8=C(1R,), X, +

e o 5

[(R2N)2C—S-S-C(ZTR2) ,,"

where X = Cl, Br, F.
The complexes of tellurium (IT) and (I¥) with thioureaTﬁ?q
and their derivatives Te(I)n(x)m, are listed in table 1-1
Chapter 1, page 5,
13a, 13¢
Foss and co-workers 524 3%Jso isolated the thioureca-
Phenyl tellurerylchloride complex, which was forned

according to the following reaction

“+ +
CgiisTeCl, + 3tu — C H Te(tu)Cl 4 [sc(:rnz)g]2 & conr”
+ ¥
C 1_TeCl 44 se(nu_ ) oL
6llsTeCL; + u—-—-—»CGIIBTe(tu)zcl X [00(1.1[2)2J2 + 201

where tu = §=C(¥Hy),
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Thiourea and substituted thiourea conplexes all contain

'
the -I/R-C =5 group, where R = hydrogen, alkyl, or aryl,

If the =NH=- group in ethylenethiourca (A) is replaced
by S or CH2 a serles of hetoroecyclic coapou. o ar~ obtained.
For exanmple, when replaced by 8, thiasolidine-2-thione (8)
is formed, and with CH2, pyrrolidine-2-thione (C) is
obtalned. These compounds with niltrozen and sulphur atous
could be potential ligands for co=-ordination with telluri wn (IT)

or tellurium (IV).

H
/N-—*— CH2 /S CH2 CH2 —(I1H2
S=¢C ' S=¢C S=¢C ‘
H H H
(4) (B) (c)
Jelsl Thiazolidine-2-thione counlexes

Some previous studies have been reported on thiazolicvine=
2-thione complexes, The Preparation and characterisatio: of
some chronmium, molybdenum and tugsten coudlexes with
thiazolidine~2-thione have been reported by FFilippo and
co-worlkers « 2% These complexes have the Toraula
M(CO)5ttz, where I = Cr, Illo, Wyjand ttz = thiazolidine-2-thione.,
All the conpounds are diamaznetic and non-electrolytes in a
chloroform solution. They were prepared using a deoxygenated
toluene solution under nitrogen atmosphere using a netal
hexacarbonyl ana thiazolidine-2-thione in molar ratios fronm

11l to 1:4, After irradiation LY u.v, source (about two hourcg)
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the solutlion changed to a yellow colour ,The conmpounds 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 boaded to the

metal through the sulphur atonm,

Fregni and co-workers 2% studied Iron (II) and (III)
complexes of thiazolidine-2-thione and they reported
conplexes of the formula Fe(ttz)nx3 (where X = ¢1, n =2,4,6;
X =32, n =3,6) and Fe(ttz)nI2 (where n = 2,%,4,6). These

complexes were prepared fron FeXB.EH 0 (X =C1 or Br) and

2
FeIz.nﬂzo by reaction in molten ligand nedia (at LOj-llU"C).
The nitrogen atom of the ligand is the donor in the comnplexes

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 .
Cs Preti P,P, Singh and R. Rivest and B, Singh

and K, Thalkur ?Oa

Fllippo and Preti reported the Drepaxatlon of cobalt and
nickel complexes of fornmula M(ttz)zxz (where M = Co or i
and X = Cl, Br or I)., These complexes were obtained by
reacting metal halldes such as Coxz.nHQO and Iixg.rngu
(where X =Cl, Br or I) with an excess of molten thiazolidine-
2-thione (at a temperature of 105-110°C)., Cobalt complexes
Wwere obtained similarly from cobalt halides with thiazolidine-

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

ions are bonded through the sulphur aton,



- Ol =

Singh and Rivest reported a formula for cobalt complexes
of Co(ttz)zxz (where X = C1, Br or I) and Co(ttz)4(ClO4)2 .
The former COmPlexes,Co(ttz)2x2 (where X = Cl, Br or I)
were prepared by nixing the ligand and anhydrous cobalt
halides (molar ratio 132) in chloroform, then rofluring for
forty-eight hours, The perchlorate complex Co{ttz)4(0104)2
was similarly prepared by refluxing 00(0104)2.6H20 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)2012 and Ni(ttz),I,. The
DPreparation of these complexes were of the same nethod as

29

D. de Filippo et.al. They believe the metal 1ons

are bonded through the sulphur atoms.

The preparation of thiazolidine-2-thione complexes
of zine, cadmium and mercury were reported by D. de Filippo

62

61
and co=workers and G. Colombini and (. Preti .

Filippo and co-workers assign the fornula M(ttz)zx2
(where M = 2Zn, Cd, or Hg and X = Cl, Br or I) to thec complexes.
These conplexes were obtained by two methods, The netal
halide was dissolved in excess of molten lizand (at 10500)
using a molar ratio of 132, Alternatively,a solution of
metal halide in absolute ethanol wasg added to a solution of
thilazolidine-~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 Pretiég have prepared complexes of formula
M(ttz)Q(HCE)z (whexre M = Zn, or Cd and lICS = thiocyanate)
Zn(ttz)z(BF4J2.2H20, CD(ttz)2(3F4)2 and Hg(ttz),(BFy),

(vhere BFy = Fluoborate). The complex of zn(ttz)z(]Cﬂ)Q

was obtained by reaction of thlazolidine-2-thione and zinc
thlocyanate under reflux for two hours in chlorobenzene, but
the complex of Cd(ttz)z(ﬂcs)z was prepared by reacting the
cadmium thiocyanate with the ligand in refluxing ethanol fox
one hour., The complexes Zn(ttz),(BF,)s.211,0 and ca(ttn)o(DFg) o
were prepared by reaction of zinc or cadmium fluoborate with
the ligand in ethanol; but the complex of H;(ttz)4(3F4)2 0.5
obtained by dissolving merecury(Il) oxide in a cold solution of

fluoboric acid with thiazolidine-2=thione.

It ls noted that in both reports of the zinc, cadnium 2nd
mercury complexes, the metal ions are belicwved to be bonded

through nitrogen., The evidence is again s»ectroscodic,
a m 63 ] 2 4 3 s LY
Stephen and Towmshend investigated silver conplexes with
thiazolidine=2=thione, but these authors did not prescut any

spectroscopic evidence for the bonding.

Jele2 Pyrrolidine=2-thione and li=nethyl=pyrrolidinc=-

2=-thione complexes.,

The nickel and cobalt conmplexes of pyrrolidinc-2-thione
and N-nethyl-=pyrrolidine=2=-thione are the only ones which have
been renorted,

64

Madan and Sulich found that the complexes had fornula

MLQClz, where T, = TBuL or HNMTBulL and M = Co, Ii.
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Beled Tellurium (I¥) and its reaction with

thiazollidine-2-thione, pyrrolidinc-2-thione

and N=nethyl=pyrrolidine-2-thione.

The reaction of these three ligands wilh nrany netal
ions has already been summarised above ( p. 89 ). Iio
reports of reaction of these ligands with tellurium (IT)

or (II) has been reported.

In this chapter the preparation of some new complexes
of tellurium (II) and (I¥) with heterocyclic compounds are
reported. The reaction of thiazolidine-2-thione, pyrrolidine=
2-thione and l=-methyl-pyrrolidine-2-thione and some tellurium

compounds are also investigated.

3¢1¢341 Thiazolidine-2-thione conplexes of tellurium (II)

and tellurium (IV)

The complexes of thiazolidine-2-thione with tellurium (IX)
and (I¥) reported in this thesis were preparcd by several

methods =

1st method § A solution of tellurium tetrahalide in
dry methanol was added to a solution of thiamolidine-2-thione
in dry methanol., After stirring this solution at roon
temperature the precipitate formed innediately. The fornula
of these complexes was found to be Te(ttz)g}:4 (where X = €1,

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

2nd method § A tellurium tetrachloride complex was

Prepared from tellurium dioxide and thiazolidine-2-ithione
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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)2014.

3rd method § The complexes of aryltelluriumtrihalide
with thiazolidine=2-thione were prcpared by dissolving the
tellurium compound in the molten 1llgand (at 105-110 C).
After cooling at room temperature and adding dry methanol,
the complexes Were recrystallised,

(for the fornula of these complexes see xperimental section)

44h method § Te(ttz),Cl,.H,0 and Te(ttz)_Br
L % o i
complexes were prepared by dissolving tellurium dioxide
in a hydrochloric acid (or hydrobromic acid) aqueous media
and then adding to a solution of thiazolidine-2-thiocne in

(4]
water at 65 C. On cooling these solutions at room tenderature

the precipitates were formed,

The spectroscopic evidence indicates that in these
complexes of tellurium (IX) and (IV) with thiazolidine-2-
thione the tellurium could be co-ordinated Lo nitrogen and
sulphur donor atoms of the ligand (see Discussion page 175)

3¢le3+2 Pyrrolidine-2-thione complexes of tellurium (I¥)

The tellurium tetrahalide complexes with pyrrolidine-
2-thione were predared by dissolving tellurium tetrahalide
and pyrrolidine~2-thione separately in methanol and then

nixing these solutions together. The precipitate formed
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imnedlately. The formula was found to be Te(TBuL)2X4

(where X = Cl or Dr and TBulL = pyrrolidine-2-thione),

34le3.3 N-lethyl-pyrrolidine-2-thione conmple:es of

tellurium (IV).

Tellurium tetrahalide complexes of N-methyl-pyrrollidine-
2-thione were prepared using a sinailar method as with
pyrrolidine-2-thione. The formula was found to be
Tea(::nr.r]a.ux,)2x4L (where X =01 or Br and NMTBul, = N-methyl-

pyrrolidine-2-thione),
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362 EXPERIMENTAL

Bwice L Preparation of the Heterocyclic ligands.

Thiazolidine-2-thione (ttz) obtained fron

Mluka Laboratories was purified by double recrystallisation
e ; o .66
from hot distilled water. m.Pe 106-107 ¢ (1it. 106-107 ¢)
(Found ¢, %0.,01; H, 4,45; N, 11.39; cvn5nsg requires
ke J

C, 30425; H, 4.24; N, 11.76 %1}

5+241s) Preparation of pyrrolidine-2-thione,

Pyrrolidine-2=-thione was prepeared from 2-pyrvolidine
by addition of phosphorus pentasulphide. 0.5 7. (0,03 nol)
of the latter was suspended in 50 cn” of xylene in a
500 cn? three-necked flask equipped with a nechanical
stirrer, A dropning funnel containod 8.5 2. (0.1 nol)
of 2-pyrrolidine in 50 cm3 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 reactlion nixture became so viscous that
further stirring was impossible., The mi:rture was boiled
under reflux for two hours, The hot reaction nixture was
filtered off and the filtrate was allowed to cool at roon
tenperature overnight when pale yellow cxystals were
obtained which were recrystallised twice from nethanol.

L] o 6

[Found ¢, 47.67; H, 6,52, ¥, 13.97: c4n733 requires

Cy, 47.50; H, 6,98; 1, 13.85 %]

¢
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3.2:1.2 Preparation of l-methyl-pyrrolidine=2-thione.

20 g. of phosphorus pentasulphide was suspended in
40 cn’ of carbon disulphide in a 500 cm’ three necked flask
equipped with a mechanical stirrer with a segnent shaped
paddle, l-nethyl-2-pyrrolidine (18 g.) was added from a
dropping funnel in small portions with vigorous stirriaz,.
The reaction mixture warmed up considerably and after
addition of all the amlde the reaction mlxture became so
viscous that further stirring was inpossible. The yellow=brown
mlixture was boiled under reflux on a water bath for five hours,
The carbon disulphide was decanted and 80 cn3 of water was
added to the contents of the flask. The aqueous solutioi
wag extracted several times with chlorxoforn, and combined
extracts were dried over anhydrous sodiun suldhate, The
chloroform solution of ll-methyl=pyrrolidine-2-thione was
evaporated under vacuum to give dark brown liquid residue
which was distilled under reduced pressurc to give a yellow

liquid. 68

3424143 Preparation of tellurium tetraiodide.

2.3 6. (1 mol.) of telluric acid in 5 cm’ 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 tetralodide formed immediately. The rrey
Precipitate was filtered off., The crystals were washed
several times with pure carbontetrachloride to remove the

69

lodine, and then dried under vacuun.
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562e5 Preparatlion of thiazolidine-2-thione

conplexes

Thiazolidine-2-thione complexes were prepared by

four different methods with tellurium (II) and (IV).

3+2.3.1 Preparation of Te(ttz)2014 conplex

Two different methods were employed for the preparation

of Te(ttz)2014s
Method 1 From thiazolidine-2-thione in methanol with
tellurium tetrachloride,

Thiazolidine-2-thione 0.24 g. (2 nmmol.) in 5 cn° of
dry methanol was added to 0,270 g. (1 mnol,) of telluriun
tetrachloride in 5 cm3 of dry methanol., The yellow
Precipitate , which formed on stirring at room temperature,
was flltered off-and dried in a vacuun desiccator,

Yield 0.25 g. m,P. 152155°C dcconp.
[Found C, 14,86; H, 2.26; I, 5.51; Te, 25.29; TesS,Cc H. . N Cl,

requires C, 14.,19; H, 1,973 N, 5.51; Te, 25.15 %)

Method 2 From tellurium dioxide in aqueous acid with

thiazolidine~2-thione,

Tellurium dioxlide 1.6 g. (10 mmol.) dissolved in
3

4 cn” of concentrated hydrochloric acid was added at roon
temperature to 3.0g., of thiazolidine-2-thione in 10 cn?

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

dry diethylether, and finally dried in a vacuum desiccator,.
nep. 152-155 C.

[Found ¢, 14.07; H, 2.163 N, 5.74; Te, 25.35; 188,01, W,01,
requires C, 14,19; H, 1.97; N, 5.51; Te, 25.1.6 %]

%3.24342 Preparation of Te(ttz)zBr

conplex,

4

A solution of 0,24 g, (2 mmol,) thiazolidine-2-thionoc
3 Ml cm3 of dry methanol was added to a solution of 0.45 g
tellurium tetrabromlide in dry methanol., The orange precipltate,
which formed on stirring at room tenmperature, was filtered
off and dried in a vacuum desiccator, Yield 0,35 g.
MeDe 134—13860. deconp.

[Found ¢, 11,47; H, 1.70; U, 3,97; Te, 13.48; TeS (CeHy olloBTy

1072
requires €, 11,47; H, 1.47; ¥, 4.08; Te, 18.62 %]

3.2.3.,3 Preparation of Te(tt5)214

complex.,

To a solution of 0,640 g. of telluriun tetralodide in
200 cm? of dry methanol, 0,24 g. of thiazolidine-2-thionoe
in 10 en? of dry methanol was added. The solution was
changed from dark red to brown. After standing in a vacuun
deslccator for twenty-four hours, the volume of the solution
was reduced to about one third of its origiaal volunme, when
a brown crystalline product was obtained which was filtered
off, washed with dry methanol and dried under vacuun.
Yield 0.2 8. m.D. 162-166C deconp.
[Founa €, 11.513 H, 1.64; N, 4.,01; Te, 14.76; TeS,Celly N, I,

10,2
requires €, 11.16; H, 1.55; N, 4.32; Te, 14.61 ¢]
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3.2.3.,4 Preparation of Ta(ttz)401éH20 conplex.

Tellurium dioxide 0.8 g. (5 mmol.,) was dissolved in a
mixture of 10 cn’ concentrated hydrochloric acid and 10 cm3
of distilled water. After heating to 68°c, 3.6 g. (30 mmol,)
of thiazolidine-2-thione in 150 cm3 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 preclpitate was
filtered off, washed many times witii hot toluene in order
to remove the excess of thiazolidine-=2-thione and finally
dried under vacuum, Yield 1.0 g. m.p. 82-84ec 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, 18.22; TeS,C oc1,

8%12M 204
C, 20.80; H, 3.20; N, 8,08; Te, 18,43 ]

3¢2.345 Preparation of Te(ttzJ%Br conplex,

4

0s8 g+ (5 mmol,) of tellurium dioxide was dissolved in
a mixture of 10 cm3 concentrated hydrobromic acid and 10 c13
of distilled water. After heating to 60°C, 3.6 g. (30 mnol.)
of thiazolidine-2-thione in 150 cm” of distilled water was
added with rapid stirring. The liberated tellurium was
filtered off and on standing at room tenmperature , the complex
formed slowly as an orange=-yellow preclpitate. This precipitate

was filtered off, washed many times with hot toluene in

order to remove the excess ligand and finally driled under
vacuum, Yield 1.8 g. m.p. 172-174°C deconp.
[Found ¢, 13,265 H, 1.84; N, 5.09; Te, 16,20; TeS,C ol N, B,

9 1575
rerluires C, 13¢30, H, 1.88; N, 5.22' TB' 15.37 %]
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2e2.%3.5 Preparation of p=CH 006H4Te(ttz) 5 couplex,

The starting materials i.e. arytelluriumtrihalides

were obtained as described in Appendix II

p-lMethoxyphenyltelluriuntribroaide 0.474 g. (1 mmol,)
was dissolved in fused thiazolidine-2-thione 1.2 g, (10 mmol, )
at about 110°C, 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 formcd were filtorod off, washed
with hot toluene in order to remove the eoxcess of ligand,
and dried under vacuum. Yield 0,42 g. m.p. 1208-132 ¢ deeonp,
{Found €, 19,805 H, 2,81; W, 5.95; Te, 1%.38; TeS.C. U N ,OBr_

8 19727 4
requires C, 20,40; H, 2485; N, 5.90; Te, 17.42 ]

342437 Preparation of p-¢ “5006 Te(ttz)Cl_ conplex.
J 2

0s36 g+ (1 mmol,) of p-ethoxyphenyltelluriumtrichloride
was dissolved in fused thlazolidine-2-thione 1.2 ¢ (10 nmol.)
at about 11060. The solution of thiazolidine-2-thione changed
from pale yellow to dark red. The crudo produect formed on
cooling at room tenmperature. Dry methanol (5 cm%) was added
and the nmixture allowed to stand overnight. The yellow
crystals were filtered off, washed with Lot taluene in oxrder
to renove the excess of ligand, and then dried under vacuun,
Yield 0,20 g, m,p. 114-116"C deconp,
LFound ¢, 28.,93; H, 3423 W, 34313 Te, 26,54; TeS C Hubl

2 11 14
requires c, 284003 H, 3.00; N, 3,00; Te, 26,92 7
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3424348 Preparation of p-C H chH

Te(tt Cl. complex,
¢Hls e 2), o

4 3

p-Phenoxyphenyltelluriumtrichloride 0,41 g, (1 mnol.)
wae dissolved in fused thiazolidine-2-thlone 1.2 g. (lU anol.)
at about 110 C., The solution of thiagolidine-2-thione changed
from pale yellow to dark red. The crude product formed on
cooling at room temperature and then 5 en’ 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 g, MeDs 196-201 ¢ deco D,
[Founda ¢, 33.14; M, 3.005 N, 4.14; Te, 19.50; Te54claﬂlgtzucl%
requires C, 33.69; K, 2,99; N, 4.53; Te, 19.91 %1
3e2¢3¢9 Preparation of Te(ttz)2ar? comple:t,
Tellurium dioxide 0.8 g« (5 mmol,) was dissolved in
a mixture of 10 cm’ concentrated hydrobronmic acid and 10 cn”

of distilled water. After heating to 60 C, 1.2 g, (10 mnol.)
of thiazolidine-2-thione in 50 cn? of distilled waoter was

added with rapid stirring. The liberated tellurium was
filtered off and on standing at room tenperature the complex
formed slowly as an orange precipitate, which was filtered

off, washed several times with hot toluene in order to renmove
the excess of thiagolidine=2-thione and then dried under vacuunm,
Yield 1,2 g. nm.p. 146-148°c,

[Founa ¢, 13.67; H, 1.84; N, 5.18; TeS,C H_ I Br, requires

4610 2
C, 13,683 H, 1,91; N, 5.33 %]
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Ze203¢10 Preparatlon of p—UH3006H4Te(ttz)6013 complex.

p=Methoxyphenyltelluriumtrichloride 0.34 g. (1 mmol.)
was dissolved in fused thiazollidine~2-<thione 1.2 g. (10 mnol,)
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 ., 5 cm? of dry
methanol was added and the nixture was allowed to stand
overnight. The yellow crystals were flltered off, washed
with hot toluene in order to remove the excess of ligand
and then dried under vacuum, Yield 0,15 g.

[Found ¢, 8,373 H, 294303 N, 3,07; Te I 001,

S I
12%5%37"6
requires C, 7.94; Hp 29!383 :‘rn 3'32 5’]

3.2.4 Preparation of pyrrolidine-2-thione complexes.

= conplex,

3.244,1 Proparation of Te(TBuL)2014.% Cli_COCH
2 5

Pyrrolidine-2-thione (TBul) 0,202 g. (2 mmol.) in
5 em? of dry acetone was added to 0,27 g, (1 mmol,)
tellurium tetrachlorlide in 5 cm3 of dry acetone, The yellow
Preclpitate which formed on stirring immediately, at roon
temperature was filtered off and dried in a vacuum desiccator.
Yield 0,20 g« mep. 141-14700. This complex deconposed after
two to three days.
[Analysis of freshly prepared material found C, 23.00;
Hy 3.503 N, 6.25; TeS
Hy, 34423 N, 5.59 %1

1
208H14N2014.30H COGII3 requires C, 22.77;

3
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3¢244,2 Preparation of Te(TBuL)2Br4 complex,

0¢45 g« (1 mmol,) of tellurium tetrabromide in 5 cm3
of dry methanol was added to 0,202 g, (2 mmol,) in 5 cm?
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.P., 124-128°C deconp.
[Found C, 15.,40; H, 2,253 N, 4,%0; T63208H14H23r4 requires
C, 14,785 H, 2,173 N, 4,31 %]

%0245 Preparation of N-methyl-pyrrolidine-2-thione

complexes,
342.5:1 Preparation of Te(NMTBuL)2014 conplex,

0¢23 gs (2 mmol.,) of Nemethyl-pyrrolidine=2-thione (IHTBulL)
in 5 em? of dry methanol was added to 0.27 g, (1 mmol,) of
tellurium tetrachloridedn S cn? of dry methanol, The yellow
Preclpitate which formed on stirring immediately, at roon
temperature, was filtered off and dried under vacuum,
Yield 0,18 g. m.p. 170-174°C deconp.
(Found C, 24,80; H, 3.90; N, 5.50; TeS2C
C, 24,025 H, 3.63; N, 5.61 %]

1un18J2Cl4 requlres

5:2.5.,2 Preparation of Te(HMTBuL)23r4 complex.

Tellurium tetrabromide 0.45 g. (1 mmol.) in 5 cn? of
dry methanol was added to a solution of 0,23 g. ( 2 nmol, )

of Nenethyl-pyrrolidine-2-thione in 5 cm> of dry methanol.
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The yellow-orange precipitate which formed on stirring
immediately, at room temperature, was filtered off and

then dried under vacuum., Yield 0,20 g. m.p. 140-145°C decomp.
(Found ¢, 16.60; H, 2,703 N, 3,803 TeS C. H__N_DBr, requires

210 182y 4
C, 17723 B, 2,683 N, 4,13 %]

These complexes with Nemethyl-pyrrolidine-2-thione

decomposed after a few weeks,
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343 RESULTS

283.1 Preparation

Tellurium(II) and (IV) complexes with thiazolidine=2-
thione were prepared by four different procedures as
summarised in page 93 of the Introduction, (also shown in

Experimental Section),

Jede2 Conductivity Measurenments

The conductivity measurenents were obtained by preparing
103N of tellurium(IX) and (IV) thiazolidine-2-thione complexes
in dry Nﬁ’dimethylfOrmamide. The values of /A are shom in
table 3=-1,

Tue D UV, and Visible Spectra,

10“5M solutions of the complexes disgolved in
”
NN dimethylfornamide were prepared, The absorptions wore
recorded on a Perkin-Elmer 137 spectrophotoneter. A strong

absorption in ultra violet at 35,7 kK was noted for ocach

solution,

34304 Tellurium analysis,

The method of analysis for tellurium content is renorted

in Appendix II.
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2635 I.r. and Raman Spectra.

The 1.r. spectra of tellurium (I) and (I¥V)

thiazolidine-2-thione, pyrrolidine-2-thione and N-nmethyl-

-

pyrrolidine-2-thione conplexes over the range 4000-250 em

X

and 400-40 ¢n~ ~ are detailed below :-

3.3.5.1 Range 4000-250 em™1,

_“\
L% 5 |
-

These were recorded as KBr discs on a Yerkin-Llnerxr

i1.r. spectrophotometer.

Fig. 3-1. 1.r. spectra of thiagolidine-2-thione,
Te(ttz)4Cl?H20 and Te(ttz)zﬂrd.

i.r. spectra of thiazolidine-2-thioae,

F'J.J

e
s}

N
n

Te(ttzJQCl Te(ttz)23r and Te(ttz)qu.

4' i
Fig. 3-3 1l.xr. spectra of thiazolidine-2-thione,

»=Cll_OC 1l Tesr_ and p=CH_O7 H Te(tts),Br_.
s o e o e

1
Fig. 3-4 1i.r. spectra of thiazolidine-2-thlone,

-C_H_OC,H,TeCl. and p-C _H_OC H Te(ttz)Cl_.
P-C,H_0C H,TeCl  and p-C,l 0C I, Te(ttz)Cl,

3.5 1.r. spectra of thlazollidline-2-thione,

g
|

(5]
-

Flg. 3-6 1.r, spectra of pyrrolidine-2-thione, Te(Tﬁu“Jzul

4'
Fig. 3-7 1.r. spectra of li-methyl-pyrrolidine-2-thione,

and Te(TBuL)2Br

Te(NuTBuL) €1, and Te(NMTLUL) Br ..
& )50y S bo

4
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%3+43e5¢2 Range 400-40 en~t,

These were recorded as Nujol mulls between two polythene

sheets using a Fourler spectrophotometer S 720 (ReIeIoCa)e

FiGl

Fig.

Fig.

Fig.

Fico

Pl

3-10

S=11

5=12

l.r. spectra of thlazolidine-2-thione
Te(ttz)4012.H20 and Te(tts)BBr4.
i.rs spectra of thiagolidine=-2-thione,
Te(ttz)2014, Te(tts)zBr4 and To(ttz)214.
i.r. spectra of thiazolidine-2-thione
P*CH3006H4Te(ttz)4Br3, 9-02H5006H4Tc(utz)015
and p-06H5006H4Te(tt5)2013.
i.rs spectra of pyrrolidine-=2-Lhione

TR ~ mn 2 LT
Te(;BaL)2014 and Te(luuL)23l4.
1.r, spectra of N-nethyl=-pyrrolidine-2-thione

Te (VMTBuL) ,C1, and Te(NNTZUL),Br,.

The Raman spectra of fellurium(II) and (IV)

thiazolidine-2-thione, pyrrolidine-2-thione and li=nethyl=-

Pyrrolidine=2-thione complexes were recorded on a Cary Ol

o

spectrometer with an exciting laser line at 6325 A.

Table 3-~1 shows some infrared bands of tellurium(iI)

and tellurium(IV) complexes with thiazolidine-

2-thione e.g., ) (NIl), thianide 1 band,

y(cs) + X(NCS) and Y(C-8) (asym. and sym.)

Table 3-2 shows infrared and Raman spectra of tellurium(Il)

and tellurium(IV) complexes with thiszolidine-

2-thione below 400 en™<T,



Table

Table

Table

Tahble

adf)

345
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shows the infrared spectra of pyrrolidine-2-
thione(TBul) and its complexes with 'I‘eCl4 and
TeBr, at 400-2000 en™t, (the more important
bands),

shows the infrared and Raman spectra of
tellurium(I¥) complexes with pyrrolidine=2-
thione below 400 cm™t,

shows the infrared spectra of N-methyl-
Pyrrolidine~2-thione complexes with Te::l4 and

TeBr,, at 400-2000 cn™%, (the more inportant

4!
bands),
shows the infrared and Raman spectra of

N=mothyl=pyrrolidine-~2-thione conplexes of

tellurium tetrahalides below 310 en™+,

1
The complexes could not be recorded on the I n.mn.r.

as there was no sultable solvent for dissolvin-: then,
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TABLE 3-1,

Assignment of infrared bands.

V-8) | a
Compounds ) (F-E) [Thiamide 1 Lfc- 8)+4(NCS) Py, S
b
Thiazolidine-2-thione |3400s 1510vse 1290s 6908 650m
(tt2z)
Te(ttz)2014 3200m 1515vs 1305s 690w 660m| 52
1520)
Ta(ttz)23r4 3230m 1505) '@ 13058 690w 660m| 124
1330)
Ta(ttz)214 3230m 1517vs 1304) ® 690w 662m| 128
Te(ttz)4012.E20 3130m 1510vs 12958 685m 640m| 42
3220 1320)
Te(ttz)33r4 3160; m| 1510vs 1300) © 630m| 85
3230m 1322)
cn3oc634Ta(ttz) Bry | 3120msh 1518vs 1297) © 700w 645m| 108
1305)
02H5006H4Ta(ttz)013 3200m 1520vs 1294) ® 695w 660w| 29
063500634Te(ttz)2013 3220m 1515m 1307s 691m 635m| 49

8. onz.ohmnl.mole_l 10”3H solution at 20°C.

be Value in CHCY

3

s 31408 om

1

in KBr.
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TABLE 3=2

Infrared and Raman spectra of Tellurium(II)

and

(IV) Thiazolidine-2-

thione complexes below 400 cm %
Thiazolidine-2
tt it
Sbiogs(t48) Te(ttz)2014 Te ( 5)231-4 Te ( 2)214 it
- % Raman 1.7 Raman| i.r. Raman |i.r. Raman
DY oV AV by
318m 3198 | 316m  314m |325msh Y (Te-N)
292m 292w 306m 303m 298m ligand vibration
260ssh 253s Yy (Te-C1)
254w )
) ) (Te-8)
235ve 24l1s | 236msh 212msh )
1928 180ssh 185m 178m | ligand vibration
183vs )
) ) (Te-Br)
178vs 176msh )
155m 1528 )
) ) (Te-1)
139m 131s | )
134m 147w 3 d (Te-C1)
or
123m 128ssh 114w 109m | ) o (Te-S)
103msh )
)ligand vibration
85msh )
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Table 3-2 seee
Thiazolidine-2-
thione(tt2) Te(ttl)401 «H,0 Te(ttz)33r4
Assignment
1.7, Raman l.r. Raman i.r. Raman
av oy s
336vw 318s )
) Y (Te-N)
303s 300msh | 302m )
292m 292w ligand vibration
276w 276w y (Te-Cl)
252w 252w )
) Y (Te-S)
243w )
1928 180ssh ligand vibration
1658  161lmsh | )
) Y (Te-Br)
147meh 139wsh
140vs )& (Te-—Cl)
124m ;g (Te-s )
103msh ;
ligand vibration
85msh )
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Thiazolidine=2-
thione(tt2) p—CH30634Te(ttz)4Br4
Assignment
i.r. Raman i.r. Raman
py bY
»
316w 3178 Y (Te~N)
292m 292m 298m ligand vibration
237m y (Te-8)
192s 180ssh ligand vibration
1658 160wsh
) ) (Te-Br)
15lm  149wsh )
103msh g
ligand vibration
85msh )
Thiazolidine-2-
thione (tt2) P~CgH50CcH, Te (t£2)C1
Asgignment
i.r. Raman i.r. Raman
324m 329m ) «
) ¥ (Te-N)
310w )
292m 292m 303m ligand vibration
263m 255m ) (Te-Cl)
235vs 229w )
) Y (Te-S)
206msh )
192s 180ssh ligand vibration
S 0w g § (Te=C1) or
103msh )
) ligand vibration
85msh )

A strong band found at 312 om - for p-iodoanisole is said to be

involve C-I bending mode ocours in this rsgion.32
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Table 3-2-eeee

Thiazolidine-2-
Ehione(t1s) p-06]!5006H4Te(ttz)2013
Assignment
o B o Raman 1e2% Raman
AV by
312w Y (Te-N)"
292m 292m ligand vibration
286ssh  281m Yy (Te~C1)
230vs 223w )
) YV (Te-S)
203m 201w )
1928 180s8sh 183msh 175w ligand vibration
L42m ) Tron) or
133w Tl
103msh )
) ligand vibration
85msh )

* A strong band found at 312 cm © for p-iodoanisole is said to be

involve C~I bending mode occurs in this region .32
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TABLE 3-3

I.r. spectra of pyrrolidine-2-thione(TBuL) and ite complexes with

TeCl4 and ToBr4

at 400-2000 cm_l, the more important bands.

Pyrrolidine-2-thione Te (TBuL)201 4 Te (’I‘BuL)zBr4 Assignment
(TBuL)
4828 4708 465s Thiamide ¥
790vs 7308 7508 § (vH)
920w 960w 960m
975s
1038w 1025vs 1020w
1065w 1060vw 1060w
111 3vw 1095vs 1090s Y (cs)
1170w 1170vw 1185m
1221w 1220w 1215m
1295vs 1300vs 1305vs
13528 1351m
1373m
1421s 14108 1410s
1455m 1455m 14608
1473w 1470m
1540vs 1555vs 15758 V (cN)
1620ssh 1640w 1645s
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TABLE 3-4

Infrared and Raman spectra of tellurium(IV) pyrrolidine-2-thione

complexes below 400 cm

1

Pyrrolidine-2-thione

(TBul) Te(TBuL)2014 Te(TBuL)23r4
Assignment
i.r. Raman i.r. Raman i.r. Raman
B pY AV
3368 342w 3458 348m 3468 350m ligand vibration
292m 291w Y (Te~-C1)
220sbr 215w 230msh ) (Te=S)
186vs 185s8 y (Te-Br)
18Tm 179w ligand vibration
165msh d (Te~C1)
147vs J (Te~-Br)
141lmsh 130wsh 146m 145msh 1igand
vibration

102s

T St e N
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TABLE 3.5

I.r. spectra of N-methyl-pyrrolidine-2-thione complexes with TeCl

4
and TeBr,, at 400-2000 dm-l, the more important bands.
ﬁﬁiﬁ?ﬁﬂmﬁ idine=2= | no (NMTBuL ),C1, | Te(NMTBuL),Br,
Assignment
4958 490s 4868
6508 690w 690s
800s
1000sbr 1012m 1010w
1092vs 1092vs Y (cs)
1120s 1105vs 1102vs
1180m 1180vw
1250m 1220m 1220vw
1275m
13158 1312vs 1310vs
1400ssh 1408s 14008
1450vs 1445vs 1440m
1535vs 1575vs 1570vs ) (cN)
1620m 1680vw 1670w
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TABLE 3-6

The infrared and Raman spectra of N-methyl-pyrrolidine-—2-thione

complexes of tellurium tetrahalides below 310 cm .

1

Te (NMTBuL )201 4 Te (NH'I’BuL)zBr N
Assignment
i.r. Raman i.r. Raman
I AV
302s 303m ligand vibration
281msh Y (Te—C1)
256m )
)
246wsh ; Y (Te-5)
)
225vs  22lwsh )
185vs  180m ‘Q (Te-Br)
18Tmsh J (re-c1)
1308 131w 130m 132w ligand vibration




el DISCUSSION

el Preparation of thiazolidine-2-thione complexes

of tellurium(Ir) and tellurium(IV).

In the first preparative nethod of these telluriun(IV)
conplexes with thiazolidine=2=-thione, tellurium tetrahalide
was recacted with the ligand in methanol which gave general
complexes formula of Te(ttz), X, (whore X = €1, Br or I),

The second preparative method, the tellurium tetrachloride
conplex was prepared by separately dissolviang tellurium
dioxide and thiazolidine=2-thione in hydrochloric acid aand
then mixing the solutions together at room tempernture, The

formula of this complex was found to be Te(tts),Cl,.

The third preparative method used to obtain the aryl-
telluriumtrihalide conplexes, involved the disgolution of
aryltelluriumtrihalide in molten thiamolidine-2=thione at

110°¢c,

In the fourth nethod used foxr the preparation of the
telluriun(II) complex with thiaszolidine-2-thione; tellurium
dioxide in agqueous hydrochloric acid was roacted with the
ligand in distilled water at 65°C. This gave o complex

fornula of Ta(ttz)4012.H O, 1,04, oxidation of the lizand

2
occurs with reduction of tellurium(IV) to telluriun(II)

as follows =



" D *
TeO, + SHCL s[reciy ) + 2H + 20O
H
N ——CH
2= " 2 ~
TeCl 6 8= | iy AGLT
[ 6] 5 Ss—on,,
i H i _
N—CH CH =1 H—cn, |2
o 7 2
Te[g=0\\ I 2] el + 1| 2 )c—s-s-c\ |

The Te(ttz)sBr conplex was prepared by reaction of

A
telluriunm dlioxide in aqueous hydrobronlc acid with

S
thiazolidine-2-thione in distilled water at 60 C.
The reaction is shown below -

I 211 8
Te0, + 6I{Br——p{1‘e_ur6J x M+ 2H,0

H H

_H—CH [ H—ou, g
[TaBré]z" + 3 820 | 2 —Te |82 | Br -+ 2Br
S—-CH S—— CH ‘
2 23
3042 Vibrational analysis for thiazolidine-2-thione

complexes for Tellurium(II) and Tellurium(I¥).

Thiazolidine-2-thione contains a thicamide group (INCC)
. 4?:72‘73
and should ideally, zive four i.r. bands. These are
known as "Thioamide bands" and arise froam the [ollowing

vibrational modes g -

Band I at lSlOa#has contributions from S(UH) 4 J(C=II)+
y(c i)

Band II  at 1290 has contributions from Y (C=8) + d (.ic8)



Band III at 1000amhas contributions fron y (Ceeui) &
y (C228),

Band IV  at 690w has contributions from ) (c2=5)

3
2 reported that Yy (WH),

Fregnl and co-workers
thioamide 1 and ) (6=8) + d (NCS) give rise to bands at 3400,
1490 and 1288 en~t respectively in thiazolidine-2-thione
which are shifted to lower (=260 cm-l) to highexr (+40 cm“l)
and to higher (+21 em'l) wavenumbers respectively in the
iron(IT) and (ITI) complexes with thiazolidine-2-thionc.
Therefore, the iron in these complexes is co-ordinated throush
nitrogen. The far infrared spectra of the complexes shows

bands to be Dresent between 240-220 cm'l which nay be due

to )y (Fe-l) and the band for Y (Fe-8) was absent.

Zinc, cadmium and mercury complexes with thiagolidine-2-

61

thione were prepared by Filippo and co-workers and

they report that the nitrogen in tho ligzand was co=ordinated

with the metal atom. 1In the conplexes Zn(ttz)exa.
Cd(ttz)zxz and Hg(ttz)2K2 (where X = Cl, Br, or I), the

1

bands botween (180-178 cm™t), (176267 cn~l) aud (158-147 en™1)

Were assigned as being due to Y (Zn-I), Y (Cd-i) axd Y (Hg=2)

t

respectively.

62
Colombini and Preti also reported cadmium and zinc
conplexes, Zn(ttz)z(HCS)z, ca(ttz)a(ncsjz, Zn(ttz)2Ac2,
Ca(tt t BT . 0 ‘B
( z)2A02, Zn( tz)2( r4)2 H2 " cd(ttz)2(3-4)2 and
Hg(ttz)4(BF4)2 and they found the aitrogen atom of the
thiazolidine-2-thione to be the donor in the complexes.

The bands in the complexes due to niltrogen metal stretching
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modes are as follows -

M=K

Zn(ttz)z(NCSJz 192ns
Cd(ttz)z(I‘fCS)g 170ms
Zn(tt3)2A02 176s
Od(ttz)e.&cz 136s
Zn(ttz)Q(BF4)2.2H20 138ns
Cd(ttz)z(BF4)2 168n
Hg(ttz)z(BF4)2 147n
where NCS = thiocyanate, Ac = acetate,
BF4 = fluoroborate and
ttz = thiazolidine-2-thione,.

Filippo and co-workers reported the prevaration of

conplexes of chromium, mo
thiazolidine~2-thione of
Mo, or W).
to the metal through one

below in A and B

L H __cH
C ’
/ C/L \ 2
0 r 5% \S/OHz
A A\
00 /’\C/C
0
(A)

Silver forms complexes

according to Stephen and Townshend

lybdenun, and tungsten with

formula 1(CO)_ttz (where M = Cr,
5

They suggest that "the ligand should be bonded

of the sulphur atons", as shown

(8)

wlth thiazolidine-2-thione
63

and they believe
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that the silver ion is sulphur bonded.

Cobalt and nickel complexes with thiazolidine-2-thione

5
were roported by Filippo and Pretl ? B. Singh and

40b 60a

K. Thakur and P, Singh and R. Rlvest but

the data available for the complexes is confusing.
59 60b
Filippo and Preti and B. Siagh and K. Thakur

believe that cobalt and nickel louns in the complexes are

6 0a
sulphur bonded but P. Singh and R. Rivest believe
that cobalt ion is nltrogen bonded.
Filippo and Preti reported from thelr 1.r. spectra

that the bandsat 1500 cm—l and 1200-1000 cm"l in the
conmplexes do not change when compared with the free lizand
but the band at 700-600 cn™t due to y (C-5) is shifted to
lower frequencies by 40-50 em™l, Also they £ und new
bands in the region 337=3%20 cm'"l for the complexes due

to ) (Co-8), Therefore, they believe from these results

that the ligand is co-ordinated via the sulphur aton,

P, Singh and R. Rivest ¥ observed that there are
three positive shifts in the complexes when conpared with
the free ligand. The first concerns the thioamide 1 band;
the second involves ) (C=8) +d(NCS) and the third vibration
is VY (C=S). The new band found between 341-325 cn™* is
assigned to y (Co=K),(suggesting nitrogen bonding).

60b

B. Singh and XK. Thakur studied cobalt and niclel

complexes with the ligands contalining a thioamide group

(such as l-pheayltetrazoline-5-thione (PT5T), thiocarbdo-
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hydrazide (Hteaz) and thiazolidine-2-thione).

These ligands contain a thioecarbonyl (¢8) group and
an adjacent imino group as potential donors. They have
different co=-ordination possibilities i.e., through
sulphur only, through nitrogen only, oxr through both

sulphur and nitrogen.

They believe the metals in the complexes M(ttz)2X4
M(PTST)2 and 1',1(111;9.!9.5)2}{2 (where M = Co or Ni and X = Cl,
Br, or I) are sulphur bonded, nitrogen and sulphur boanded,

and nitrogen bonded respectively.

There 1s no coordination through the nitrogen atom in
the thiazolidine=2-thione complexes of group VIB carbonyls
5T
as 1s shown by Fillppo and co-workers but only the

sulphur atom of thioketonic group is involved in bonding

to the metal.,

Comparison of i,r, and Raman spectra of thiazolidine-2-
thione complexes with tellurium (IT) ani (I¥) and
thiozolidine ligand from tables 3-1& 3=2and figures 3-1/2/5/-
4/5/8/9/1.0 show the five nost important bands. These
bands are ) (NH), thioamide 1, Y (C=s) + J (ucs), V (Te=N),
Y (Te=S) and ) (Te=-X).

Thiazolidine-2-thione and Te(ttz)2x4 will first be

discussed.

Table 31 and Fig.3-2 show that Y (NlI), thioamide bandiand

Y (c=8) + J (NCS) have bands 3400, 1510 and 1290 em~t
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respectively in thiazolidine-2-thione which are shifted to
lower (=200 em™1), to slightly higher (+10 en™ k) ana to
higher (+40 cm"l) wavenumbers respectively in the complexes.
This therefore suggests that the tellurium in the complexes
is nitrogen bonded. Although evidence fron the shifts In

58
Y (c-8) is less convincing. Fregni and co-workers

60a 61

Singh and Rivest and Filippo and co-workers stated
that the slight shifts of the band due to VY (¢=8) + & (Cs)
is indicative of co=ordination through nitrogen, but Filippo
and co-workers sugzest that the positive shifts in the
conplexes are due to co-ordination throush the sulphur atom
of thioketonic group as mentioned before,

Table 3-2 and Fig.3-9 show new bands between (725-109 cn“l)
which are noted after elimination of ligand bands.
Absorptions between (254-212 cm'l) for the compleXes were
assigned to ) (Te-S) vibrations. These results agree with
Clark and co-workers 20'76'7Lhilst the ones at (260-25% cn"l)
are assigned to )Y (Te=-Cl), those at (L83-176 cmql) to ) (Te=-ir)

and those at (155-131 en~1l) to Y (Te-I).

Absorptions in the region (325-314 cm_l) are shown in nmost
of the complexes, and the absorption in this region can arise
from Te~C bending mode but in these conplexes the tel lurium
aryl linkage is absent, so the vibration observed could be

due to ) (Te-Il).

Therefore, the tellurium 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(ttzJ4cl?. H20 and Te(ttz}33r4

The more important bands VY (ilH), thioamide 1,
y (c=8) + & (wecs), Y (Te-N), Y (Te-8) and VY (T-X) bands are
shown in tables 3=1/2 and figures 3-1/8 for the complexes

and ligand,

The negative shift of ) (NH), the slight positive shift
of thioamide 1 and positive shift of VY (C=8) + & (NCS) in
the complexes as seem fron table 3-2 and fig, 3-8 are similar

to these of the Te(ttz),X, complexes.

The y (Te-N), V¥ (Te-Cl), VY (Te-S) and V (Te-Br) nodes have
bands in reglons (336-302 em™t), 276 cm~1, (252-243 em™1)
and (165-1%9 cm'l) respectively in the complexes (see table 3-2

and fig, 3-8,

Therefore the tellurium atom in these conplexes could be

co-ordinated with both nitrogen and sulphur donors.

%.4.2,2 Comparison of the spectra of thiazolidine-2-thione

and complex RTe(ttzLxxz.

nplex - 0C .1 : A 2
The compleres P cn3 C6H4(ttz)4Br3, o 02H5006H4(tt Yo3
and P-06H5006H4fe(ttz)2013 have ) (NH), thioamide 1 and

Yy (C=8) & J (NCS) bands are shown in table 3-1 and figures
5‘3/4/5.

3

These bands are shifted to lower and to higher wavenunbers

in the complexes and they are similar to the Te(ttz)2X4
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complexes,

The band in regions (329-310 cm‘l), (266-255 en~t

)y
(237-201 en L) and (165-149 cn™') may be assigned to

y (Te=1), y (Te-Cl), Y (Te-S) and Y (Te-Br) respectively.

Therefore it seems likely that nltrogen and sulphur
atons of thiazolidine=2-thione are donor atons in these

complexes (see table32and fig.3-10).

In the p-02H5006H4Te(ttz)lCI3

to see how nitrogen and sulphur donor atons fron one

complex it is difficuld

ligand are involved. This complex has a tellurium=aryl
linkage which could give rise to bands in the region

(229-310 cm-l) which are due to a Te=C bendins mode but
an absorption due to )y (Te=ll) is also likely but cannot

be proved.
Therefore, the tellurium atom in the complex 1ls probably
sulphur bonded and less likely but also possibly nitrogen

bonded.

3.4.3 Structures.

The sterochenistry of the tellurium(II) aton in compounds

such as TeB%zor Cis Te(tu)acl has been discussed and is

2
believed to involve structures which are either two oxr

four co-ordinated.
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In TeBr2 there are two bonds giving an angular shaped

TO0
nolecule (A) but in Cis Te(tu)2012 therc are four

bonds giving a square planar structure (B)e

Te (Hzrx)c S S:C(NH2)2
//////1%;\\\\\ \\\\\\?%////
Br Br 88 e
/93\
(A)
(B)

In the complex of Te(‘bmtu)ZCl2 there are four bonds %0
tellurium(IX). Three of these are nornal co-ordinate bonds
which may be termed "planar", with a fourth which is a very
long bond., This is called the "trans" effect and is cxerted

by one ligand in the complex, The structure of

Tx
C6H5Te(tu)cl also 1llustrates this effect

Cl

o<t

i

t"\-

N

3.00 A o
cl Te S C(nuz)z

N

_I//,

(the bond illustrated Te-Cl is almost absecnt)

49

Buss and Krebs shomed that the co=ordination

nunber of tellurium atoms in tellurium tetrachloride is six.



A

In the complex CH TeSC(NM92J2013, the tellurium(IV) atonm

319

1s five co=ordinated ' and this compound is said to have

a square pyramidal structure, as shown Dbelow g

H
CI3

cl
,//’
\\\\S=C(HM02)2

Cl‘\\\
Te
’,/’
Ccl

where S:C(NM92)2 is Tetramethylthiourea

Assuming thiazolidine-2-thione to be a nonodentate
limand in tellurlum conmplexes, the co-ordination nunber
of tellurium atom in Te(ttz)2K4 complexaes could bLe six,
This could arise from one sulphur donor and one nitrogen
donor (occupying cis or trans positions) and fo>ur halosen

atonms (in the four remaining positions), as follows i

X

Cis Te(ttz) X

trans Te(tts) X
54 rans Te(tt )2!4

where X = Cl, 8r or I and ¥ & S are derived

fron two ligands,
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One long Te=X bond may be lnvolved. Conductivity neasurcments

indicate a certain amount of lonisation.

It ig also possible that the tellurium aton in

Te(ttz)4012.H 0 eould be six=coordinated i.e., two chloxrine

2
atons (occubdying cis or trans positions), and four atons
such as two sulphur and two nitrosen (in the remainlag
positione) as illustrated below :

S S

Te Te

N c1 S-—————I__01
N

Cis Te(ttz), €1,

=

Cl cl
S N S N
Te
S N N S
Ccl c1l

Trans tta §
Te(ttz), C1,
where Il & S are derived from four nonosdentate Ligands,

Coordination number six or seven for the tellurium aton
could be envisaged for Te(ttz)3nr4. A high conductivity is
indicateds One bromine atom in the complex could be present

as Br® pgiviag coordination number of six,
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p=Phenoxyphenyltelluriuntrichloricde reacts with nolten
thiazolidine-2-thlione to give a complex formula of

- : o - atioa aunb of the
o) CGH5006H4re(tt“)2Cls. The co=ordination nunber

tellurium atom in this complex could be sir, Thiz eould

arisc as followms:

R N
Cl N cl R
541 & S Cl C1
cl S
t " t ' "
eis, trans,
-] B (el gk o (1T 08 I Pelttm]) QL
P H CeHt 4_0(tt %) Cl p=Cy, 5 R e ( )2 ;

= H [ I ¥ & O ¢ nors fro: t
vthere R 06“5006L4 and N ¢ arc donor 0 wo

monodentate lizands,

When P"C2}I50061{4T9013 was reacted with thlazolidine-2-
thione in the conplex of fornula p-02HSUCGH4Tc(tt:)Cl; was
formed, In this comple:x, tellurium conld have a coordination
number of flve and the structure of »-¢C ol Ou61ffc(ttz)01:
could thus be of a square pyramiial shane, i.c., the
analogous to the structure of totramethylthiourniig§ilurium-

trichloride

|

TR
Cl////‘e\\\“ttz

where {tm 1s thiazolidine-2-thionoe and R = Coiig

R

0
z
N\

cl cl
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The p=CH OCGHdTe(ttz)4Br3 conplex was Ddrepared by the

3

reaction of p-CH OCGH4TeBr3 with molten thiazoliline-2-thione,

)

In this complex tellurium could have coordination number of
eizhte A high conductivity wvalue of 100 cmg.ohn-l.wolo"l
was indicated for this compdound, One bro ine atom could be
present as Br~ ia the comdlex thus leavin; Seven donors fox

coordination sites. Posgsible structures may De represented

as follows 3

RTO(tt:)4Dr

p)

(where R = D=0l 0C 1, )

504404 Conductivity.

1072 folar solutlonsof telluriun(Ir) and (IV) conplexes with
thiazolidine=2-thione were dissolved in HI’ dimethyl=
formamide and then the conductivity measurenents were
obtained at 20°C using a Mullar conducitivity bridge

Type E 7566/3. The values obtained are shown in table 3=-1,

The complexes had values of conductivity of between
29-124 cm2.ohm‘1.mole'1 and these values could be expected

for l:l electrolytes in thls solvent.
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The complexes of Te(ttz)33r4 and p—CH3006H4Te(tt5)43r3

-1

- ok
gave high conductivity values of 35 and 100 cnz.ohm . mole

respnectively. There could be one bromine atom present as
Br~, and therefore co-ordination numbers of six or sevea for

tellurium atom are possible.

\ 4 1 e g ¥ 5
The conductivity valucs of D 02HSOCDH4Te(t 7)013,

Te(ttz)4012.H 0, p-06H5006H4Te(ttz)2Cl3 and Te(ttz)2014

2
are 29, 42, 49 and 52 cmz..olnn'lnrtole"l respectively,

‘The conductivity values of these complexes counld arlse
from interaction between cationic and anionic snhceiess Thus,

Te(ttz) X ttz J.0, Te(ttz)s nd

the Te(tt )2 A Te ( )4012 2o Pe( )pnr4 a

and RTe(ttz)vX3 complexes nmay be more convealrntly written
iz +

10, [Te(ttn)Bﬂr%]Dr"

G w8 K
as [Te(ttz)2K3 ]X+, [Te(ttz)401 JCl-

and [RTe(ttz)xXQ] X~ respectively.

3.4.5 UeVe and Visible Specectra.

The complexes (10"5 molar) were dlssolved in dry
HHI dimethylformanide and the u.v. and visible spectra
of these solutions recorded oan a Perkin-Elnmer 137
spectrophotoneter, ALl showed a strong slnjle absorption
at 35,7 kX. St.Nikolov and co—workers45 repoxted that
the V. and visible spectra of some tellurium complexes of
diethyldithiocarbonate i.e., To(dtc)2 and Te(dtc)4 have
strong bands at 32.4 and 36.2 kK. The two lizands have

similar arrangements of carbon, sulphur and nitrogen.
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r :
) CP.Q CK
Et ] S
/ C./”
N c H M
. A\ N

X4 5

atc. % VAN
Belkab The reaction of other aryltelluriumtrihalides

with thiagzolidine-2-thionc.

The organotellurium compounds of CGH TeClq, 06H TeBr%,

5 5
= = P ! g i
ho) CH306H TeCl, g D= CH3 6H4TeBr P 02H50061419Br and
Psoc 4¢eﬁr3 all react with thiazolidine-2-thione.

Most of then give yellow preciplitates when the nolten
nethod 216 was used, but when they were reacted with
thiazolidine=2=thione in dry methanol, sticky yellow
comnounds formed which could not be recrystallised.

The 1i.r. spectra of these yellow compounds over the range
4000-250 cn~t wore exanined and showed a negative shift

of ¥y (NH), a slight posiﬁive shift of thioamide bond 1 and a
positive shift of Yy (¢=8) # & (lIcS). The conplexes also

18

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 .

3¢4.7 The reaction of thiazolidine=-2-thions with

thiourea.

The reaction of molten thiazolidine-=2-thione with

Te(’cu)zcl2 (where tu = thioureca) was also investigated,
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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 telluriun(I7).

The conplexes of tellurium(IV,) with pyrrolidine=2-thione
(TBul) were prepared by direct addition of tellurium
tetrahalides with the ligand in dry methanol or acetone,

The precipitate formed inmediately.

The Te(TBuL)2014 conplex decomposes after two Lo three
dayss It is noted that the colour changes from yellow to
brown and finally to black. Presumably elemental telluriunm

is precipitated, The Te(TBuL)23r4 conplex is stable however.

Conductivity measurements were obtained on 10™7M
solutions the complexes in dry I'N dimethylfornanide at 2000
using a lullard conductivity bridge Type E T566/3. The

values of /\ were zero for these compounds.

U.V. and visible spectra of the compleres were recorded
on a Perkin-Elmer 137 spectrophotometer, aftcr preparing noxe
dilute solutions., Both solutions gave a strons absorption
in U.,V. at 36.7 kK, which agrees with the data found for
other tellurium sulphur bonded complexes by 8%, Nikolov and
45

co=workers: and other complexes reported in Chapter II

of this thesis.
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Comparisons of infrared and Raman spectra of
Pyrrolidine-2-thione complexes with tellurium(I¥) with those
of the pyrrolidine-2-thione ligand (tables 3-3/4 and
fig. 3=-6/11 ) have shown that Y (cN), Y (¢S), thioanide T bands
were shifted to higher and lower wavenunbers. Also new

bands are obtained between 292-147 en~t,

Table 3-3 and figure 36 show ) (CS) and Y(CN) have bands

lllﬁcm-% 15400m4

respectively in pyrrolidine-2-thione,
which are shifted to lower frequency, vis;- 1095 emn~t in
Te(TBuL),C1l, complex and 1090 cn~l in Te(TDuL),Br, complex
and to higher 1555 om™t in Te(TBuL),Cl, and 1575 cn " in
Te(TBuL)23r4 wavenumnber respcctivelé. 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 cn—+ and the
band at 1421 cn~! in the ligand is altered to 1410 cn~2t

in the complexes, The band J(Ni) in the ligand at 790 cn~1
is lowered by 60 en~! in 7o (’I‘BuL)‘?ClJr or 40 en~t! in the

Te(TBuL)zBr4 complex,

New bands between 292-147 cn™* (shown in table 3-4 and
fig. 3-11) are noted after elimination of ligand bands. The
bands due to ) (Te-CL), Y (Te-S) and Y (Te=Br) are clearly
visible at 292 cm'l, (230-215) en~t and 186 en™t respectively
in infrared and Raman spectra., The lizand has a strong
absorption at 335 cm~l and that is the reglon where the
Y (Te=li) stretching mode would appear, but there is no

clear evidence of )) (Te-N) bonding in the complexes.



Conductivity data sugsests a non-ionic species. The

tellurium aton in Te(TBuLJ214 conplexes could be six

co=ordinated with two sulphur donors occupying cls or

trans positions, and the four halogen atons using the

remaining four sites. Possible structures are indicated

belovw -

Te (TBU.TJ)2X4

whore X - C1,

To(TBuL )Xy

or Br and two sulphur atons cone fxon

two pyrrolidine=2-thione (7Thul,) lizonds.

30449 DNellethyl-pyrrolidine=-2-thione conplexes of tellurnin(l)

The tellurium(IV) complexes of H-nethyl-nyrroliline=2-

thione were prepared by adding a solution of the lizand to a

solution of tellurium tetrahalide in nethanol, The precipitate

mas formed imnedlately, These conpounds deconposcd after a fow

weckss Analyses and spectra trere carricd out as soon as

possible,

The conductivity measurements were obtained by preparing

/

10°31 of the conplexes in dry NN dimethylformamide at 20°C

The values of A obtained were smero,
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A dilute solution (lO-SM) of the complexxes was used
to record the U,V, and visible spectra and a strong
absorption in the U,V, at 36,2 kK was found. 8t, Nikolov
and co-workers g found that tellurium-sulphur bonded
conmplexes had a similar range of absorption in U,V,
Sinilar bands were obtained for the diethyldithiocarbamate

conplexes of tellurium(II) and (I¥V).

Conparison of i,r. and Raman spectra of N=-nethyl=-
pyrrolidine=2-thione complexes of tellurium(IV) with that
of N-methyl-pyrrolidine-2-thione ligand (tables 3-5/0)
shows that ¥ (CI) and ¥ (CS8) are shifted to higher and to
lower wavenumbers respectively. Also new bands appear

between 231-185 em‘l-

The band (sce table 3-5) at 1120 cn™F assigned to ) (¢3)

in the ligand is shifted to lower frequencies by 15-28 cw'l

in the complexes and also the band at 1535 cw"l assigned to
Yy(CH) in the ligand is shifted to higher frequency 1570 en~
in the complexes, In the N-methyl-pyrrolidine-2-thionc
complexes the bands at 1352 and 1640 cn™% could not bo

found but they were present in the spectra of the pyrrolidine-

2-thione conplexes,

In table 3-6 the infrared and Ranan shcctra of -methyl-
Pyrrolidine-2-thione complexes are shown, The bands due %o
Y (Te-Cl), y (Te-S) and ) (Te-Br) are 281, (256-246) cn™* and
(185-180) en~t respectively. A band at 302 en~* could be
attributed to ) (Te-if) or ligand vibration, It scems more
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-thlone conple:ies
15 thus 1likely to be similar to that of the pyrrolidine-2-

thione complexes,

Cis, ‘rans,

e (NL'Y Bul UL MO
(1 Juj)gx4 ie(dllLuh)2X4

where X = C1 or 58Br and two sulphur atons fron two

li-nethyl-pyrrolidino-2-thione (ItiThuL) ligands



CHALZTITER Iv

Investigation of the reactions of
nethyl-3-mercaptopropionate, and
1, 3 di(2-pyridyl)-2-thiourea

with tellurium(I¥) compounds,
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4e¢l INTRODUCTION

It has been pointed out in the introduction of Chapter I,
II and I that tellurium compounds are often stabilised by

sulphur donor ligands.

The preparation of a large nunber of compounds containing
Te=S bhonds have been publiched. These compounds were varied in
their nature and consist of thiourea, substituted thiourea,
disubstituted dithlio=-oxamldes, tecirasubstituted dithio-oxanldes,
heterocyclic compounds, such as thiagolidine-2-thione,
pPyrrolidine=2-thione or H=methyl-=2=-pyrrolidine-~thione. Clarlk

and Colle‘bt24

reported the preparation and vibrational snectira
of some compounds of tellurium(Il) such as tellurobis=(3-
mercaptopropionic acid), tellurobis=(2-nmercaptopropionic acid).

In the latter reaction, the thiocacld reacts with Lthe tellurite

ion, as follows ;=
TeOs°~ 4 4u* 4+ 2HSRCO,H Te* 4 3H i SSROO,
3 e 2 —_—le “+ .JJLE'-J + J;OECRuJuRCJEJI

but the reactions involved in the formation of the complex

are, =
2HESRCOpH — 2(SRCO,I)™ & 21*

2+ —
Te " 4 2(3300211) —— Te(SRCO0I) 5
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4,1,1 Preparation of starting nmaterials.

Diaryltelluriundihalides have been reduced to diaryltellurldes

by a variety of reagents using various procodures as follows:

Diphenyltelluride was the first member of the diaryl-
80
tellurides and Kraff and Lyons prepared this compound in
1394 by the reaction of elenmentary telluriun with diphenyl-

mercury. The reactlon was as followsi=-

2Te + °6H5”8°6“5 ——h-?UéHsTecéﬂs + HpTe

81

Ledexrer prepared ditolyltelluride by the reaction of
agueous Na.I--ISO5 or Ha2803 with 2 solution of ditolyltelluriun-
dichloride dissolved in hot water or 10 per cent. agueous

sodiun hydroxide.-

(CH.C/H,)sTeCLl, % 2,50z + 2HaOH—» 21aX + HA0 + NanS0, +
J o 4 2 2 2 2 Ve o ¥

C'.L-D- 061141'006114{«];3

82

Rohrbaech used nmetalliec zine to reduce dlaryltellurium=-
dihalides to diaryltellurides. In this method bis(p-methoxy-
phenyl)telluriundichloride or bis(p-ethoxyphenyl)telluriun
dichloride was refluxed with zZinc dust ian bensene and the

di(p-nethoxyphenyl)telluride or di(p-cthoxyphenyl)telluride

were isolated respectively as crystalline solids.

Morgan and Kellet 35 obtained a 37 per cent., yield of the
p-anlsylderivative from the diaryltellurium dichloride using
Rohrbaech's method, but Burstall and Suyden33 reduced sone
conpounds with zinec in glacial acetic acld to give a

yield of 90 per cont, diaryltelluride.
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84,85

[forxgan and Burgess obtained diaryltelluride fronm the
reduction of diaryltel Luriumdihalide with potassim
netabisulphide in agueous acetone. Also !leWhinnie and
Patel reduced the bis(p=-methoxyphenyl)tel .uriun
dichloride or bis(p-ethoxyphenyl)telluriunm dichloride
to dlaryltelluride. They added a saturated agueous sodiun-
netabisulphide to a solution of diaryltelluriumdichloride
in benzene and the mixture was stirred foxr four hours,

The oxrganic layer was separated and washed with distilled
water., The benzene was renoved by distillation under

vacuum and the diaryltelluride was obtained.

[Molten H325.9H20 gt 95 to 100° ¢ redunces diaryltel lurium
dihalides (such as bis(p=methoxyphenyl)telluriumdiehloride)
to diaryltellurides and the molar ratio of hailde to
sulphide 1s kent at 1l:15 Bomee The reduction is described

by the following equation ;-

1 A o . ey 1 A
(0.13006H4)2Te012 + a5 ———ycnaocénrecé..40[,,.1,

+ 2faCl + S

Dinheayltelluriumdibronide was reduced to diphenyl-

telluride by lithium aluminium hydride in dioxane at roon

89

temperature The reduction equation is as below ;-

2 I i
(C6 s)zTeDrz + L1A1H4—+C6}{5Te06}[ + LiBr +

5

1 e
A B‘.C'3 H2
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Petragnanl and Canmnposg 79 obtained di(p-anicryl) ox
di(p-phenatyl)telluride by the reaction of bis(p-anlisyl)
or bis(p-phenatyl)tellurium ditelluride being refluxed for
four and a half hours in toluene with di(p-anisyl) ox
di(p-phenetyl) tellurium dibronide respectively, They found
that diarylditelluride did not decompose in bolling xnyleano
(bep. 137 to 140°C). The ditelluride was heated without
solvent at 2SO°C and the formation of tellurium and diaryl-
telluride commenced at this temperature, but at or above

300.0 a good yield of dlaryltelluride was obtained.

Diphenyltelluride has been prepared by reducing triphenyl=-

86
telluronium lodide with Nasi accordiny to the equation; -
¥ l o) m " ! i
(06L5)3Te1 + NaSH —— (CGHS)zle ¥ 06”6 ¥ HaT w9
Diarylditelluride was vreduced by different nethods,

Aryltelluriumtrihalides were reduced by ifa,S.91,0,

K28205 or hydrogen sulphide to give dliarylditelluride.

The reaction of Grignard reagents and telluriundihalides

gave ditelluride by-pdroducts.

The reduction of aryltelluriumtrihalides with potassium
metabisulphite was used for the preparation of diaryltelluride.
Thlis nmethod was employed by Morgan and co-workers 55, 40

A -

Farrar A Drew 58

a

and Reichel and Kirschbaun
This preparative method is commonly used for the synthesis of
ditellurides. p=Hethoxyphenyltelluriuntrichloride and p-ethoxy-

bhenyltelluriuntrichloride have been reduced by aqueous potassiun



- 156 =

metabisulphite in ice water to give a quantitative yleld of
di(p-methoxyphenyl)ditelluride and di(p~-cthoxyphenyl)~-

ditelluride,

Also aryltelluriumtrichlorides (such as p-anisyltellurium-
trichloride or p-phenetyltelluriumtrichloride) may be reduced by
molten sodium sulphide in a hydrate form (Na25.9H20) at 95

-100°C for fifteen minutes, 86, 37, 91

In the reaction between tellurium dihalides and Grignard
reagents, small amnounts of ditelluride are detected, as by-

products, 92,81

Aryltelluriumtrichlorides are reduced to ditellurides by
20

hydrazine in an ethanollic medium according to Dergnan 27
Diaryltelluride is obtained by reducing diaryltelluriun-

dichloride in aqucous ethanol by adding a solutlion of hydrazine

27

dissolved in ethanol and then refluxing,

The reaction of some other potential Lirands (e.g.
methyl-3-mnercaptoproplonate or 1,3 di(2-pyridyl)=2-thiourea)
with a number of tellurium(IV) compounds (such as, di(p-methoxy-
Phenyl )telluriumdichloride, di{p-ethoxyphenyl)telluriun-
dichloride, p-methoxyphenyltelluriumtrichloride, p-cthoxy-
Phenyltelluriuntrihalide, tellurium tetrachloride and teliurium
tetrabronide) was also investigated under a variety of

conditions in the course of the worl: for thig 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
telluriun compounds used appeared to be strong oxidising
agents,s0 the llgand was oxidised, givings a correspondlng
reduction of tellurium(I¥) to tellurium(IZ), as reported for

other sulphur containing ligands (i.e. thiourea),

Different products mwere obtained fron the reaction of

some tellurium(IV) compounds with 1,3 di(2-pyridyl)-2-thiourea.

The reduction products (i.e, [p—CH%OCbK4)2Te,
(p-CH3006H4)2Te2, (l-02H5OC6H4)2Ta, and (9—52HSOCGH4)2TC2)
of the reactions were described and identified fron their

L]
meliing points, infrared spectra, and H nmr spectra.

These tellurium compounds varicd in their oxidising
capaclities, ©Some oxidised the ligand easily givin: a
Precipitation of elemental tellurium. Others zave an ill-defined

yellow precipitates, indicating that some rcaction had occurred.
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42 EXPERIMEINTAL

~

4,2, Preparation of organotellurium compounds.

All organotellurium compounds (such as, p-nethoxyphenyl-
tellurium trichloride, p-ethoxyphenyltellurium trichloride,
bis(p=-methoxyphenyl)telluriundichloride and bis(p- ethoxy-
Phenyl)telluriumdichloride) were prepared by addition of
tellurium Yetrachloride to anisole or phenetole in chloroform

or carbon tetrachloride. (Appendix I page 252 )

$.2.2 Preparation of 1,3 di(2-pyridyl)-2-thioureca.

18.6 g« of 2-amino-pyridine was disgolved in 30 cn3
of ethanol and then 30 en’ of carbondisulphide and 2 g. of
botassium hydroxide was added, The nixture was refluxed for
fifty-two hours and 100 cm’ of water was acded whilst the
nixture was hot. The solution was cooled in an ice bath and
a 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 gz.
mepe 160-161°C  (1it., 161-162°c) 7°
CFound G, 57.303 H, 4.27; N, 235.67; CipHq 48 requires
C, 574363 H, 4.373 N, 24.33 %]
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4,2.% Reaction of methyl-3-mercaptoproplonate with

some tellurium(I¥) conpounds.

Methyl-3-mercaptopropionate was obtained from Aldrich

Chemiecal Co. Inc.

4,2,3.1 Di(p-moethoxyphenyl)telluriumdichloride.

0.48 g+ (4 mmol,) of methyl-3-mercadtopropionate was
added to 0,414 z. (L mmol.) of di(p=-methoxryphenyl)telluriun-
dichloride in a 25 cm3 flask fitted with a drxrying tube, The
diaryltelluriumdichloride was dissolved by the nercapto
compound at room temverature. The reaction gave a strong
evolution of hydrochloric acid gas and a light yeliow solution
was obtained. n-Butanol (5 cm3) was added to this solution,
which was then cooled to 0 ¢ and mhite plate crystals were
glven, The crystals were filtered off and dried. Yield 0,30 g.
mep. 52-53°C (1it. 53-54°c) °7
(Found C, 49.52; H, 4.25; Te, 37.14 014H1402T0 requires

cC, 4?;90; H, 4:133 Tes 37435 %)

4424342 Di(p=othoxyphenyl)telluriunmdichloride.

Methyl-3-mercaptopropionate (0.48 g, 1+ 4 nmol,) was added
to di(p-ethoxyphenyl)telluriumdichloride (0.442 g, : 1 nmol,)
in a 25 en? flask fitted with a drylng tube, The organo-
tellurium conpound was dissolved by thiocaliphatiec compound
room temperature. The reaction gave a strong evolution of
hydrochloric acid gas and a yellow solution was obtalnod.

n-Butanol (5 cn?) was added to this solution, which was cooled
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to 0°¢c and white needle crystals mere found. The crystals
were filtered off and dried, Yield 0,32 g« msD. 64'0
(11t, 64°¢c) 82

J . : 3 0‘1' 2 Te i
[Founda €, 52.21; H, 4.92; Te, 34.46; ClGHIBOQ e Trequires
C, 51.95; H, 4,91; Te, 34.52 %1

4,2,3,3 p=Methoxyphenyltelluriumtrichloride.

To 0,682 g, (2 mmol.) of p-methoxyphenyltelluriunmtrichloride,

0.72 g. (6 mmol,) of methyl-3-mercaptopropionate was added at
room temperature., The nixture gave a stron, evolution of
hydrochloriec acid and a brown precipitate was obtalned, This
precipitate was recrystallised in Detroleunm ether (30-407) under

vacuum to give di(p-methoxyphenyl)ditelluride., Yield 0.25 £
meD. 59°C (1it. 60°¢)
{Found ¢, 35.52; H, 3.,12; QEP1402T92 requires €, 35.30;
H, 3,01 %1

4,2,.3.,4 p-BEthoxyphenyltelluriuntrichlorida.

-

0.72 go (6 mmol,) of methyl-3-mercantopropionate waos
added to 0.71 g. (2 nmmol,) of p-ethoxyphenyltelluriumtrichloride.
A strong evolution of hydrochloric gas was given off by the
reaction and an orange precinitate was obtained., This
Precipitate was recrystalliscd in petroleum ether GO-IOOCC)
by vacuun to obtain ai(p-ethoxyphenyl)ditelluride. Yield Os 27 8o
m.p, 108°C (14t, 109°C) 80

P o 633 i 38,61
(Founa ¢, 38.73; H, 3.68; 016H1802Tea requires C, 38,61;
Hy, 3.65 %
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4,2,4 Reaction of 1,3% di{2-pyridyl)-2-thiourca

with some tellurium(I¥) compounds.

4,2.4,1 p=llethoxyphenyltelluriumtrichloride.

A solution of 1.38 g. (6 mnol.) 1,3 di(2-pyridyl)-2-
thiourea in 5 cm3 of dry methanol was added to a solution
of 0,682 g. (2 mmol,) p-methoxyphenyltelluriumtrichloride
3

in 5 em” of dry methanol, A brown precipitate was obtained

at room temperature and filtered off. This bdrecipitate was

recrystallised by petroleun ether (30-407C) which gave a browm
. ° & © 8‘5

needle crystal., Yield 0.24 g. mn.p. 53-59 ¢ (1it. 60 C)

{Found €, 35.655 Hy 3,154 01431402T92 requires C, 35.80;

H, 3,01 %)

4,2,4,2 p=nthoxyphenyltelluriumtrichloride.

1.38 g, (6 nmol.) of 1,3 di(2~pyridyl)-2-thiourca in
3

5 en” of dry methanol was added to 0,71 3. (2 mmol,) of
P-ethoxyphenyltelluriuntrichloride in 5 cm3 of dry methanol,
An orange preciplitate was obtained at room temperature and
filtered off., Petroleunm ether (80-100°C) was used to

recrystalise this precipitate and orange needle ecrystals

were obtained, Yield 0,25 g+ m.D. 108°¢ (1it. 109°¢) 86

20 A Z . ; T ires O :
[Found ¢, 38.82; H, 3.72; Ci4llg0pTe, requires €, 3 61
Hy 3465 %)
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4,2.4.3 Tellurium tetrachloride.

=
Tellurium tetrachloride 0.27 g. (1 nnol,) in 5 cm” of

dry methanol was added at room temperature to 0,92 . (4 nmol.)

£

;i
of 1,3 di(2-pyridyl)=2-thiourea in 5 ecn- of dry methanol,

A black preciplitate was obtained immediately.

For identification purposes the black precipitate was
filtered off and dissolved in concentrated nltric acid,
After heating to dryness, the residue obtained was dissolved
in hydrochlorie aclid and finally diluted with distilled
water. This solution was then run throush the Atonic
Absorption Spectrometer, which found a high percentage of

tellurium bpresent,

4,2,4,4 Tellurium tetrabronide.

092 ¢ (4 mnol,) of 1,3 di(2-pyridyl)-2-thioureca in
3

5 e¢m” of dry methanol was added at room tenderature to

0,447 g+ (1 mmol,) of tellurium tetrabromide in 5 ca’ of
dry methanol, A black precipitate was obtlained immediately,

which was identified by the same procedure as in tellurium

tetrachloride recaction deseribed,

4,2,4,5 Telluriunm dioxide.

A solution of 0,92 g (4 mnol,) of 1,3 di(2-pyridyl)-2-
thiourea in a mixture of 3 0m3 of concentrated hydrochloric
acld and 53 cn’ of distilled water, was added to a solution

of Yellurium dioxide 0,32 g+ (2 mnol,) also dissolved in
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a mixture of 3 cm3 of concentrated hydrochloric acid and

3 cm3 of distilled water. A yellow precipitate formed
imnediately 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., diaryltelluride or
diarylditelluride were formedby the reaction of diaryltellurlium
dichlorides or arylitelluriuntrihalides with methyl-J-mercapto-
propionate or 1,3 di(2-pyridyl)-2-thiourca. The nelting
points of the reduction products; di(p-methoxyphenyl)telluride,
di(p-methoxyphenyl)ditelluride, di(p-ethoxyphenyl)tellurlde
and di(p-ethoxyphenyl)ditelluride; agreed with literature

82,86 :
values. 29889 Also, the i.r. spectra agreed with published

35,55, 94

spectra.

The nroton nmr spectra of some tellurium compounds have
| =
been published214'21) The spectra of the reduction »Hroducts

are shown in figures 4-1 to 4-T7,

Methyl-3-mercaptopropionate and 1,3 di(2-pyridyl)-2-
thiourea were reacted with some tellurium (IV) compounds.,
When reacting methyl-3-mercaptopropionate with diaryl-
telluriunmdichloride or aryltelluriumtrichloride, telluriun(IV)
was found to be reduced to tellurium(II) and diaryltelluride

or dlarylditelluride was obtalned 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 acld

gas.,

The yleld of diaryltelluride was 87% and diarylditelluride
53%.
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The reaction of 1,3 di(2-pyridyl)=2-thiourea with aryl-
telluriuntrichloride or tellurium tetrahalide produced diaryl-
ditelluride and elenental tellurium respectively., Telluriun(IV)
was reduced to telluriun(Il) or free telluriua (Te’). The

yield of diarylditelluride was 50¢,

On comparing the method used (i.e. the reaction of nethyl-

3=-mercaptopropionate with diaryltelluriundichloride) for the

preparation of diaryltelluride with those of Rohrbaoch's®?

llorgan and co-workersss'd4’85

86-88

method ;1 the reaction was carried out at room temperature,

and the molten Ha25.9H20
no solvent was used, and less time was taken.

On comparing the method used (i.e. the recction of nethyl-
J=nercaptoproplonate with aryltelluriumtrichloride) for the
Dbreparation of diarylditelluride with those of !lorgan and

38 e 56
? , Reichel and Kirschbaun's” ,

co-worker395'4o, Farar's”e, Drew's

31 91,

86 ) 5
Reichel's ", Peiragnani's and Vicentinli and co workers'
the reaction was carried out at roonm tenmperature and again less

time was required,

In the reaction of di(p-methoxyphenyl)telluriundichloride
or di(p=ethoxyphenyl)telluriumdichloride with nethyl=3-
mercaptopropionate, tellurium(IV) was again reduneced to
telluriun(Il) and di(p-methoxyphenyl)telluride or Ai(p-cthony-
Phenyl)telluride was formed. The reactlion for the equation

may be represented as follows =
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0
ro-{ O 16 Cl, + 2HSCH,CH,C*=0CH, —» 2HCL +
5 2 =Sl 3
IE 40 1 ol /’o' 11
R0@Te —@-on + CH,C"~0CH, Cll,SSCH,CH ,¢™ =001

- .
Where R CH3 or CZL)

Di(p-methoxyphenyl)ditelluride or di(p-ethoxyphenyl)di-
telluride was obtained by the reaction of p~methoxyphenyl-
telluriumtrichloride or p-ethoxyphenyltelluriumitrichloride
with nethyl-3-mercaptopropionate and telluriun(IV) was also

reduced to tellurium(IT). The reaction may be represented by

the equation e

20
Zfw@Te'—m’rzl3 * 6}{301-120}{20'—00!13———-—) 6HCL +
i G 20 0
RO Te = 0 1,0°=00H S 107
-<<:::::>“ Te —<:::::::>— R+ 301507 =001, Cil, S5Cl, CH,C OCH

Where R = CH3 or 02H5

Therefore, methyl-3-mercaptopropionate reduced tellurium{IV)
to tellurium(II) and then becane oxidised to formanidiniun

disulphide.
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When using a 1,3 di(2-pyridyl)-2-thiourea model the

following configurations were obtained :-

S ST, .'S: i
1 c// A cf:
7 \ 1 N-H
H N—H

(¢) (p)

Di(p-methoxyphenyl)ditelluride or di(p-ethoxyphenyl)-
ditelluride was obtained from the reaction of p-methoxyphenyl-
telluriumtrichloride or p-ethoxyphenyltelluriumtrichloride
with 1,3 di(2-pyridyl)-2-thiourea; and telluriun(I¥) was
subsequently reduced to tellurium(II). The reaction equation

is as follows ;=
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7

/

v Ny~ R

5 H i |
Where R = CH30r 02H5

v

Free tellurium was obtalned by reaction of telluriunm

tetrachloride or tellurium tetrabronide according to equation:=-

4] H H o

Where X = Cl or Br
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Diaryltellurides [di(p=methoxyphenyl)telluride and
di (p=cthoxyphenyl)telluride] and diarylditellurides
{di(p-methoxyphenyl)ditelluride and di(p-ethoxyphenyl)=
ditelluride) were also characterised by theirlH nnr and i.x.

spectra.

Some low frequency bands of diaryltelluriumdichloride and
diaryltelluride have been reported by lleWhinnie and Patel 2%
The range assigned in their paper for Y (Te-Cl) in
di(p-methoxyphenyl)telluriumdichloride and di(p-ethoxyphenyl)-
telluriumdichloride were 271-247 cn™t and 274-263 en~t

respectively,

On exanination of di(p-methoxyphenyl)telluride and
di(p=ethoxyphenyl)telluride (the products of diaryltelliuride)
on the i.r. spectrophotometer, the bands at 271-247 an" ~Lana
274-26% en~L due to Y (Te=Cl) in di(p-methoxyphenyl)tellurium-
dichloride and di(p-ethoxyphenyl)telluriumdichloride

respectively were absent in diaryltelluride.

— -
- .

53,

McWhinnie and Thavornyutikarn reported +the i.r. and
Raman spectra of some aryltelluriumtrihalides and diaryldi-
tellurides. The bands at 323-295 cn™ ' and 334-298 cn™t are
due to )(Te-=Cl) in p=-methoxyphenyltelluriuntrichloride and
p=ethoxyphenyltelluriumtrichloride respectively., The bands
at 184-156 cm™t and 186 cn~l 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-nmethoxyphenyl)di-
telluride and di(p-ethoxyphenyl)ditelluride Oy vibrational

1 were shown

analysis, new bands at 184-156 en~t and 186 cm”
respoctivelys These bands agree with the results obtain~d

by leWhinnle and Thavornyu-bika.rn33'94 and are due to ﬂ(Te-Te).

l -~
The H nmr spectra were measured at 100 MHZ and ©0 IHZ for

the CDCl3 or 0014 solution with a Varian R10 instrument

(tetramethyl silane (TMS) internal standard).

]
The II nmr sDectra of methyl-3-mercaptopropionate was

measured at 60 NHZ far the CCly solution, and thig 1is shown in

figure 4-1, This spectra shows a triplet foxr the HS groud

at 8.2’£, a quartet for the Cﬁz group at T.35U T and a

sinzlet for the CH3 group at 6.37T

Figures 4-2/7/4 show the proton amr spectra of
di(p-methoxyphenyl)telluride, di(p-methoxyphenyl)ditelluride
and di(p-nethoxyphenyl)telluriundichloride in 0014 or CDCl3.
The proton nmr spectra of these conmpounds show the centre of
resonance for the singlet from the methyl group, the doublet

for two orthoprotons, and the doublet for two neta-protons

as indicated by the following i=-
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Compounds AT B.T L.T
di(p-methoxyphenyl )telluride 6.22 3435 2435
di (p=-methoxyphenyl)ditelluride 6,27 3¢35 2445
di(p-methox yphenyl)telluriun- 6.70 4,06 2425
dichloride

Where A = sinzlet of the methyl group
B - doublet of the orthoprotons

C = doublet for two metaprotons

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 auartet from the methylene (ratio 1:;232;1), the doublet
for the two protons at the ortho positions (relative to the
ethoxy group ratio 1:1) and the donblet for the two meta

Protons (ratio 11l) are as follows ;=

Compounds AT B.t CetT D.C
di(p-ethoxyphenyl)telluride 8.45 5895 %25 2435
di(p-ethoxyphenyl)ditelluride B9 5¢99 %25 2435
di(p=ethoxyphenyl)tel lurium=- 8.73 6.58 4,12 5,30
dichloride

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 sDdectra
all indicate that the products from the reaction of
methyl-3-mercaptopropionate with diaryltelluriumdichloride
or aryltelluriumtrichloride were diaryltelluride or diaryl-
ditelluride respectively and from the reaction of 1,7 di(2-
pyridyl)=2=thiourea with aryltelluriuntrichloride was
diarylditelluride.
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5.1 INTRODUCTION

S5slal Chenistry of Seleniun

Seleniun belongs to groups VIB of the Periodic Table
and 1g located between sulphur and tellurium. Selenium has
the clectron configuration 132 232 2p6 352 396 3££)452 4p4
and the outer electron shell is 452 494. It has six electrons
in the valenecy shell, and only needs two more to fornm the
noble pgas octet structure. Also accordingly it is hardly
surprising that its chenistry shows a narked non-netallic
chenmistry., Chemically selenium is similar to sulphur and
also to some extent tellurlum and exhibits both metallic and
Predominatly non-netallic characteristics,

Selenium may be found in several allotropic forms95
(ring=-chain equilibrium, amorphous seleniunm (« =-selenium),
and crystalline selenium), and has a ring-chain equilibriun
similar to that of sulphur. All of these are stable at roon
temperature. Selenium caa also forn on 2 molecular level,

Se, Sez, 394, Se6, Sea and Sen aggregat039§ Only Se8 and :en
bolymeric chains are known to exist at roon temperatureg7

At high temperatures the eQuilibrium shifts towaris chains of
up to 10,000 selenium atoms, and it is possible to exiract

898 rings with carbon disulphide from these large Jolymerie
chains, Briee;leb98 has shown that at 12030, 557 soluble
seleniun (Seg rings) was extracted, whilst at 650°C only 14

was extracted, proving that at higher tenmperature less seleniun

is obtained.



- 181 =~

Amorphous selenium's (eo{=selenium) behavior 1s very
similar to that of organic glasses, Selenium is a free-flowing
liquid at above 230'0. Eisenberg % shows amorphous seleniun
rings change to a hard brittle glass below 31° ¢, llowever,
above 31°C and below 230°C, selenium had a vitreous forn,

and above 230°C a liguid form.

Colloidal selenium (a particulate form of amorphous sclen-
ium) can be prepared by reducing cold aqueous solution of
selenious acld with hydrazine, sulphur dioxide, hydrogen
selenide etecs Colloidal hexagonal seleniun crystalsloo

were found after heating the colloidal amorphous seleniunm

above 60°C.

Crystalline sclenium has three forms X -monoclinic,
@ =monoclinic and hexagonal (trigonal). The® -nonoeclinic and
R -monoclinic forms of selenium are red and dark red respect-
ively, and are composed of Se8 rings. The hexagonal form
consists of helical Sen chains, and are referred to as

P-selenium or grey selenium.

the structure of Seg rings
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long helical chains of selenium

atoms in Sen

Primary oxidation states of selenium are -2, 0, + 2, + 4,

and « 6 as shown below 3=

Oxidation Example; Structure;
State:
6 SeF Regular Octahedron (Oy)
+4 89014 Distorted tetrahdron due to

inert pair effect probably
produeing trigonal bi-

Pyranid.

+2 Se(s 020H3)2 Few sinple

bivalent seleniunm

-2 HySe Expect linear shape

(bond angle 91°)

The chemistry of organoselenium compounds has been reviewecd

24348,95,11
in several text books ' Tﬂe gost important conpounds are

discussed here and in Chapter VI,



Organoselenium compounds generally contaln selenium in
the oxidation state 2 or 4 and the main types are
selenols (RSeH:H), selenocyanates (RSel Cli), selenides (RSell R),
diselenides (RSeSeR), and organoselenium-halides (organoselen-
ium mono-halides (RSeI[X), organoselenium dihalides (RQSen’xz)

and organoselenium trihalides (RSeD’

13). There are also large
numbers of selenium analogues of compounds such as aldehydes,

ketones, and carboxylic aclds,
Dalee Selenols,

Aliphatic selenols which are known by the nane of
selenomercaptans are selenium analogs of alcohols and thiols,
Siemenlel reported the first synthesis of a selenol in
1847 by distilling a mixture of potassium selenide and
potassium ethyl sulphate to give ethaneselenol. 1Vohler and
Dean102 Prepared methaneselenol by reacting dimethylsulphate

and potassium selenide as shown in theequation below, =

(cn3)20$03 + 2I{I{Se-————-—-—>-ZCII3SeH + K580,

Selenols may also be prepared by the use of a Grignard
reagent but this method is more satisfactory for the productionof
aromatic selenols than that of aliphatic selenols. Kraff and

103
Lyons prepared the first aromatic selenols (benmeneselenol

104
and phenylselenol) in 1894. Mailhe and Murat 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 -
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MgCl + Se —> <:>'~‘ethl r—r SeH
HI

105 Xoow.
Tabourg and Wuyts & Cosyns disecovered the

reaction of elemental selenlum with aromatic Grignard reagents,

as in the following equation -

(Hl

Also aliphatic selenols can be prepared from alkyl

0 108 109
halides , Selenocyanates , Selenopseudournca

110
and by the reduction of diselenide , a8 shown in the

equations -

RX + HSe™ ——— RSeH + X~

cH N
CH,SeCN N\ CH,SeH
H,0 o 0
800
N
A LiAll,
RSe-C-1ly —=—>RSeSeR ——> 2RSell
2Na t*
(RSe-)2 —— 5 2RSeNa —— 2RSeH
Lig. NHy

Aromatic selenols can also be prepared from aryllithiunm
16 i
compounds by reduction of diselenides i and seleno-

cyanates as follows -
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Et20 H20
ArLi + Se —>» ArSel,l ———— ArSeH + LiOI

( (1) Na
C,H.Se=) > 2CzH.SeH
G e C,H s OH 675
(2) tr*
Zn
ArSeCN - > ArSeH
(x]
Dela3 Arylselenocyanates
Ba.uerll2 in 1913 reported the first method for the

pPreparation of phenylselenocyanate and substituted phenyl-
selenocyanate by using a Sandmeyer type reaction in which

selenocyanate ion is added to a diazolised arylamine;-

+ SeCN™
NH, + HNO, —» o )i, —> O )SeCN 4
N

2

Selenocyanates provide a convenient starting material

from which trihalide may be obtained,

5¢1l44 Diarylselenide

Diarylselenides may be prepared by the reaction of

aromatic ethers with selenium oxychloride in anhydrous ether,

113
forming first the diarylselenium dichlorlde % which may

then be reduced by powdered zinc to give the corresponding

selenide ;-
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-H,0
230@ + Seoclg——-——»é ‘@fuecl e

Zn

R0 @ <_J>OR

S 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 e sugsested

that selenols are possibly the initial products of the

hydrolysis, =

2ArSeCll =+ 1120 - 2ArSeH + 2UCNO

to]

2ArSelf —mM——» (ArSe-)2 4 H20

Another likely mechanism for the preparation of diselenide
by alkaline hydrolysis of Sselenocyanate is one in which a
selenenlc acid is the intermediate product, as shown in the

115

scheme below ;=
RSeCHN + H20 ~———— >y RSeOH -+ HQY

RSeOH + RSeCN — —» (HSe--)2 + HCNO
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5.1.6 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 disclenide using

116-120
chloroform as a solvent as indicated below ;-

——> 2RSelr

(RSe-)2 + Br,

When organoselenium trihalides are heated or reduced under

121-125
pressure, scleneyl halides and halogen were found

RSeX3 ~—— RSeX + X?

Seleneyl halide was obtained when treatiig aromatic

26
selenocyanates with bromine in dry chloxoforn, 126

ArSeCN + Brz-u———ayArSeBr + BrCH

B adlal Diarylselenium dihalides

Organoselenlum dihalides as mentioned previously
may be prepared by reacting selenium oxychloride with an
aronatic compound in diethylether at room temperature for

o i
five days . 3,127,128

anhydrous g
2 RO O #* 890012 . RO O ‘ge O OR
ether N Ccl
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S5¢lsB 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 CéHSSeH * 2Br2 FRCSORIoTam 206H5SeBr 4+ 2HBr
CGHBSeSeC6H5 + Brz—————+-206H5SeBr

GéHSSeCN -+ Br2 e e CGHsseBr + BrON

C6HSSeBr + Br2 :C6H5Se3r3
132
Nelson et al found that sclenium tetrachloride
reacts with ethers of salicylic acld in the absence of any

solvent, to form arylseleniumtrichloride. This reaction

involves the hydrogen para from the hydroxyl group .192
OH o OH
f.f iy
C-OR C=UR
+ 36014 (R + HC1
50013

Although in the presence of anhydrous aluminiunm trichloride,

benzene reacts with selenium tetrachloride and gives a

- 133
moderate yleld of diphenylselenide a higher molecular
1','
ratio of benzene results in triphenylselenonium chloride.)4’135
AlC1. +
3 + SeCly ——=2 5 ( )Bse C1™ + 3HC1
Lewis

acld
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54169 The structure of some organoselenium compounds.

The crystal structures of diphenylseleniumdichloride,
diphenylseleniumdibromide, di-p-tolylseleniumdichloride and
di-p-tolylseleniumdibromide were investigated by McCullough

129,130,153

and co-workers The structure of diphenylselenium-
dibromide has been shown to be orthorhombic bipyranidal. The
dichloride has eight molecules per unit, whilst the dibronide
has only four, The crystal structure of the di-p-tolyl-
seleniumdichloride shows that there are two nmolecules per unit
cell e The molecular structure of all these dliarylseleniunm
dihalides is 2 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 LA
Ph Ph
\ L)
1.9 20,03+ 2.30 A
110 ( Se) 180%3 Se) 180%5
Ph Ph

Br cl
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The structures of di-p-tolylseleniumdihalide, are shown

below -
Br ¢
R
" 1093-0I 034 n2o38:‘0|02
1,950, 03 ~ 2.5220,02
10821 (Se) 17721 Se 177.5%1
R R
Br O

The bond distances found in diphenylseleniumdihalide
and di-p-tolylseleniumdihalide were Se=Dr and Se=Cl which
are larger than the sum of the covalent radli and the

molecular symmetry is C?v‘

131
Wynne and George have reported the structure of

arylseleniumtrihalide and suggested that methylseoleniun-

trichloride is dineric ( see below ) An methylene chloride,

CL cl

HzC-5e Se-CH
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b el 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 nunmber of
bond pairs it is possible that the stereochenlstry of
selenium(II) and selenium(IV) may be predicted. The synmaetry
of molecules for selenium(II) (two lone pairs, two bond pairs)

or selenium(IV) (one lone pair and four bond palrs) nay be
,

16
vostulated as 02 or sz. Hendra and Park interpreted

the spectroscopic data for 592012 and Se,Br, based on
50
assignments for 02 symmetry, but Hayward and Hendra 4

suggested that selenium tetrachloride and selenium tetrabronide

157

have a C covalent structure. Wynne and co-workers
2v ¥

reported dibromo(tetramethylthiourea) selenium(II) to have a
169 gy W 2

sz symnetry. Grecnwood & Struchan and Hendra & Jovic

suggested that (SeBr6)2- anion is octahedral but they

do not agree fully on the assignments,

Dedell Vibrational spectra.

154

Horn and Paetzold have discussed the infrared and
Raman spectra of some organoselenium compounds such as
(Cgli5)o Se(Nos)z. (06H5)259(cu3002)2. (06H5)289(CF3002)2
and (06H5)2Se(cn3303)2. Al)l of these compounds also possess
a distorted 4 trigonal bipyramidal structure (nolecular)
symmetry C,,)s 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 en~t for (CH3)239012 were assigned to Y (Se-Cl).

The infrared and Raman spectra of some dialkyl and

162-164 165, 166
diaryldiselenides, = alkyl and arylselnnocyanate,5 >
152, 154, 156
diaryl and dialkylseleniumdlhalides seleno bis-

167
(2-mercaptoisobutyric acid), dichloro and dibromo (tetra-
157

methylthiourea)seleniun(II) selenium tetrabronide,
0 58
selenium tetrachloride 2 392012' SezBr?lU and anions
SRR My e N
(SeBr6)2 P17 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(49.82%)
and bromine 79(50.53%) and 81(49,47%) and therefore the
fundamental vibrations are assoclated 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)seleniundichloride 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 (06H5)28n012

55

and (C6H TeCl2 which are said to have similar

5)2

structures.
MeWhinnie 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-
tribromide, p-chlorophenylseleniumtribronide, p-bromophenyl-
seleniumtribronide 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 en~t, but when
using an interferometer, satisfactory spectra were obtalned.
Arylseleniumtribronides, were ultimately decomposed by long
exposure to the laser beam of the Raman spectrometer but
good spectra were obtained initially, Since arylselenium=-
tribronides decompose on storing, the infrared spectra were

recorded innediately and the Raman spectra were carried out

within twenty-four hours.

Analytical data for freshly prepared arylseleniumtri-
bronides were obtained and gave satisfactory results

(see table 5=6),
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5.2 EXPERIMENTAL

o s | Preparation of tetraphenyllead (06H5)4Pb

Tetraphenyllead was prepared using the method due to

136
Setzer et al e To a stirred solution of phenylamagnesiun

bromide (0.5 mol.) in 150 em’ of dry diethylether, 150 cm>
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
crushed 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 fronm
chloroforn. m.p. 225-226°C (1Lt 225-22600) 136,137
[Pound ¢, 55,104 H, 3.78; Cogli,oPb  requires €, 55.9;
H, 3.88 4]

5.2.2 Preparation of triphenylleadchloride (06H5)3Pbcl

To a boiling solution of 12 g, tetraphenyllead in
130 cn? of chloroform, dry hydrogen chloride (in vapour foxn)
was passed for fifty-five minutes. A snall amount of diphenyl=-
leaddichloride which formed was filtered off. The filtrate
was evaporated to dryness and the residue obtained waz then
crystallised from absolute alecohol, Triphenylleadchloride
(940 go) was obtained. m.p, 204-205°C (1lit. 205°C) A
[Founda ¢, 45.82; H, 3,27; Cl8Hl5Pbcl requires ¢, 46,56
H, 3.39 %]
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56263 Preparation of organoselenium conpounds.

5.2.3,1 Preparation of diphenylseleniumdichloride (06H4)2Se012

Diphenylseleniumdichloride was prepared by two methods

as described below ;-

lst lMethod § 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 cn>
toluene or benzene were heated under reflux for eix hours,
The hot reaction mixture and the filtrate evaporated under
vacuum to about 15 en’. 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.

l':"
sspe X770 H1it, 178°0) i

[Found C, 47.95; H, 3.42; Se, 26.07; Cl?uloSecl2 requires
C, 47.72} Hy 3.28[ Se, 25.98 f.f';]
2nd Method ; Reaction of seleniumtetrachloride and triphenyl-

leadchloride.

4.4 g. (0.02 mol,) selenium‘tetrachloride and 9.4 g.
(0.02 mol,) triphenylleadchloride in a total volume of 100 end

toluene were heated under reflux for six hours. The
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precipitated diphenylleaddichloride was flltered off from the
hot reaction mixture and the filtrate was evaporated under
vacuum to about 15 cm3. After two days in a refrigerator
yellow crystals formed which were roccrystallised f{rom bengene
Yield 204 mips 178 C (Lit. 178°¢C) 139

[Found €, 434333 H, 3.50; Se, 26.,09; C,,ll,,5¢Cl, requires

G, 4772y Hy 3.28; 56, 25,98 %7

5:243¢2+ Preparation of di(p=-nothoxyphenyl)scleniun

dichloride (p-Cl;0C4H),50CLs,

Selenium tetrachloride 11,25 g. (0.1 nol,) was added
10 21,6 g« (0.2 nol,) of anisole contained in a 100 cn?
flashk fitted with a drying tube, Owing to the exothermic
nature of the reaction, and strong evolution of hydrochlorie
aclid gas, the contents were cooled in an ice bath for
forty-five minutes and finally left at room tenderature
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 dlssolved in the smallest possible volune of dry
chloroform, reprecipitated by addition of dry diethylether,
filtered off and drled inm a vacuun dessicator. Yield 457
mops 163°¢ (1145 163°0) *°
LFound c, 46,19; H, 4.03; se, 21.86; Cq4H40,5eC1L
C, 46.30; H, 3.8T; se, 21,70 %]

5 requires
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5.2.3.3 Preparation of di(p-ethoxyphenyl)selcniumdichloride

(p=CoHg0CkH, ) p8eClLy.

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)seleniunmdichloride
di(p-ethoxyphenyl) seleniumdichloride wns obtained.
Yield 674 m.pe 139°C (2it. 139°C) 2
[Found c, 48.84; H, 4.64; Se, 20,18; C14M180,80C1l, requires

c, 49,00; H, 4,60; Se, 20.16 %]

5¢2.4 Determination of selenium by titration method.

All selenium compounds were analysed for their seleniunm
content, 100-13%0 mg, of each compound was dissolved in dry
methanol and 2 g, of potassium iodide and 2 cn” of 4M H2504
were added, The liberated iodine was treated with a standard

145,146
solution of sodium thiosulphate. L

The reactions involved are :-

(06H5)23e012 %2 il (06H5)2Se v 201

2I- e 2i- —_— I2

(CgHs)ySe00, & 217 — o (CgH ), 8e + I, + 2017

212 + 2Na25203 > 2Nal + Na25406

o' (céns)zsecl2 = 2Na25203
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here: 2 litres 1M Na.28203 reactes with 1lSe

2 litres 1M Na25203 reacts with 78.956 g.Se

784 9
1l litre 1M Na,.S,.0, reacts with . Z.8¢
Pl k. >
78.96
1 em? of 1N Nay8,0; reacts with g.5e
2000
78.96
1 en® of O,1M Na,$,0, reacts with .Se
20000

hence 1,0 cn’ of 0,1M Na28203 reacts with 7,948 ng,See The
selenium content in diarylseleniumdichlorides are shown in

table 5«1

The same procedure may be used for determining the
selenium content in arylseleniumtribromides. The reactions

involved are ;-

2RSeBr3 4 6I° ——p RSeSeR + 6Br 4 31,

vmhere R = C6H5’ P-]}rC6H4’ P"C.LC6H4 or P-CH%CUHLi

also, -

2C6H5593r3 T s T S 06H5585906H5 + 6Br~

61- -~ 6£- 312

206H5363r3 4 617 —— 06H5565606H5 4+ 6Br~ 4 312
312 + 6Ha25203 ———— 6Nal + 3la,8,0,

5SeBr3 = 6Na2$203

lcéHsseBr3 = 3&&28203

s 20.H
o)
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here 3 litres 1M Na25203 reacts with 1lSe

3 litres 1M Na.25203 reacts with 78.96 g.se
78496

1 1itre 1M Na28203 reacts with . g.5e
78496

1 en’? of 1M Na28203 reacts with g.5e
3000

78496

1 en? of 0.1M Na.S.0, reacts with

avovs .50

30000
hence 0.1 cm> of 0,1M Nap§,05 reacts with 2,632 ng.Se. The
selenium content in arylseleniumtribromides are shown in

table 5-2,

M
The 0.1M sodium thiosulphate was standardised by gp

"Analar" potassium iodate.
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TABLE 5-1

Determination of selenium content in diarylseleniumdichloride by
titration method.

Vol. of 0.1M
Sabioinas 01 oL CHBREN e ol B e
needs (cm3)
(CgHs),Sec1, ® 10" 106.0 26.07 25.98
(CgHs),SeC1, L 7.60 115.0 26,09 25.98
(CgHs ), SeC1, # 7.30 110.4 26.11 25,98
(03300634)23e012 . 5.80 104.7 21.86 21.70
(CH,0C,H, ), SeCl, $ 5.90 106.3 21.91 21.70
(02H5006H4)289012 ¥ 6.10 119.5 20.18 20.16
(C,Hg0C,H, ),SeC1,, € 5.90 115.2 20.22  20.16

. + S
a. Reaction of (0655)4Pb eCl4

b. Reaction of (csn PbCl + SeCl

5)3 4
¢. Reaction of (06H5)QS° + nitric acid and hydrochloric .

d. Reaction of anisole + 36014

®. Reaction of anisole + 390012

f. Reaction of phenetole + 30014

£+ Reaction of phenetole + 390012

® Each 1 cm> 0.1K of Na,5,0; 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 %
Compounds ar 3 in mg. found | calc,

em>.

-

22.10 20.09 19,96

06H5SeBr3 1.68
p—BrCGHdseBr3 1.61 25.10 16.84 16.67
p~0106H4SeBr3 1.87 26.30 18.73 18.36
P~CH,CcH, SeBr, 1.89 26.30 18.91 | 19.27

.each 1 0m3

0.1M of Na2320

3

reacts with 2.632 mg. Se.
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D3 DISCUSSION

5¢3.1 Diarylseleniumdichloride,

Similar synthetiec routes for the preparation of diaryl-

5 4’
selenium and diaryltellurium compounds are knowﬁ%o’g)’ll5’l LT

The routes to diarylseleniumdihalide are reviewed here.

Benzene is known to react with SeCl4 in the presence of

anhydrous aluminium(II)chloride giving a moderate yield of

diphenylselenide 133 , but using a Lewls acid such as

AlCl, and higher ratios of benzene results in the formation

2
of triphenylselenoniumchloride (c6n5)35e*01"

AlCl
Cgllg + SeCl, ——=» (06H5)33e*01“ + 3HC1

A vield of 60% (06H5)3TeCl was glven by a nolecular

ratio of 3/1 Alcl3/Tecl4 using an analosuous method by
Guther and co-workers 148 Diphenyltelluriumdichloride (45%)
and phenyltelluriumtrichloride (17¢) were isolated when a

lower ratio of 2/1, AlCls/Tecl4 was used,

Alcl
3
06H6 + TeCl4 ———— C6H5T8013 + HCL

AlCl5
06H6 + 06H5T9013 —_— (06H5)219012 + HC1
A1013

+ -
Collg + (CGHS) TeCl, ——————>(CGH5)3Te gL™ 4 HElL

The presence of Lewls acids are essential when reacting

Cy4lly and TeCl4 except when certaln activating substituents X

39,148,150
(where X = RO, HO, RQN, RS) are present. "Brus TeCl4
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X gives a nmixture of products.

— XL O }TeClﬁ
cl

— %  X- O Te X
€1

In the reaction of sclenium oxychloride with an aromaiic

X + 'I‘eCl4_-——

conpound using anhydrous ether media, at room temperature, a

Para activating substituent must be present in the aronmatie

compounds, 127,128
\ Anhydrous gL
ro{ O + Se0Cl, » RO (@) de W) OR
___d// ether cL
(5 days)
151
Morgan and Burstall reported that tlie reaction of

selenium oxychloride with an aromatic compound (such as phenol)

in anhydrous ether or chloroform gives triarylsclenoniumchloride.

Ether or +
3 HO + Se0Cl e s U 1O )., Se o 0
Chloroforn 0 )

132

Nelson and co-workers found that selenium tetra-
chloride reacts with esters of saliecylic acid (in the abscnce

of solvent) and forms arylselenliumtrichloride,
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on OH

COOR
5 SeCl, — O)

COOR
ceCl

+ - HCLl

i

The possible reaction of selenium tetrachloride with
aromatic ethers has not previously been reported. IilOWever,
it has been found in the work reported here that anisole and
phenetole will react over twenty-six hours with scleniun tetra-
chloride (in the absence of solvent) and gives good yields of
bis(p-methoxyphenyl )seleniumdichloride and bis(p-ethoxyphenyl)-

seleniumdichloride under controlled conditions. 152

2 RO + SeCly —»Qw R, \)q SeCl, + 2HCL

31
Pant described the reaction of aryllead compounds

with tellurium tetrachloride, as in theeruation below;=-

Toluene

In the analoguous reaction of selenium tetrachloride
with an aryllead compound, the product obtained was dlaryl-

seleniumdichloridey=

Toluene
(061{5)4% + 59014-——_—_;.(06115)283012 + (06H5)2Pbc12

A 90% yleld of phenyltelluriumtrichloride was obtained

by reacting triphenylleadchloride with tellurium tetrachloride
31

in dioxane but when using selenium tetrachloride a lower

vield (20%) of diphenylseleniumdichloride was obtained.
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toluene
(06115)31’1:01 + SeCl, -—-—)(06H5)289012 + 2(°6Hs)21°b012

Characterisation of the products obtained from the
reaction of seleonium tetrachloride with anisole, phenetole,
tetraphenyllead, and triphenylleadchloride was made by the
chemnical analyses, infrared and Raman spectra and nelting

points,

Analytical data for dliarylseleniumdichlorides are given

in table 5=3% -

Dadee Vibrational spectra.

The infrared and Raman spectra of diarylseleniun=
dichlorides, (such as diphenylseleniunmdichloride, ai(p-methoxy-
Phenyl)seleniumdichloride and di(p-ethoryphenyl)seleniun-
dichloride are reported in table 5-4.The bands at 250=275 en~t
and 245-255 en~t! were assigned to )}sym.(Se-Cl) and ))asyije-Cl)
respectively., This proposal is consistent with the long bond

length Se-Cl reported for diphenylseleniumdichloride .130

Wynne and co-workers %

1

assigned weak Raman bands at
AV = 138 em™~ to the Cl-Se=Cl deformation mode, for dichloro-
(tetramethylthiourea)seleniun(II ) Therefore,the Raman bands

at AV = 120-140 en~t

for the diarylseleniumdichloride are
tentatively assigned to J(Se-Clz). The band assignments
associated with vibrations of the phenyl groups were made in
conparison with the published data for diphenyltindichlorid9155
diphenyltelluriumdichloride 25 diphenylselenide, bromobenszene

292
and p-bromoanisole, McWhinnlie and Patel reported the
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TABLE 65-4

The i.r. and Raman spectra of some diaryl seleniumdichloride 360—100cm-1.

( )28'9012 (0330@)25e012 (02350@)239012 Assignment
1ere Raman i.r. Raman i.r. Raman
3298 335vw | 344s 345w 356m 355vw t;
or V (Se-Ph)
3078 310vw | 310w 310w 336vs 338w | t)
275vs 267vs | 2558 250vs 2728 263vs 1)3 (Se~C1)
2488 245s 253m Vs (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 134s 1358 J (8e-C1,)
120w 127mw
105vw 107ms 112ms 110w 110m unassigned
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wavenumbers of the phenyl t and u modes for the diphenyl-
telluriumdichloride which are 249-272 en~t ana 198-230 en”t
respectively, but the bands found for the diarylseleniun=-
dichlorides are 307-3%56 en~L and 203=253% cm"l. 80 as

expected the phenyl t and u modes all occur at slighlly

higher wavenumbers than for the corresponding diphenyltelluriunm-
dichloride-sst The main Raman bands for (Cylig),SeBry at

Dy = 157 cm-l, Y (Se=Br) are well clear of the phenyl u band

at AV = 249 ep~! 158

but the phenyl u modes for diaryl-
seleniumdichlorides appear as shoulders or are hidden under

the main Raman bands.

D833 Arylseleniumtrihalides,

Organoseleniuntrihalides may be obtained by the reaction
of a selenol, diselenide or arylselenocyanate with halogen
and the methods used have been summarised by several

AUt hork. 123,126,159-161

The infrared and Raman spectra of phenylseleniumtribronide,
P-chlorophenylseleniumtribromide, p-bromophenylseleniumtri-
bromide, and p=tolylseleniumtribronide, was carriecd out.
Analysis of these spectra seems to suggest a more symmetrical
environment for the selenium atoms than for the telluriunm
atons in the corresponding phenyltelluriumtrihalides 33
as there are fewer coincidences of bands in the region
250-120 en” %,

Allun and co=-workers 164 reported a stronz Ranman line
at 293 cm"l for di-n-butyldiselenide (c.p. 317 en~l for Br-3r

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 o

C,H_SeBr p-BrC_H,SeBr
&5 3 64 3 Tentative Assignments
i.r. Raman Lol Raman
558
105m 103ssh )
)
110ssh  120msh 120vs  1l6ssh g J (se=Br)
142w 137s )
Ao 10w g Phenyl x mode and
179s 177s ) & (Se=Br)
202vs 198vs 203vs )
)
214vs 211s ; y (Se~Br)
220vs 220vs )
242vs 2338 )
) Phenyl u (Se) mode
254vs 250vs )
278s 280s 274msh  282vs g
298s 2958 300vs 3 )/ (Se=Br)
3058 )
3308 327s 322vw Phenyl t (Se) mode
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Table 5«5 ...

The far infrared and Raman spectra of arylseleniumtribromide

between 50-330 g

p*0106H4SeBr3 p—CH306H4SaBr3 Tentative Assignments
i % Raman 1.7 Raman
1008 94m %
121lwsh 1208 )
) J(se-Br)
134ssh 132s 140m 136ssh )
)
152vs )
158w 161msh A59ve % Phenyl x mode and
167vw ) d (Se-Br)
203vs 196s 196vs )
)
207vs 208m ) ) (Se-Br)
)
210vs 217vse )
231m )
)
So0w 248w g Phenyl u (Se)
2588 262w ) mede
)
2678 )
280vw 284s %
302s 3 ) (Se-Br)
310m 309s )
3168 N6vw g Phenyl t (Se)
3308 3308 ) mode
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the frequenby of the infrared bands for selenium tetrabromide
at 266, 247, and 236 en™l as being due to seleniun~bronine
stretching, but it i1s suggested that the bands observed
between 200-310 en~t for the arylseleniuntribromides

described in this thesls are associated with selenium-bromine
stretching nodes. The bands of the infrared and Ranan spectra
or SeBr2 have been assigned by Hendra and Park168 The bands
at 260 en~t due to Y (Se=Br); 286 en~t due to y (se-5e), and
those between 110-150 cn™t are said to be due to deformation

1 for dibromo-

modes. The strong bands at 184 and 150 en”
(tetramethylthiourea)seleniun(II) 157 were assigned to
asymmetric Br-Se-Br and symmetric stretching modes respectively
but the lower freaquency bands at 100-112 cn~1 were assizned to
Br-Se~-Br deformation modes, The infrared bands at 164 and

196 en~1 observed for dimethylseleniumdibromnide vore associated

21

with Se-Br stretching modes but the Raman spectra of

diphenylseleniumdibronide is sald to show only two bands, one
-1 i =1 458

strong band at 157 en and a weaker one at 249 cn

Uther bands could have been nissed due to poor sandle prepar=

ation. The absorptions between 100-316 cq‘l are thus asgociated

by the seleniunm-bronine stretching and deformation vibrations

depending upon the environnment of the seleniun aton.

The infrared and Raman bands for arylseleniuntribronide
are given in table 5<% and the far-infrared spectra are shown

in fig. 5=1/2/3/4.

Arylseleniuntribronides have bands in the resion

100220 en~t i,e,, at frequencies sinilar or the same as founi

6)2_ 169,170

for (SeBr However, it is interesting to note that

the Ranan active bands in (SeBré)z‘ are infrared and/or Ranan
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active in arylscleniuntribronides, whilst the infrared active
bands in (SeBr6)2" are infrared and Ranan active in aryl-
seleniumtribronides. A distorted octahedral environnent for

the selenium atome seems likely as there is evidence of

L were found

50

which are in the region noted for SGBr4

splitting of the bands, Bands between 230-315 cn”

for CGHSSeBr
80

5

Se,Br ) (C6H5)28e3r2 156 (and B%zitSolf)- Absorptions

- A
arising in this region are probably due to the "stronger"

selenium-bronmine and selenium=-phenyl vibrations,

DeSeds Conductivity measurements and possible

structures.

The conductivities of 10~? Molar solutions of arylseleniun-
/
tribromides in dry NN diwmethylformanmide were measured using
a HMullar conductivity bridge Type E 7566/3, Arylseleniun-

tribromides had values of h‘m at 20°C between 40-50 ohn'l.

cmz. mole-l (see table 5-6) which suggest that these are weak
ionised in this solvent, A distorted octahedral enviroament
for selenium of three long (selcnium=broaine) bonds and three
short (two seleniun-bromine and one seclenium-carbon)bonds
could be envisaged in the tetramer unit, if this donor-

acceptor interaction between RSeBr, 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

_ 13
for thallium(Il) methoxide °  and basic berylliunm acetate=216



Analytical data for the arylseleniumtribromide.
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TABLE 5-6

C H Se m.pP. DMF
05355°Br3 18.10 1.15 20.09 103°C 49
(18.20) | (1.27) | (19.86) | (1it.105)
p-BrCGE4SeBr3 15.30 0.70 16.84 132°C 50
(15.30) | (0.70) | (16.67) | (1it.132)
p—0106H4SeBr3 17.00 0.70 18.73 122°C 40
(16.89) | (0.95) | (18.36) | (1it.123-4)
p—CH3CGH4SeBr3 20.50 1.60 18.91 115°C 50
(20.71) | (1.74) | (29.27) | (1it.1n5-6)

Required values in parenthesis

* =1

ohm cm2

wole Ao™ A “soliition at 20°C
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Br
CeHs
Selenium atoms could be found in a totranmer uait which

mould give each acceptor atom an apnroxinate CW environneat.

Figs 5-6 shows such a tetramer unit based on selenium-
selenium bonds which could also rive a local enviroanent of
C3v for each selenium atom. The masses of seleniun and
bromine are similar, therefore bands of a sinqilar frequency
could arises There is no way to distinsuish between the two

structures proposed (fig. 5<5 and 5=6 ),
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The local symmetry of selenium atoms within the tetramer
unit proposed for 06HSSeBr3 can be rezarded as of a MA3B3
type of unit. Each selenium atom (masses 78 or 80) is
surrounded by three bromine atoms (masscs 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 GSV are as follows, =
r= 444 2 RS Az(R) + 5E(R.I,.)

Twelve to fifteen bands are in fact observed and these

are listed together with tentative assignments in table 5=5,

54345 Determination of the number and activity of

a molecular MA3§5 belonging to the point group

c-;-v-

Number of fundamental vibrations is given by formula ;

1
Ny = — Z 1, c(r)x%, (R)
Nq

where HG is the number of elements in the group
n, 1s the nunber of elements in each class

X4 (R) is the character of the vibration speciecs,
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Csy , E 205 34,
E‘N 15 0 3
N - l[(lxlel)+(2x0x1)-(3x3x1)]=4
Ay e
N -1[(1x15x1)+(2x0x1)—+(%x3x-1)]=l
A2 Sl | W
A- 353, .
Ng -g[(lx15x2)+(2x0x—l)+(3x3x0)] 5
iy ':N & 4Al(R,I.) + A2(R) + 5E(R.I.)
Character table for the point group C3v-
Csy B 205 3d,
Al & L 1
A, 1 1 -1 X.(R)
E 2 -1 0
c ¢ 0o
& 0 120 0
2 ¢o0s 2 -1 2
21 42 cosp 3 0 1 XM(H)
2 0° 240 ° 0°
2 cos 2 -1 2
22 2cosf + 2 cos 26 6 0 2 X,(R)
Up 4 1 2
Droper improper
rotations rotations
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641 INTRODUCTION

6.1.1 Tetraalkyldithio=oxanide complexes.

T -5y
NNN N tetramethyldithio-oxamide and NIN II tetraethyl-
dithio-oxamide are known to react with certain metal ions in
20,26=30,76
non-coordinating solvents, fost of the tetramethyl or
tetraethyldithio-oxamlide complexes previously reported have

involved transition and non-transition metal ions, and these

have been sunnarised in Chapter II.

It has already been pointed out that many metal ions
react with these potentlally bidentate ligands to form stable
complexes., Typical examples and the spectroscopic evidence

for 5=5 or S=N coordination have been sumnarised in Chapter II.

In this chapter the preparation, characterisation,
infrared and Raman spectra of complexes of the type RSeLBr3
(where R = 06H5, P=-CLCgHy, p=DzCgH, or p-CH306m1and
L = tetramethyldithio-oxamide or tetracthyldithio-oxamide)

1s described.

The complexes were prepared by dissolving the ligand
(1 mmol.) in dry methanol or dry benzene and addinz this to
arylseleniumtribromide (1 mmol,) dissolved in either dry
methanol or dry benzene, Yellow to orange precipitates
formed immediately after cooling to 10°C, which were filtered

off and stored in a vacuum desiccator,
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Since aryltelluriumtribromides and tellurium tetrabromide
7 !
are known to form stable complexes with HNN N tetraalkyl-

20,76

substituted dithio-~oxanide it was decided to investigate
the correspondling reactions with the analogous seleniun
compounds, It was found however, that the tetraethyl and
tetramethyldithio-oxanide complexes of seleniun(IV) conpounds

are not as stable as the tellurium analogues.

G312 Vibrational spectra.

175
Bergson and Biezails have suggested that a band

1 in l.2-thiaselenolane-4-carboxylic acid

found at 345 cm”
is due to the selenium-sulphur stretchins mode, Bands between
100-305 cm'l are sald 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 arylseleniumtribronmide complexes indicate
that co-ordination is through the sulphur atoms of thiocarbonyl
groups. Assignments for the stretching mode of the selenium-
halogen bond and selenium-sulphur bond are given, and the

possible structure for the complexes are described.

6:1.3 Selenenyl sulphide,

A method for the preparation of phenylselenocyanate and
substituted phenylseclenocyanate was first reported by Bauer
in 1913 112 using a Sandmeyer type reaction in which

Sselenocyanate ion is added to a diazolised arylamine.
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RN 1)
; M T
NH2 + HHO2 e ®) II2 e SeCN + Lz
. oy EEONT "
02“ NH2 + HNOz_"} 02I.'I O J.'|2 —— 021[ O IDGCN
+ N2

Noz N02 1‘102
* CNT
NH, + HNO, —» N, SeCN O )SeCnl + N,
177 /
Nakazaki reported that the selenenyl sulphide compounds

were obtained from the reaction of arylselenocyanates with
thioaromatic compounds (e.g. thiophenol or o-nitrothiophenol)
at roon temperature., The reaction is exothermic and hydrogen

cyanide is evolved.

RSeCHN + R SH——> RSeSR™ & HCN

where R = Cgll; or 0-110,C4H,

also R™ = 06}{5 or 0~N0206H4

In this chapter, the reaction of o-nitrophenylseleno-
cyanate and p-nitrophenylselenocyanate with several aronatic
thiols (such as p=thiocresol, p-chlorothiophenol, p-bromothio-
phenol, o=mercaptobenzoic acid and pentafluorothiophenol) in a

non-aqueous medla 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 below:=~

N0,

II'O2
( O/.\SeCN + RS —= @EQSR' + HCN

where R = p-CH306H4, p=ClCgHy, P-BrCgliy, or 0=1102C. Cglig

202N@5ecn +2us{ O >-cn.,]—-+21mu +
021"@58-%@1102 + cn,,@ss{ B )

Thus,the production of the selenenyl sulphide is
favoured in most cases when o-nltrophenylselenocyanate is
involved but the dlselenide is produced when p-nitrophenyl-

S8elenocyanate is used.

The infrared and Raman spectra of the selenenyl sulphide

and diselenides were reported and assignments made. Also

hydrogen cyanide was ldentified by infrared spectra.
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6.2 EXPERIMENTAL
‘7
6,241 Preparation of NNMY N tetramethyl and

T
NNN N tetraethyldithio-oxanide.

Fully substituted dithio-oxanmides (such as tetramethyl
and tetracthyldithio-oxamide) were prepared by the reaction
of phosphorus pentasulphide with tetramethyloxanide and
tetraethyloxamide respectively using a procedure previously

41
described by Hurd (see appendix one page 267)

6.2.2 Preparation of arylseleniumtribronide.

Phenylseleniumtribromide, p-chlorophenylseleniumtribronide,
p=bromophenylseleniumtribromide and p-tolylseleniumtribronide
were prepared by the reaction of the aypropriate arylseleno-
cyanates Or diaryldiselenides dissolved in dry chloroform with

excess of bromine a2lso dissolved in dry chloroform using methods
123 126,114, 122

which have previously been described. (see appendix three
bage
P
6.2.3 Preparation of NNN N tetramethyl and
¢

NNN N tetraethyldithio-oxamide complexes

of the arylseleniumtribronmides.

The complexes were prepared by dissolving the lizand
(1 mmols) in methanol or benzene and addinz the solution
obtained to arylseleniumtribromide (1 mmol,) also dissolved
in methanol or benzene. Yellow to orange precipitates formed

imnediately after cooling to 10°C, and were then filtered of[l
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at the pump and stored in a desiccator,

62431 Purity of the complexes.

The arylseleniumtribromide complexes of tetramethyl
or tetraethyldithio-oxamide were assayed imnediately for
selenium content by dissolving a Weighed amount (20-50 ng.)

in dry methanol, On addition of 2 g. KI and 2 cn” of 4i H,S0

the liberated iodine was titrated with O, 1N Na25203 solution
144,145

using starch as indicator The reaction involved is

shown as below -

9RS8eBr.L + 6I° = RSeSeR + 2L, + 6Br 4+ 3I

3 2

where I, = tetraethyldithio-oxamide or tetrametlhyldithio-
oxamide.

R ==06H5’ p-0106H4, p—Br06H4 or D—CH306H4
312 + 6Na23203-————~>'6HaI + 3Na,S40;

hence QRSeBraL o= 6Na25203

< b 4 )
lRueBr3L == )Ha25203

s 3 litres M Na_S.0. reacts with 1Se

2°2°3
76496
1 litre M Na28205 reacts with

se

1 en? of 0.1M Na,8,0, Teacts with 16,96 Se
3 3 x 10 x 1000

hence 1.0 cm5 of 0,1M Na28203 reacts with 2,632 nmg. Se
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TABLE 6~4

Determination of selenium content in arylseleniumtribromide complexes,
by titration methods.

Vol. of 0.1M
Sonstimis Ha28203 needs | wt. of sample | Se % Se %
3 in mg. found calc.
cm

CgHgSeBr, tedto™ 2.25 45.80 12.93 12.58
p-BrCgH, SeBr,tedto 1,05 26.20 10.55 11.04
p—BrCGH4SeBr3tmdto’* 1.05 23.20 1Y 12.14
p-C1Cg4H, SeBr,tedto 1.1 25.90 11.38 11.93
p~C1C4H, SeBr tmdto 1.15 24.00 12,61 13.03
p-CH,C4H,SeBr tedto 1.53 33.00 12,20 12.31
p-CH,C¢H, SeBr tmdto 1,03 20.40 13.29 13.48

*tedto = tetraethyldithio-oxamide

**imdto = tetramethyldithio-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=-nitrophenylselenocyanate.
112
Bauer's method was used, o-nitroaniliae
(13.8 g+ 0,1 mol,) was dissolved in a hot mixture of 30 cm3
3

of concentrated hydrochloriec acid and 30 em” of water. The
solution was then cooled below S'C and 7 g. of sodium nitrite
in 20 cn’ of water was added gradually so that the temperature
did not rise above 5°C. The Precipitate of o-nitroaniline
hydrochloride appears and then dissolves to give a clear
reddish liquid, Sodlum acetate was added until the conso

red paper gave a neutral colour. A solution of 15 g. of
potassiunm selenocyanate in 40 cm3 of water was gradually

added keeping the temperature below 5°C., 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 animal charcoal.
mep. 142°c (11it, 142°¢C) it
[Found €, 37.00; H, 2,003 N, 12,30; Se, 34.86; Col N, 058
requires C, 374053 Hy 1,763 N, 12,32; Se, 34.80 %1

648v5 Preparation of p=-nitrophenylselenocyanate,

13.8 g« (041 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 (B gs)

in 20 cn? of water was added slowly ensuring that the temperature
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did not rise above 0°C. The acidlc solution produced was
neutralised with a previously cooled solution of saturated
sodiun acetate until the congo red paper turned blue,
Potassiun selenocyanate (15 g. in 7O cn’ of water) was

then added drop-wise and with constant stirring and maintain=-
ing the temperature at 0°C, a dark brown solid was obtained,
after all the nitrogen had been evolved. The solid was
filtered off, washed with water several times and recrystal-
lised three times from ethanol using decolourising charcoal,
to give yellow crystalline plates. m.D. 136—138°C.

(1it. 137-138°¢) e

[Founa ¢, 37.15; H, 1.85; N, 12.16; Se, 34.60; Cql N,0,5¢

requires C, 37.05; H, l.763 N, 12,32; Se, 34.80 %1

642.6 Reaction of o-nitrophenylselenocyanate with

thloaromatic 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 dry 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 yelloWw crystals were obtained, which were filtered off
and dried under vacuum. Yield 0,49 g.

[Found ¢, 48,20; H, 3.40; N, 4.28; Se, 24,83; N0,88e

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 . 3 nmol.)
and p-bromothiophenol (0,567 g. 3 mmol) in 10 cm? 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 5. MeP85=65 Co
{Found ¢, 37.75; H, 2.10; N, 3.653 Se, 21,01 ¢, MHgiiv,Broie

requires C, 37.04; M, 2.07; U, 3.60; Se, 20,30 &1

6.2.6.3 p=-Chlorothiophenol,

A mirxture of o-nitrophenylselenocyanate 0,674 . (3 nnol.)
and p-chlorothiophenol 0,433 g. (3 mmol.) in 10 en” of dry
benzene was refluxed for one hour, The sane procedure waos used
as for the reaction of o-nitrophenylselenocyanate and
p-~bromothiophenol, The yellow ecrysials obtained were filtered
off and dried under vacuum, Yield 0.49 g. m.D. 95-9800.

LFound ¢, 41.80; H, 2.40; N, 4,40; Se, 22,39; C Hclsse

12'8%
requires C, 41,82; 1, 2.34; N, 4.07; Se, 22.92 1

6.2.6,4 O-lercaptobenzoic acid (thiosalieylic acid).

A nixture of 0,674 g. (3 mnol,) o=-nitrophenylscleno-
cyanate, 0,463 g. (3 mmol,) o=mercaptobenzoic acid, 10 cn”
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 wexre
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filtered off when the solution was hot and then dried under

vacuum, Yield 0.87 g. mePe 225=230°C.

[Founda ¢, 44.,40; H, 2,603 U, 4.10; Se, 22.21; cl3H904:SSe

requires C, 44.07; H, 2.56; N, 3,95; Se, 22,31 %]

6.2.6,5 Pentafluorothiophenol,

O-nitrophenylselenocyanate 0,674 g. (3 nnol.),
pentafluorothiophenol 0,6 7. (3 mnmol.), 10 cn? of dry methanol
and 5 en’ of dry benzene were mnixed and then refluxed for one
hour. Yellow crystals were formed, which were filtered off
and dried under vacuum, Yield Q.}O €« MsDs 205-206°C.
(11t, 209°¢) 12
[Found ¢, 35.90; H, 2.05; N, 6.75; Se, 39.51; C,,lg0,1,5e,
(di(o=nitrophenyl)diselenide) requires C, 35.83; i, 2.01;

N. 6.94’: Sel 39!23 :“]

654247 Reaction of p-nitrophenylselenocyanate with

p-~thiocresol,

A mixture of 0,456 g. (2 mnol,) p-nitrophenylscleno-
cyanate, 0,249 g. (2 mmol,) p-thiocresol in 10 cm? of dry
benzene was refluxed for one hour. Yellow crystals were
formed whiéh filtered off from the hot solution and dried
under vacuum, Yield 0,20 g, mep. 176~177°C (1it. 180°c) 179
[Found €, 35.50; H, 2.30; N, 6.,85; 012H804H25e2 (di(p=-nitro-

phenyl)diselenide) requires C, 35.82; H, 2.,01; N, 6.96 %]
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6.248 Identification of the gaseous products

evolved,

The gaseous products were collected in an absorption
tube cooled at—180°c. The liqulid products were then wvaporised
into an infrared gaseous absorption cell and the snectrun
obtalned over the ranges 800-670 cn™t and 7350-3250 cm~1,
The fundamental bands obtained were compared with the published
data for wavenumbers for the calibration of snectrometers }79

Hydrogen cyanlde was cvolved from all reactions investigated.

There was no evidence of any cyanogen being present,

6.2.9 Identification of the products in the solutions,

The presence of thloeyanate in the solutions after the
reaction was tested by using a modification of the standard
qualitative tests using iron(II) and cobalt(Il) solutions as

180 N
recommended by Vogel . 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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643 DISCUSSION,.

6¢301 Arylseleniumtribromide complexes of tetra-

methyl and tetraethyldithio-oxanmide.

Arylseleniumtribronides RSeBr3 (where R = Cglgs P=isrCylly,
P=ClCyH, or p-cH506H4) have been found to react with sulphur
donor ligands (such as tetraethyldithio-oxanide or tetra-
methyldithio-oxamide) in dry methanol or dry benzene to fornm
yellow to orange precipltates which were filtered off and
assayed imnediately for their selenium content. The complexes.
produced all have a stolchemistry Sesligand of 1l3l, These
arylseleniumtribromlide complexes are not so stable as the
corresponding tellurium compounds, but are stable enough to
DPernit spectroscopic exanination by an interferometer and
are not immediately decomposed by the beam of a laser Ranan

instrument.

The reaction of selenium tetrachloride and arylseleniun=-

trichlorides (such as C6H556013 or OH o) SeCl3

with tetraethyldlithio-oxanide or ORI
Cli
tetramethyldithio=oxamide in dry Lis e

methanol or dry benzene were investigated but no precipitates

were formed.

¢ Vibrational spectra.

As mentioned in a previous chapter, fully substituted
dlthio-oxamide are known to give complexes with many metal
ions, and co-ordinationh takes place through both sulphur atons

of the 1igand, 20120-30,76
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The more important bands in the ligands (tetranmet hyl or
tetraethyldithio-oxamide) are ) (CN) and V(CS) stretching
vibrations and these bands are increased or decreased in the
arylseleniumtribronide complexes respectively. The infrared
and Raman spectra show new bands in the complexes which nay

be assigned to selenium-sulphur stretchins.

The spectroscopic data for arylseleniumtribronide
complexes with tetraethyl or tetramethyldithio-oxanide have
features in common with the correspondins aryltelluriun-
tribromide complexes, and the more important bands are now

discussed.

6.342.1 Tetramethyl and tetraethyldithio-oxanide complexes

with selenium(IV).

The bands at 1528 em~t and 1500 en~* assigned to VY (CN)
for tetramethyl and tetraethyldithio-oxanide respectively are
shifted to higher wavenumbers and are split in the arylselenium-
tribromide complexes (see table 6-1), The V (CS) bands at
828 cm"l and 872 em~1 for each respective ligand, are shifted
to lower wavenumbers in the complexes (sce table $-1). This
ls consistent with the proposal that co-ordination talkes pPlace

throush the sulphur atoms of the thiocarbonyl groups.

The bands in the far-infrared and Rancn spectra for
tetramethyl and tetraethyldithio-oxanide are reported in tables
6=2 and 6-3 and are worth further comment. There are soven
bands between 352-117 em™t for the complexes. Some are

clearly altered by complex formation, but new bands due to
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TABLE 6-1

fibP &

Infrared spectra of NNN N tetramethyl and NNN N tetraethyldithio-
oxamide complexes of arylseleniumtribromides.

Compounds ) (CcN) y(cS)
Tetramethyldithio-oxamide (tmdto) 15288 828m
Phenyl seleniumtribromide complex 1593s 817m

1540s
p~Chlorophenylseleniumtribromide complex 15913s 818m
1540s
p-Bromophenylseleniumtribromide complex 1592s 818m
1540s
p=~Tolylseleniumtribromide complex 1592s 818m
1540s
Tetraethyldithio-oxamide (tedto) 15008 872m
Phenylseleniumtribromide complex 15558 858m
15208
p~Chlorophenyl seleniumtribromide complex 1550s 85Tm
1520s
p-Bromophenylseleniumtribromide complex 15538 85Tm
15208
p~Tolylseleniumtribromide complex 1550s 857m
15208
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TABLE

6=2

spectra of selenium tetraethyldithio-oxamide

complexes below 360 on L
Tetraethyldithio-
C,H_SeBr.tedto |p-BrC_H,SeBr._ tedto
oxamide (tedtO) 6 5 6 4 3 Tentative
i.r, Raman i.r. Raman i.r. Raman Assignments
AV b LY
118vw 117 vw
d (Se~Br) and
136s 1358 130vw ligand vibration
154w 144w
196s 185m 184m ligand vibration
244vw 233w
Phenyl u mode
252vw 257w 252vw 25Tw and y (Se=Br)
280w
293m 293w ligand vibration
338s 33Tm 3358 334vs
V(Se=8) and
i JoKmen 345w ligand vibration
344m 350w 352w




Table 6"2 e

Infrared and Raman spectra of selenium tetraethyldithio-oxamide

complexes below 360 ocm .

1

tedto p~C1C_H,SeBr_ tedto | p~CH.C H,6SeBr._tedto
64 . 364 3 Tentative
i.r. Raman i.r. Raman i.r. Raman Assignments
oy av bU
119vw
§ (Se=Br) and
1358 EEINN 134vs ligand vibration
154w 144w
196s 185m 183w 184m ligand vibration
245w A b Phenyl u mode
281m and ) (Se-Br)
293m 293w 305m ligand vibration
324msh
Y (Se=S) and
334s 333m 335s 336s ligand vibration
344m  350m 349s8h
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TABLE 6=3

Infrared and Raman spectra of selenium tetramethyldithio-oxamide

complexes below 360 cm .

1

Tetramethyldithio-
C_H_SeBr_tmdto |[p=BrC_ H,SeBr.tmdto
oxaemide (tmdto) 65 3 674 3 Teritative
55 8 Raman i.r. Raman i.r. Raman Assignments
oy AV Ny
132w 135s 132w J(Se~Br) and
1 46w 133w ligand vibration
187m 179w 182w ligand vibration
227wsh  228wsh
Phenyl u mode
2598 252msh 2568 and U(Se-Br)
298w
3068 311w ligand vibration
312vw 316w Phenyl (Se)
327msh 324wsn | ¥ mode
344vw 3458 342vw Y (Se~8)




Table 6=3 .40
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Infrared and Raman spectra of selenium tetramethyldithio-oxamide

complexes below 360 cm

1

tmdto

p—0106H SeBr.tmdto

p~CH_C_H,SeBr_ tmdto
4 3 37674 3 Tentative
i.r. Raman i.r. Raman i.r. Raman Assignments
AV oLV by
118m 120vw
140m 133m 1 34w 132m J(Se-Br) and
ligand vibration
146w 133w
18Tm 179w 184m 174w ligand vibration
242wsh
250msh 256vs 251vw 25Tm Phetiyl o Sode
266wsh and V (Se-Br)
280vw 282w
306s 3llw ligand vibration
320msh  328wsh 320ssh 321w Phenyl (Se) t mode
3458 341vs 3448 342s V (Se~S)
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Y (se=8), VY (%e=Br) and d(Se-Br) may be clearly identified,
Thus,absorptions associated with V(Se-s) ocecur at 345-333 en~L
in the complexes. This proposal agrees with tle observation
of Berpgson and Bleszais 175 who ascigned the absorption band
at 345 en~t in l.2=thiaselenolane-4-carboxylic acid as being
due to a seleniun=sulphur stretching mode. TWynne et al ko
suggest that the bands at 233-240 cm"1 nay be tentatively
asslgned to a Se=S stretching node for dibromo(tetramethyl=-
thiourea)seleniun(II) and dichloro(tetramethylthiourea)-
seleniun(II) , but it is noted that the bands are weak aad that
other bands are given at 320-3%70 en™l which do not occur in
the ligand. The bandsat 298-227 cn-1 and 140-113 ca™L nay

be assigned to ) (Se=Br) and JfSe—Br) respectively, This
propnosal agrces with suggestions that selenium-bronine
stretehing and deformation modes give rise to bands between

100-505 on=1 ?01157,158,168,176

6:3¢354 Structure.

Arylseleniumtribromides are probably teitrameric structures
formed by &onor-acceptor_interactions between Br  and RSe.drz+
units (see Chapter V). The environment of esach seleniun
aton is approximately of CBV symmetrys. The local symnmetry
of selenlum atoms is higher than would be expected, because
of the similar masses of the attached ligands 1,e. 06”5 and
Br. Arylscleniumtribromides give very rich Ranan snecctra
but the bands in the same region for the arylseleniuntribronide
complexes are less intense and all coincide with those found

in the infrared spectra, The profiles of the spoctra 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
on units (RSeBrztedtojLBr-,and (RSeBthmdtoj¥Br". ive
co-~ordinated . selenium scens likely for these cations. This
structure is inconsistent with a 4/ octahedral structure

with one lone pair and five bond pairs, as may be predicted

for seleniun(1v) .

The possible structure of the RCSH4SeLBr2 cation
where R = H, Cl, Br, oxr CHB

tedto or tmdto,

L

66344 Selenenyl sulphide and diselenide.

Diaryldiselenide nay be obtained by ailr oxidation
114,115
of selenols, or from selenocyanates Challenger et

114

al believe that a selenol is the initial hydrolysis

Droducty -~

ArSeCN «+ II20-—r2ArSaH + 2HCNO

2ArSeH —jﬂl—*-ArSeSeAr + H20
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115
Rheinboldt sugegests that another 1llkely mechanisn
for the preparation of diselenide is by the alkaline
hydrolysis of selenocyanate to give selenenlic acid as an
intermediate 1~

RSeCN 4 H,0 —>RSe0OH + HCN

2

RSe0OH 4 RSeCll ———— RSeSeR + HCHNO

123
Behagel and Seibert believe that (CH)2 is fornmed
as a byproduct and then HCN oxr HCNO is produced by reacting

with water present.

2ArSeCN ———> ArSeSeAr « (c:--.-')2

(01-1)2 + H,0 ~———>HOCN + HCN

The hydrolysis of arylseleniummonohalides anpears to

123
Proceed by disproportionation via selenic acid.

CgHsSeBr + HpO0 ——>C HsSeOH + I3r

206H

+ H.O

CéHSSeH & CGHBSGOH—————**CéﬁsseSecéﬂs o

If a similar reaction occurred for arylselenocyanates
the products of the reaction would be phenylselenic acid
and diphenyldiselenide.

3ArSeCll «+ 2H20-————~e-Ar8302}{+ ArSeSeAr + 3HCH
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gelenol formation seenms likely in the presence of

alklating agents since under these conditions selenides

101-186
are formed which may be air oxidised to diselenides.
115 :
Rheinboldt type mechanism for the recaction with

HSR seems possible, =~

ArseCN 4+ HSR —/> ArSeSR + HCN

ArSeCN 4+ ArSeSR —> ArSeSeAr & RCIS

or more likely direct formation of diselenide and disulphide, =

2ArSeCN + 2RSH ——— ArSeSeAr + RSPR + 2HCH

The base of hydrolysis for selenocyanates always gilves
diselenides and hydrolysis under mineral acids also appears
to proceed via selenol intermediates but again air oxidatlon
is needed to proceed to the diselenide stage.

Nakasaki L 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 scrudulously dry.

In the work described in thls thesis, the preparation of
selenenyl sulphide was carried out by refluxing a nixture of
the thioaromatic conmpounds 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-nitrophenylselenocyanate
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.

64345 Vibrational spectra of diaryldiselenide.

164
Allin et al have reported their investigations

of the infrared and Raman speetra of dibutyldiselenide and
suggest the Raman line at 293 en~L to be due to a Se-=Se
Stretching mode. On comparing this to that for V) (Br-=Br)

(317 cm‘l) it is found to be quite close, Green and Harvey L
have reported the infrared and Raman spectra of dimethyl-

diselenide and the vibration VY (Se-Se) was observed at

286 en"lt,
The bands between 286-265 cn™' for di(p-nitrophenyl)-
diselenide and di(o-nitrophenyl)disclenide were assigned to

selenium~seleniunm streteching nodes. (sce 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

175
absorption band at 345 cn~L,
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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 en~t may be assigned to selenium-sulphux

stretching modes,

In the far infrared and Ranman spectra (table 6-5) new
bands at 318-351 en~Ll for the selenenyl sulphides are shown,

which nay be assigned to seclenium=~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

2 N02 2
@SGCN @s«;s—@m @SeS@ Br| Assignments
P Raman| i.r. Raman i1 Raman
) AV
120m
142m 148m 147msh
17imsh ko Sl substituent sens-—
1858 1828 1838 itive vibration x
188s
218s 211w substituent sens—
itive vibration u
256w 261w 255m 2508 vibration associated
with N02 group.
282 2758 28 3m 279w 282m 278m
293s
substituent sens-
SRIWE Svew 303m a0cn 29w itive vibration t
318w 315m | 311lm
317m
335m 326m 322w
) (Se=s)
342msh 350msh
361m 357w | 357ssh  351m 359m out-of-plane
Se~-C=N bend
38Tm
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.

N02 N02 H02 0021{
SeCN @ms@ CH, @s.as@ Assignment
i.2. Raman | i.r. Raman G Raman
DY onv DY
120m
142m 14Tmsh 144ssh 146msh
171msh 167msh 170ssh substituent sens-
1858 1828 176m 182ssh 1tive vibration x
1898
203vs ]
substituent sens-
224wsh 226w itive vibration u
vibration associated
256w 261w with NO, group
282m 275m | 283m 280w 281m 279m
substituent—sens-
307w | 303w itive vibration t
318w 315m 314m ‘
322m 327m 3348 331m
(Se-8)
346m 4
361m 35Tm 8
o1 = out—-of-plane
3781! 378' Se=C =N bend
393m 393m In-plane

Se=C =N bend




Table 6-5 see
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Infrared and Raman spectra of the selenocyanates and the products of
reaction with thioaromatics.

H02
ot

@D

Assignment
1.7% Raman 1:7% Raman
: bV A
120m
142m 142m
substituent-sensitive
171lmsh 168msh 172w vibEaiten &
185s 181s
256w 261w vibration associated
with N02 group
269msh 265vs
V(So—Se)
281s
282m 2758
substituent—-sensitive
g vibration t
318w 315m 318w
361m 357w out-of-plane
Se~C=N bend
393m In-plane Se~C =N bend
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Table 6-5 ese

Infrared and Raman spectra of the selenocyanates and the producte of

reaction with thioaromatics.

ozn@::‘.acn 0211@59&3 NO, Assignment
1.7 Raman i.r. Raman
[2)) DV
117m 110sh
158ssh substituent-sensitive
186s 194sh vibration x
substituent—sensitive
2358 23Tm 234m vibration u
vibration associated
2638 2668 with N02 group
2668
273m 272m Y (Se=Se)
286w 288s
301s 3058 substituent-sensitive
320w 329w vibration t
out—-of-plane
353s Se-C =N bend
400w In-plane Se~C =N bend




APREENDIX &

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
Preparatlion 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 reeconmmended

Procedures., 2
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A.1.1 PREPARATION OF ARYLTELLURIUMTRI HALIDES AND

DIARYLDITELLURIDES.

Asl.1.1 Phenyltélluriumtrichloride. 06H5T9013

Pant's method for the preparation of phenyltellurium-
4

trichlorlde was used,

A mixture of telluriumtetrachloride (3.4 g.) in triphenyl-
leadchloride (5.7 g«.) in dioxane (50 cm3) was stirred at roonm
temperature for four hours. The precipitated diphenyllead-
dichloride was filtered and the solvent removed under vacuun,
The white solid obtained was recrystallized, from bolling a
mixture of benzene/hexane to give phenyltelluriumtrichloride
(3465 g¢)s m.De 214-17°C. (1it, 215-18°C) 52

H_TeCl. requires C, 23.,15:

[Found C, 22.753 H, 14553 Te, 41,15 '06 5 3

H, 1.62; Te, 41.04 %]

Avl.1,2 Phenyltelluriumtribronine. CGHsTeBr3

To a cold solution of diphenylditelluride (0.81 g.) in
carbontetrachloride at 10°C, bromine in carbontetrachloride
was sloWwly 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 nixture
was continuously stirred for another thirty minutes, filtered
off and dried under vacuum, The product was recrystallized
from glaclial acetic acid. Yellow crystals (0.76 g.) were
obtained., m.p., 227-29°C. (lit., 227-29°C) 33
[(Found ¢, 16,153 H, 1.15; Te, 28,72 t CcH;TeBr, requires

2 3
Oy 16,21y H, Lildy Tey 28472 %]
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A.1.1.3 Diphenylditelluride. (06H5)2Te2

34

Morgan and Drew's method was used for the preparation

of diphenylditelluride.

Crude phenyltelluriumtrichloride (2.9 g.) was suspended
in water (20 cm3). The mixture was reduced by a solution of
potassium metabisulphite (5.3 g.) in water (10 cm3) which was
slowlf 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 Riqu) in a vacuum dessicator,

The ditelluride was then recrystallized from petroleunm ether
(30/40) and orange needle crystals (0.75 g.), which melted at
64-65°C (1it, 66—67°C)32’54were obtained,

[Found C, 35.80; H, 2,42 t G, H, ,Te, requires C, 35.19;

H, 2.46 % ]

A.1,1,4 p-Tolyltelluriumtrichloride. p—CH306H4T9013
p=Tolyltelluriumtrichloride was prepared from p-tolyl=-
mercuricchloride (3.2 go), tellurium tetrachloride (2.7 g.)

3 rofluxed foxr ome and a half heurs,

and dioxane 20 cm
The solution was cooled, the HgCl, sdioxane 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, Colourless
crystals were obtained (1.3 g.) m.p, 180-181°C (1lit, 181-182°C)?2
[Found C, 25.803 H, 2,063 Te, 39.02 3 C_H Cc1.Te requires C, 29.85%

y i
Hi 2«11 T6, 3927 %]
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Ael.,1.,5 p-Tolyltelluriumtribronmide. p-CH306H4TeBr3
Bromine in carbontetrachloride was slowly added t0 a
solution of bis=p-tolylditelluride (l.24 g.) in carbontetra-
chloride which had been eooled to about5°C 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
precipltate was filtered off, dried and recrystallized fronm
glacial acetic acid to yleld yellow plate-like crystals (0.90 34)
which melted at 214-215°C dec, (1lit. 215-216“0)33
[Found C, 18.60; H, 1.70; Te, 27.97: C.H,Br,Te requires

OB <
C! 18033: H, 1054; Te, 27.84 f;]

Ael.1.6 Bis-p-tolylditelluxr
g=p=tolylditelluride, (p—CH306H4)2T92

A sinilar procedure as that used ia 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 recrystallized from petroleum cther (30/40).
meDs 51=52°C (1it, 52.-5"0)32
[Found €, 38,203 H, 3.27: C, 4By 4T, requires C, 38.43;
Hy 3423 %]



Acl.1sT p=Anisyltelluriuntrichloride. p—-CH3006H4TeCI3

A mixture of anisole(l0.4 gz.), tellurium téetrachloride
(1345 g+) and dry chloroform or drf carbon tetrachloride (lOOcm3)
was refluxed in a water bath for two hours., The yellow
Plate crystals obtained (1l0.5 g.) were recrystallized from
dry chloroform to obtain yellow plates which melted at 190°C,
(11, 190%0) 33536
[Found ¢, 24.4; H, 2.10: C,B,C1,0Te requires C, 24,64

Hy 2.07 %]

A.1,1.8 p=Anisyltelluriumtribronide. p~0H3006H4TeBr3

P<Anisyltelluriunmtribromnide was preparcd as follows:
Bromine 1n carbontetrachloride was slowly added to an ice-cold
solution of bis-p-anisylditelluride (l.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 from glacial
acetic acld and yielded yellow crystals (l.16 z.) m.De 137=81°C
(11t. 188-890¢) 27

[Found €, 17.65; H, 1432 c7H73r30Te requires C, 17,71; H, 1.49 % ]

A.l41.9 Bis-p-anisylditelluride. (p-CH3OCGH4)2T92

p~Anisyltelluriumtrichloride (5.0 g.) was reduced by
potassium metabisulphite (4.0 g.) at 0°Cs The deep brown
needle crystals of the dltelluride (1.5 g.) were obtained

after recrystallization froa petroleum ether (40/60°¢), The
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5,36
bis-p-anisylditelluride has a m.p, 58-59°C.(1lit. 60°C) 2ine

[Found €, 35.563 H, 3.10 01431402T92 requires C, 35.,81;
H, 3.0l %]

A.1.,1,10 p-Phenetyltellurlumtrichloride. p-02H5006H4‘1‘eCI

3

Phenctole(17.0 g), telluriumtetrachloride (12.0 g.)
and dry chloroform or dry carbontetrachloride (100 cm3) were
mixed together and refluxed in a water bath for two hours.
Yellow crystals (14.5 g.) were obtained which nelted at
181-182°C, (1lit, 182-183°¢) 35,36
[Found C, 26.95; H, 2.54: GBH93r30Te requires C, 27.05;

H, 2.56 % ]

Avlels1ll p=Phenetyltelluriumtribroanide. p-C?H5005H4T93r3

Bis-p-phenetylditelluride (2,0 g.,) was reacted with
excess bronine in carbontetrachloride. The tribronide product
was recrystallized from glazial acetic acid and yellow crystals
were obitaineds m.p., 198-204° (1it. 195-205°C) 31
[Found C, 19.4; H, 1.92; Te, 26.10: 08H9]3r30"['e requires C, 19.603
H, 1,863 Te, 26:13 % ]

AvLl.1,12 Bis=p-phenetylditelluride. (p~0285006H4)2T32

A similar procedure as that used in the preparation of

Bis~p-anisylditelluride was employed,

p-Phenotyltelluriunmtrichloride (6.0 g.) was reduced by

potassium metabisulphite (1143 z.). The golden crystalline
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ditelluride (2.4 g.) obtained had a melting point 106-107°C
: 6ny 39450

(11t. 107-108°C)

[(Found ¢, 38,70; H, 3.70: C, cH,g0,Te, requires C, 38.62;

Hy, 365 %]

Av1.1.13 p-Phenoxyphenyltelluriumtrichloride, p—C6H5006H4TeCI3

A mixture of diphenylether (18.7 g.), telluriumtetra-
chloride (23.8 g.) and dry chloroform (15 cm3) 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 obtalined
were recrystallized from carbon tetrachloride and were found
to melt at 155-156°C (1it. 156=-157°C) 28
[Found C, 36.10; H, 2.20; Te, 31.46:C._H.Cl.0Te requires

g " g
cl 35!74= H’ 2.25' Te, 31-65 %]

A.,1.1.,14 p-Phenoxyphenyltelluriumtribronide. p—CH 006H4TeBr

) 3

Bis=p=phenoxyphenylditelluride (0,68 g,) was reacted
with excess bromine in carbon tetrachloride, The tribromide
(L1425 go) was recrystallized froa glacial acetic acid to yield
yellow crystals which melted at 205-205°C (lit. 206-207°C) 1
[ Found €, 264553 H, l.66; Te, 23.T2=012H93r3OTe requires
Cy 26,853 H, 1469 Teo, 23.78 % ]

Avl1.1,15 Bis=-p-phenoxyphenylditelluride. (p-06H5006H4)2T92

p=-Phenoxyphenyltelluriumtrichloride (4,0 g.) was reduced

by potassium metabisulphite (6.6 g.) to yleld deep violet
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o a00 3?
crystals (3.0 gs) which melted at 85-87°C (1it. 87-88°C)
[Found ¢, 49.10; H, 3.,05:¢C
Hy, 3,06 %]

. | =4
24818027, requires C, 48,553

Avl,1.,16 p-Thiophenoxyphenyltelluriumtrichloride., p~06H5806H4T9013

A solutlion of 9,3 g. diphenylsulphide and 13.5 g.tellurium-
tetrachloride in 20 cm3 dry chloroform was refluxed for
forty hours, during which time hydrogen chloride was
evolved, The dark crystalline product obitained was dissolved
in benzene and precipitated with petroleum ether (40/60).
The crude trichloride (8.9 g.) was purified by recrystallis-
ation from glacial acetic acid or froa a mixture of henmeno
and petroleum ether (40/60) as dark yellow ncedles m.p,164-1565°C
(11t 164,5-165.5°¢) A
[Found ¢, 34.25; M, 2,13:C _H Cl.Te requires C, 34.37;

12793
Hiysooly a4

Av141417 p=Thiophenoxyphenyltelluriumtribronide. P-C6H5506H4T93r3

To a cold solution of 0.63 g, di-p-thiophenoryphenyl=-
ditelluride was added dropwise with stirring excess bronine
in carbon tetrachloride. The product (0.84 g,)was recrystallized
from glacial acetic acid to yield Yellow-orange plates
which melted at 205-206°C {1i%. 206-207°C) 31
[(Found €, 26.15; H, 1.67: 012H9Br3STe requires €, 26.07;
H, 1.64 %]

A¢141,18 Bis=p-thiophenoxyphenylditelluride. (P—06H5306H4)2T92

p-Thiophenoxyphenyltrichloride (4.2 g.) was added to
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hyirated sodium sulphide (Na,S.9H,0 ) and heated at 95-100°C
for fifteen minutes., The reaction was exothernic 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 recrystalllsod from petroleun
ether (40/60W)to yleld red needles which melted at 88-90°C
(1it. 89-90°¢C) 51

[Found ¢, 45,90; H, 2,801 C,yHygS,Te requires C, 46,073

H, 2:90 %]

A«l.1.19 p=Bromophenyltelluriumtrichloride. p—-BrCSH4TeCI3

Tellurium tetrachloride (270gs) and bromobenzene (150 cm3)
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 a,p. 209°C dec.

(1its 210°0) 29
[Found ¢, 18430; H, 0.97: CgH,Br,Te requires ¢, 18.48;

H| 1.04 :?_‘]r]

A.1.1.20 p=Brononphenyltribromide. p-BrQﬂ%ﬁeBr3

Bromine in carbontetrachloride was slowly added to a
cold solution of di-p-bromophenylditelluride (0.57 g.) in
carbon=-tetrachloride, The yellow Drecipitate wrs recryst=
allized from glacial acetic acid m.,p. 223=5°C,

[Found ¢, 13,62; #, 0,70: 06H4Br4Te requires €, 13,76;
Hy 077 % ]
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A.1.,1,21 Bis-p-bromophenylditelluride. (p—Br06H4)2T92

p-Bromophenyltelluriumtrichloride 3,90 g. (0.01 mol.)
2 G R cm3 of ethanol was slowly added to a refluxing mixture
of hydrazine 3,2 g.’(O.l mol,) in 20 cm3 of ethanol, 1In the
beginning every addition resulted in a vigorous evolution of
N2 + When this evolution had ceased the mixture was filtered
whilst still hot. On cooling (finally to -25°C) ditelluride
erystals separated me.p, 161-162°C (lit. 162-163°C) 4
(Found C, 25.15; H, 14308 C, HgBr,Te, requires C, 25.40;

H, l.42 %]

Avl.2 PREPARATION OF DIARYLTELLURIUMDICHLORIDE

AND DIARYLDITELLURIDE.

A¢l,2,1 Di-(p-nethoxyphenyl)telluriundichloride. (p~CHOC,H, ) TeCl,

Di-p-methoxyphenyltelluriundichloride was prepared
from the reaction of anisole and telluriuntetrachloride

using the method described by Kellett 35

Telluriumtetra=
chloride (15 gs) and anisole (30 g.) were heated for
twenty-four hours at 150-180°C., The solution was +hen
allowed to solidify in vacuum. The erystalline product
which separated was recrystallized from benzene/petroleun
ether (40/60) to give colourless prisms. Yield 12.9 g.
mep. 181°C (1it, m,p. 181-182°¢) >

[Found C, 40.81; H, 3.48; Te, 30,91: C, H ,Cl,0,Te requires

1414 2°2
C, 40073} H, 3.42] Te, 30493 %]
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Ael.2.,2. Di(p-methoxyphenyl)telluride, (p—CH.OC6H4)2Te

3

The di(p-methoxyphenyl)telluriumdichloride (10 g.)
was dissolved in benzene (50 cm3) and a saturated solution
of potassium metabisulphite (60 cm3) was added to it and then
the mixture was stirred for four hours at room temperature,
The organic lajer 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.
nep. 5490, (Lit, 53-54°C) 0
[Found C, 49.30; H, 4.%; Te, 3T.14: C14Hy40,Te requires
C, 49,18y H, 4.13; Te, 37435 %]

Av1.2.3. Di(p-ethoxyphenyl)tellurium dichloride. (p—CQH5006H4)2TeC.|2

The di(p=ethoxyphenyl)telluriumdichloride was prepared
following the method of Morgan & Drew, ? Tellurium
tetrachloride (22 g.) was mixéd with phenetole (95 gs)
and the mixture was refluxed for eight hours at 180-120°C
in an oil bath., Hydrogen chloride was evolved and the
addition of petroleum ether to the mixture when cold
caused the deposition of bls<p=phenetyltelluriumdichloride;
which was purified by recrystallization from methanol,

The dichloride formed colourless, glistening, prismatic
needles. Yield 20 g. m.p, 108°C (lit, 108°c) 4°

[Found C, 43,203 H, 4,163 Te, 28.89: C, ¢H,gC1,0,Te requires
C, 434,593 H, 4,123 Te, 28.89 %]
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A.l.2.4., Di(p-ethoxyphenyl )telluride. (p-02H5006H4)2T9

The di(p-ethoxyphenyl) telluride (15 g.) was dissolved
in benzene (80 cm3) and to this solution a saturated solution
of potassium metabisulphite (60 cm3) was added and the nixture
was stirred for six hours at room temperature. The organic
layer was separated and washed three times with distilled
water., The organic layer was evaporated under vacuum and
the residue was crystallized frc;m aqueous methanol, Yield(1lO0 g.)
mspe 64°C (1lit, 64°C) i
[ Found ¢, 52.25; H, 4.98; Te, 34,46:¢C

C, 51.95; H, 4.91; Te, 34.52 %]

16H1802T° requires

Adle3, PREPARATION OF SULPHUR CONTAINING LIGANDS

/

NNN N Tetramethyldithio-oxamide was prepared by reaction

LAY
of NNN N +tetramethyl-oxamide with phospherus pentasulphide

using an analogus preparation to that described by Hurd 1

Y 4
for the preparation of NNN N tetraethyldithio-oxanide.

g
Avls341. Preparation of NINN N Tetramethyl-oxamide
(0113)2-11-(':.0

(0H3)2 -N=-C=0

A solution of 250 cm3 (

3

4,0 mol,) of dimethylamine in

42 reien 341 mels)

3400 em” of dry benzene was prepared ,
of oxalylchloride in 1500 cm3 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
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dimethylaminehydrochloride was filtered off and the benzene

solution of tetramethyloxamide evaporated under vacuum to
give 82,0 gs of crude product. Recrystallisation from

4
dry diethylether gave white needles m,p. 79°C (lit. 80°C)
[ Found C, 49.65; H, 8.10; N, 19.20306§ug202 requires
c' 4909?' H' 8-403 N' 19.44 %J

7y
Aelade?2 Preparation of NNN N Tetramethyldithio-oxanmide,

(cH,), - ¥ - C=s
(CH,), =N =C = S

3)2
? N

NNN N Tetramethyloxamide (10 g.) in 150 en> of dry
xylene was heated to reflux and phosphorus pentasulphide
6:2 go (044 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. Recrystallisation from dry ethanol gave yellow
needles: m.P. 137°C (1it. 137°C) A8

[Found C, 40.55; H, 7.36; N, 15.89:06H requires

12825
Cy 404913 H, 6.87; N, 15,91 %]
T
Aeli343, Preparation of NNN N Tetraethyldithio-~oxamide,
(02H5)2 - N - ? =85
(0235)2 ~-N=-C=S§

4
Tetraethyloxamide 3 was first prepared fronm
diethylamine and oxalylchloride and the product reacted
wlth phosphorus pentasulphide to fornm tetraethyldithio-

26
oxamide as described by Hart et, al. a modification

2
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of the method fiikst descrided by Hurd ot. a1a41

Tetraethyloxamide was prepared by the slow addition
of oxalylchloride 100 ge (048 mol,) to a xylene solution
(790 cm3J of diethylamine 324 cm3 (302 mol,). The mixture
was cooled in an ice bath during the addition. After
setanding 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
713 g (0432 mol,) of phorphorus pentasulphide in snall
increments, The mixture was then refluxed for a further
four hours, cooleéd and filtered. The xylene solution of
NNNfN’ tetraethyldithiooxamide evaporated under vacuun
to give 140 g. of a£ olly brown solid., This product was
purified by treatment in a hot ethanolic solution with
charcoal and recrystallization from ethanol gave 106 g.
of a white golid, m,p. 88-89°C (1lit., 88-90°C) i
[Found C, 52,05; H, 8.65; N, 12,05: ColagNoS, requires
C, 514723 H, 84703 N, 12,07 %1

Acle3.4, Prepération of NN dimethyldithio-oxanide
i

(9]

H = 5

N
3‘%"
/

NN dimethyldithio-oxamlide was prepared by reaction

C
I
CH C=25

of dithio-oxamide 12 g. (0el mol,) with 6.2 g. (0e¢2 mol,)

of methylamine in 60 cm3

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, mepe 138°C (1lit. 140°C) 41, 44
[Founa C, 52.63; H, 5.52; N, 18,82; C4Hgli,S, Tequires

Cy 32,423 H, 5.,44; N, 18,91 %)



APPENDTIX 2

A new rapid procedure for the determination
of tellurium content in organotelluriunm
conpounds by using Atomic absorption

spectroscopy.
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Av2.1 IJTRODUCTION

Since a large nunber of organotellurium compounds were
being prepared during the course of practical work; a new
rapid procedure for the determination of the tellurlium content
was desired. Broadly there are three types of analytical
methods available for the determination of tellurium;

gravinetric, titrimetric and spectrophotonetric,

A gravimetric method for the analysis of tellurium in
organotellurium compounds was developed by Drew aund Portcr. 30
This method is applicable to alkyltellurium compounds only.,
Also a new gravimetric method was developed by Tsao 188which
involves fusion of the organotellurium conpounds with sodium
peroxide in a Parr bomb, The product obtained was finally
reduced to tellurium metal and welghed. This method applied
to all types of organotellurium compounds. The only
disadvantaze is that it involves a very tedious procedure.
The particles of tellurium o:xidise leading to high results,

A titrimetric method was developed by Kruse et al, i g
The sample was decomposed, first by heatiag with T0% nitric
acid and then with a mixture of 30% aitric acld and TO%
perchloric acid, To this final solution a known excess of
iron (II) ammoniunm sulphate solution was addec, and using
standard potassium dic hromate, back titration was performed., The
Kruse et al method is less tedlous than Tsao's method but 1t
1s subject to more errors and requires more samples for each

190

analysis,



A spectrophotometric method for analysls ol telluriun
in alloys by using atonic absorption spcctroscopy, has been

191'192. liong of these nethods foxr the breparation

reported
of sample solutions can be used to prepare a suitable solution
of organotellurium compounds. Adaptation of this ncthod for
aryltelluriumtrihalides was described by Shavornyutikarnl9o.

A 15-50 ng. sample was decomposed with a nixture oi 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 1ln a very efficient funme-
cupboard, for one and a half hours. The white residuec

obtained was dissolved in warm distllled water and 0.5 cn?

of hydrochloric acid and the solution was then made up to

an exact volume in a volumetric flask (50 cm3). The absorption

of this solution was recorded by atomic absorption spectro-

photometry.

In the modification described herezl2 the oxygsen flack
technique is used to decompose the organotellurium compounds
and then the tellurium solution produced is submitted to atonic
absorption spectrophotometry. Various organotellurium compounds such
ag diaryltellurides, diaryltelluriumdichlorides, aryltelluriun=-
trihalides, aryltelluriumtrihalide comnple:tes and tellurium-
tetrahalide complex with sulphur donor ligands were used in

order to evaluate this nmethod,

The oxygen flask method193"207 is a well Lnowvn procedure

for the decomposition of organic nmaterials,
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194
In 1892, Henpel introduced the method of
oxygen flask combustion of organic materials ifor 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 lLitre bottle which had been filled
with oxygen., Meslans 195 in 1893 suggested a method for the
determination of fluorine in gaseous alkyliluorides whereby
the gas would be fed into a partially evacuated flask
containing oxygen. Graefe 198 in 1904 recomnended the use
of cotton thread or filter paper as a fuse instead of
electrical ignition, and provided oxygen froa the sodiun
Peroxide in the absorbing solution, Using this method the
determination of halogens was first developed by larcusson
and Doscher L3 « A large separating funnel, as a combustion
vessel, was used by Votocek 498 in 1922 so that the absorbent
could be more readily transferred to a coavenient flask for

titration, The determination of chlorine was obtained this

way. Roth L in 1950 deternined traces of sulphur by
- 200,201
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 fron 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,

20
boron, zlnc, cadnium and magnesium complexes 3 » calcium,

204 205

cobalt and barium complexes , cOpper y manganese and
206 207

nickel , and seleniunm but the latter element is said

to attack the platinum gauze and this leads to inaccurate

results,
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Organic tellurium conpounds can be deternined by a
very simple procedure based on the titration, gravimetric
or spectrophotometric metthBT“lgq The oxygen flask technique
1s 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 aryltelluriumtirihalides,
diaryltelluriumdichlorides, diaryltelluride, aryltelluriumn=-
trihalides complexes with sulphur donor ligands and tellurium-

tetrahalide conplexes such as RTeXB, RzTemg, R?Te, RTeX . tedto

3

RTeX3tmdto, RTe(ttz)Ix3 and Tex4tmdto where X = Cl, B8r or I,

/ /
p-GGHSSC6H4’ P'Br0634y tedto is NNN N tetraethyliithlooxamide,
tndto is NYI N tetramethylaithiooxamide and ttz is thiasolidine-

2-thione were studied in order to evaluate the unethod,

As2.2 : EXPERIMENTAL

Ae2:,2.1 The instrument

The Perkin-Elmer Model 303 Atounic Absorption spectro-
photometer (Fig.A2-1/2) equipped with a reruin-Dlaner recorder
Model no., 56 and a Fischer-Porter Burner regulator (Fig. A2-3)
[air flow rate 9 acetylene 7-8] was used for the analysis of
the tellurium content in the organotellurium conpounds. This
instrument 1s a double-bean ac systen type, The iastrumcnt

is represented in diagramatic form in fizs. A2-2/4.2°3'2m
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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 then they pass through a
monochromotor to a photomultiplier detector, After this the
signal is separated into sanple and reference channels by
a vibrating-reed chopper. The reference voltage ic then
attenuated by a slide-wire and recombined with the sanple
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~wlre 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.

As2,2.2 The procedure for the determination of the Absorbance

in atomic absorption spectrophotometer Illodel 703,

The operating procedure and the problems cncountexed arisling
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 curreat of the
lamp was 10 mA, After warming up the lanmp and tie instrunent
for thirty minutes, a wavelength of 214,2 nm, slit 4, raage U.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 aaxinua detection (to the

right on the emergy meter).

The flowmeter was adjusted to alr and acetylene at
9 and 7-8 respectively, After lighting thie flanme, distilled
water was asplrated and the zero control was adjusted to
bring the neter to zero detection at 0,00 absorption readlng.
The scale of expanslon and noise suppression were sclected on

a Perkin-Elner recorder (Model 40.56).

The standard and sample solutions of tellurium were
analysed by the instrument., The absorptions were obtainoed
eilther from the absorption scale, by bringing the aneedle of
the zero meter to mero or from 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 pg. 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, 2-1,
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A.2.2.3 Apparatus for the oxygen flasik method.

A conical flask (500 cn})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
fig.A2-5 and a l.5 x 2.0 cm? oblong platinum gauze (36 mesh)
was spot welded to the wire. The length of the wire should
be about 5 em so that the gauze was positioned just below the

centre of the flask. The edge of tlie gauze should be turned

over or welded in order to hold the paper securely.

The standard (Analar telluric acid) was wWeighed by using
a"8tanton" balance but the saaples (organotelluriunm compounds)

were weighed by using an " oertling micro balance lodel 147",

Analar telluric acid (purity 99.5%), as standard, was
obtained from Hopkins and Williams Ltd, Hydrochloric acid
(Analar) and hydrogen peroxide (50%) wecre obtained fronm

Fisons Ltd,

A.2.2,4 Preparation of the standard tellurium solution,

The stock solution of 1000 pg Te/ml. was preprred by
dissolving telluric acid 1,7951 g, with distilled water in a
one litre volumetric flask containing concentrated hydro-
chlorio acid (10 ecm3). 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 pe 1 mle. and
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a typical calibration curve is shown in figure A.2-0

Ae?24245 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 Whaiman Mo, 42 filter paper
which has a 3 cn fuse protruding (fiz.A2-5). The paper was
wrapped up carefully and secured in the platinum hinge which

I

had previously been heated to redness and cooled., 15 cm
distilled water, 1 cm3 of (50%) hyirogen pero:ide 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 3E WORN DURING THE NEXT OPERATION]. The filter
paper and sanmple were ignited and the stopp r was laserted
quickly aad the flask was iaverted, 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 internittently for about 10-15 minutes, until all the
combustion products appeared to have been dissolved and then
they were transferred to a volumetric flask (50 cm3). The
stopper and gauze were washed with 5 c:13of iistilled water
three times in orier to make sure no solutions vere left
undissolved, The volume was made up to 50 ca3 with distilled

water,

The solutions of the standard and the unknown 4,602 ns.
(p—06H5006H4T9013tedto) were analysed by axn atomic absorption
spectrophotometer to determine the absorption, and the resultis

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 pg/ml. x 50 ml. x 100

The Te percentage = 3
0.004602 x 10" pg

The Te percentage = 20.10

The other samples Wwere analysed using the same procedure

as above and the results are shown in tables A.3-3/4/5.

Av2.3 DISCUSSION

In general to decompose aryltellurium compounds, a
mixture of concentrated nitric and sulphuric acids or
concentrated nitrlic and perchloric acids nay be used, a tine

138,199
consuming process which is usually two to three hours, t is
difflcult to evaporate sulphuric acid at a low temperature in

o
a short time because it has a high boiling point 338 C., The
mixture evaporates at a high temperature, when the rate of

evaporation is increased it may causc the loss of the sample.

Organotellurium compounds have been decomposed by
a alxture of concentrated ailtric and perchloric acids
The welght of the samples used Were between 15-50 mg, and the

1
time taken to decompose about one and a half hours.90

The disadvantage of the acid method of deconposition for
the analysis of tellurium is that the deconposition of the

compounds by a mixture of concentrated nitric and perchloric
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acids is potentially dangerous due to the explosive naturec

of perchloric acid.

"Analar" telluric acid (H6Teo6) was used for the
preparation of the standard solution which was nore convenient

211
than the recommended method, of using telluriunm netal,

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 solutioa,

The two nethods of decomposing the organotelluriun
conpounds vere compared, The first method takes one and a
half hours using concentrated nitric ai1d co.centrated perchloric
acids (sample weight 15-50 ag.), and the oxygen flask method
takes only thirty minutes using a sanple 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
flaslt technique followed by atomic absorption spectrophoto-
metry has found to be successful as showa in tables A,2-3/5,
A wide varicty of tellurium compounds containing between 13-42%7c.
were analysed by this method, Diarylditelluride (such as di-

p-anisylditelluride) were not completely oxidised however,

Presunably, they were not decomposed,

Nine analyses of tetraethyldithio-oxamide complex with

P-phenoxyphenyltelluriumtrichloride were obtained. The standard
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deviation and coefficlent of variation are V.1l and 04553
respectively as equation 1 and 2 (see table A.2-0).
- 2
s . || 2(x -x) Ll (1)
n=-=1
1008 L . g 8 8 (2)

X

where S = standard deviation

<X
=)

x = the mean value ( =
x = the true value

n = number of determination
¢ = coefricient of variation

From table A.,2-T7 and equation 1, standard deviation of 0.23

for forty-one other samples (such as aryltelluriumtrihalldes,
diaryltellurides, diaryltelluriumdichloride, aryltellurium-
trichloride complexes with sulphur donor ligands and

tellurium tetrahalide complexes) was obtained,
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Fig. A.2-3

Fischer-Porter Burner for the Perlkiian-Dlaer !lodel

505 double bean spectronhotonetor.



280 -

queuUNIJSUT 2yl JO

M» -L_-rH»—o H

HEIAN
nn

r—." L9 L]

15

il

-~

.Lu...l_r.r

0LV
YUIAITINY

Y

ik

_ -0 U] ooﬂ 1

1

HIDEHTEAVE

upIleIp Ho01IQ y=2V *d1d
qTLEN
Xoumn
- + LN
i " ~ |
LOd | m m
pg | :
|
|
G811 “ —
UOLVEVIES T
TVRDIS ¥
ZTANVS
JoiIIgiic oEy HEITUNG o YIII0HD ad¥nos
HVEC DITIIIVS DIIIVION TVYL0ZIS
NYET
dONEHEITY




(v)

- 281 -

COMBUSTION OXYGEN FLASK APPARATUS:

Figure A,2-5

Ashless filter paper used for wrapping sample with
fold lines indicated.

Conical flask with platinum sample holder.
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Table A 2-1VALUES OF ABSORBANCE FOR PER CENT ABSORPTION

 convert per cent absorption (%A) to absorbance, find the per cent absorption to the nearest whole digit
the left-hand column; read across to the column locoted under the tenth of o per cent desired, ond read
» value of absorbance. The value of absorbance corresponding to 26.8% absorption is thus 0.1355.

Vo e R 2 g 4 5 6 3 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 031
0315 .0320 .0325 .0329 .0334 .0339 .0342 .0348 .0353 .0357
.0362 .0367 .0372 0376 .0381 .0386 .0391 .0395 - .0400 .0405
.0410 0414 .0419 .0424 .0429 .0434 .0438 .0443 .0448 .0453
.0458 .0462 .0467 .0472 .0477 .0482 .0487 .0491 .0496 .0501
.0506 L0511 .0516 0521 0526 .0531 .0535 .0540 .0545 .0550
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TABLE A.2-2

Analytical data for D-CGH5006H4T9013tedto
_f Assorgsien Ahao:;tion wt. of
Solutions ey ond. Absorbance| reading gample
[Reading|Reading Average from the | in mg.
graph
standerd 5 ug/ml 1.0 8.0 Ts5 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.l 22,0 | 22.0 | 22.0 0.1079 18.5 | 4.602
sample No.2 22,0} J22a | 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 21,01 21.0. ] 21:0 0.1024 17.5 4.412
sample No.7 18.0 | 18.0 | 18.0 0.0862 15.0 3.808
sample No.8 21.01 2.0 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

P 4

Determination of tellurium in NNN N tetraethyldithio-oxamide
complexes with p-phenoxyphenyltelluriumtrichloride

(p—06H5006H4TeCI3tedto)

Compound Te$ obtained Te% calculated
Sample No.l . 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 amalyses

as shown in table A, 2-5.
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TABLE A.2-4

Analytical data for organotel luriun coapounds

% Absorption Abaoz;tion wt. of

Solutions 15t tha s Absorbance reading | sample
Reading| Reading Average from the |in mg.

graph

CgHyTeCl TP | 37.0" 1 2370 0.2007 33.2 | 4.034
C¢HyTeBry 42.0 | 42.0 | 42.0 0.2366 39.6 | 6.896
P=CH,CH, TeCl , 42.5 | 41.5 | 42.0 0.2366 39.6 | 5.074
P-CH,CcH, TeBr, 43.5 | 42.5 | 43.0 | 0.2441 40.5 | 7.240
P=C,H 00 H, TeBry 43.0 | 43.0 | 43.0 0.2441 40,5 | 7.758
P~CgHg0CgH,TeCl, 43.0 | 43.0 | 43.0 0.2441 40.5 | 6.436
P-CgHs0C,H, TeBry 42.5 | 41.5 | 42.0 0.2366 39.6 | 8.348
(p-CH,0C(H,~),TeCl, | 42.0 | 41.6 | 41.8 0.2351 39.5 | 6.388
(p-023500634 ),TeCl, | 40.0 | 40.0 | 40.0 0.2218 37.0 | 6.404
(P-CH,0C4H =), Te 41.0 | 42.0 | 41.5 0.2328 39.0 | 5.250
c6H5Te013tedto' 16.0 | 16,0 | 16.0 0.0757 14.0 | 3.002
C4H TeBr tedto 25.0 | 25.0 | 25.0 0.1249 21.0 | 5.504
P-CH,C.H, TeCl tedto | 27.0 | 27.0 | 27.0 0.1367 23.75 | 5.198
P-CH,CcH, TeBritedto | 29.0 | 28.0 | 28.5 0.1457 24.0 | 6.540
P=C¢H;OCGH, TeCl tedto| 23.0 | 23.0 | 23.0 0.1135 19.5 | 4.852
P-C4H 0CH, TeBr tedto| 21.0 | 21.0| 21.0 0.1024 17:5 |:5.378
P-CgH SC.H, TeCl tedto| 25.0 | 25.0 | 25.0 0.1249 21,0 | 5.273
P-CgHSCeH, TeBrytedtol 24.0 | 24.0| 24.0 0.1192 20.25 | 6,056
P-BrCqh, TeBr,tedto 20.0 | 20.0 | 20.0 0.0969 16.5 | 4.868
TeCl, tmdto (i 21.0 | 27.00f 270 0.1367 23.75 | 4.102
' TeBr, tmdto 23.0 24.0 23.5 0.1163 19.5 4.782
CgHsTeCl ytmdto 24.0 | 23.0( 23.5 0.1163 19.5 | 3.730
CGH5TaBr3tmdto 28.0 | 27.0)| 275 0.1397 24.0 | 5.996
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b % Absorption Abaorp?ion wt. of
Solutions Tat. 2nd. | Average Absorbance reading gample
Reading |Reading | fr;zazie e
p—CH4CH, TeCl, tmdto 27.0 | 27.0 27.0 0.1367 23.75 [4.720
p~CH,CH, TeBr tmdto 29.0 | 29.0 | 29.0 0.1487 25.0 |6.240
p-CH3OCGH4TeCI3tmdto 25.0 26.0 25.5 0.1278 ; 21.5 4.326
P-CH,0C,H, TeBrytmdto | 27.0 | 27.0 | 27.0 0.1367 ? 23.75 |6.032
P-C,H OC.H, TeCl, tmdto | 24.0 | 24.0 | 24.0 0.1192 |  20.25 |4.184
p=C,H 0C.H, TeBrytmdto | 26.0 | 27.0 | 26.5 0.1337 é 22,75 |5.980
P-CgH OC H,TeCl s tmdto | 26,0 | 25.0 | 25.5 0.1278 i 21.5 |4.850
!
P=CgHsOCcH, TeBr tndto | 24.0 24.0 24.0 0.1192 | 20.25 |5.802
P=C¢H SC.H, TeCl ;tmdto | 23.0 | 23.0 | 23.0 0.1135 | 19.5 |4.620
Te(ttz)2014" ! 24.0 | 24.0 | 24.0 0.1192 | 20,25 | 4.004
Te(tts)23r4 23.0 | 23.0 | 23.0 0.1135 19.5 5.276
Te(ttz)214 32,0 31.0 31.5 0.1643 27.25 |9.226
Te(ttz)4012.H20 24.0 | 24.0 | 24.0 0.1192 20.25 |5.558
Te(ttz)33r4 26.0 26,0 26.0 0.1308 235 T.254
p—CH3006H Te(ttz) 4By | 20.0 20.0 20.0 0.0969 16.5 6.166
C Hg0C4H, To(ttz)Cl 24.0 | 24.0 | 24.0 0.1192 20.25 | 3.816
p-C6H5006H4Te(ttz)2013 29.0 30.0 | 29.5 0.1518 25.25 |6.474

# tedto is NNN N tetraethyldithiooxamide
s 7/

/

¥

% % tmdto is NNN N tetramethyldithiooxamide

# » x ttz is thiazolidine—-2-thione
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TABLE A,2-5

Determination of tellurium in organotellurium compounds.

Compounds % Te % C % H % N

CgHyTeCl 41.15 22.75 1.55

(41.04) (23.20) (1.60)
CgHgTeBry 28.72 16.21 1:11

(28.72) (16.20) (1.15)
P-CH,CgH, TeCl 39.02 25.85 2.05

(39.27) | (25.90) | (2.10)
p~CH,C¢H, TeBr, 27.97 18.65 1.65

(27.84) (18.30) (1.55)
p—C,H0C4H, TeBr, 26.10 26.95 2.56

(26.13) (27.10) (2.55)
P-CgH0C4H,TeCl, 31.46 36.05 | 2.20

(31.65) (35.80) | (2.25)
P-C4Hs0C4H, TeBry 23.72 26 .55 1.67

(23.78) (26.50) (1.70)
(p—GH3OG6H4—)2T0012 3091 40.81 [ 3.48

(30.93) | (40.73) | (3.42)
(P*CH3006H4-)2T9 37.14 49.30 4.30

(37.35) (49.18) (4.13)
(p—02H5006H4—)2T0012 28.91 43.20 4.16

(28.96) | (43.59) | (4.12)
(p—02H5006H4-)2Te 34.46 52.21 4.92

(34.52) (51.55) (4.91)

(23.50) (35.35) (4.64) (5.16)

(18.87) (28.38) (3.73) (4.11)
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Table A,2-5,,.,
Compounds ; b Tem___mm_;iéhﬂ '_i—ﬁ o % N ]
. e . |
| p—CH3d;£;£;61$;;dto -52.84 36.14 4.89 5.12 ]
(22.91) (36.62) (4.89) (5.01)
p-CH30634TaBr3tedto 18.35 29.86 4,22 4.19
(18.48) (29.55) (4.00) | (4.06)
p-C6H5006H4TeCI3todto 20.10 41,86 5.02 4.46
- (20.03) | (42.17) | (4.67) | (4.47)
p—063500634TeBr3taaxo 16.34 34.58 3.70 3.79
(16.61) (34.36) | (3.82) | (3.79)
P-CgH,SC4H, TeCl tedto 19.91 40.84 4.64 4.41
(19.54) | (40.55) | (4.49) | (4.30)
p—CgH;SC4H, TeBr tedto 16,72 33.22 3.70 3.53
(26.27) (33.66) | (3.72) | (3.57)
p-Br06H4TeBr3tedto 16.95 25.93 3.51 3.72
(16.89) (25.42) (3.20) (3.71)
TeCl,tmdto 28.95 16.50 2.80 6.00
(28.65) (16.17) (2.72) (6.29) |
TeBr, tmdto 20.39 12.15 2.11 4.19
(20.47) (11.55) | (1.94) | (4.49)
CgH TeCl stndto 26.15 29.63 4.22 5.75
(26.20) (29.57) (3.91) (5.75)
06H5TeBr3tmdto 20.01 23.89 3.36 4.60
(20.57) (23.21) (3.07) | (4.51)
p~CH,CgH, TeCl, tmdto 25.16 31.37 4.22 5.73
(25.47) | (31.14) | (3.80) | (5.59)
p~CH,CcH, TeBr,tmdto 20.03 25.28 3.50 4.37 |
(20.12) (24.60) (3.00) (4.41)
p—CH,0C,H, TeCl ytmdto 24.85 30.61 3.70 5.73
(24.68) | (30.17) | (3.70) | (5.42)
p—CH3006H4TaBr3tmdto 19.69 24.10 3.21 3.91
(19.62) | (23.99) | (2.95) | (4.31)
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Required values in parenthesis
’

tedto is NNN N~ tetraethyldithio-oxamide
.

tmdto is NNN N tetramethyldithio—oxamide

ttz is thiazolidine—-2-thione

Compounds % Te % C % H % N
P~C,H;0C H, TeCl stmdto 24.20 32.52 4.31 | 5.51
(24.03) | (31.64) | (3.94) | (5.27)

P=C,H 0C(H, TeBr tdto | 19.02 | 26.07 3.5 | 4.4
(19.21) | (25.29) (3.19) | (4.21)

p~CgH;0C¢H, TeCl ytmdto 22,16 37.87 3.89 4.41
(22.04) |« (37.31) (3.66) (4.84)

p=CgHy0C4H, TeBrytndto 17.45 | 29.63 3.07 3.68
(17.91) | (30.32) | (2.97) | (3.94)

p~CgHySC4H,TeCl ytmdto 21,10 | 36.34 4.12 4.41
(21.45) | (36.30) | (3.87) | (4.71)

Te(42),01, 25,29 | 14.86 2,26 5.40
(25.16) | (14.19) (1.97) (5.51)

Te(ttz)23r4 18.48 11.47 1.70 3.97
(18.62) |« (11.47) | (1.47) | (4.08)

e (¥12),1, 14.76 | 11.51 1.64 4.01
(14.61) | (11.16) | (1.55) | (4.32)

Te(t42),01,.H,0 18.22 20,96 3.32 8.16
(18.43) (20.80) (3.20) (8.08)

Te(ttz)33r4 16.20 13.26 1.84 5.09
(15.87) (13.30) (1.88) (5.22)

p-033006H4Te(ttz)4Br3 13.38 19.80 2.81 5.95
(13.42) (20.40) (2.85) (5.90)

p-023500634Te(tt5)013 26.54 28.92 3.42 3.31
(26.92) (28.00) (3.00) (3.00)

p-0635006H4T8(tt5)2@3 19.50 33.14 3.00 4.14
(19.91) (33.69) (2.99) (4.53)




TABLE 7,2-6

Data for the standard deviation of
- i.Pell_ %t
D C6HSOCGM4POL 3 edto

x x (x - x) (x - x)2
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 true value

$ X

the mean value (=

—_—

n
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TABLE A,.2~7

Data for the standard deviation of orjano-

tellurium conpounds.

x x (x-x) (x - x )2 ]
41.15 41,04 - 0.11 0.0121
28.72 | 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
37.14 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
18.135 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 -~ 0.45 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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x x (- x) (- x )2
26.15 26.20 + 0.05 0.0025
25.16 25.47 + 0.31 0.0961
20.03 | 20.12 + 0,09 0.0081
24.85 | 24.68 ~ 0417 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 1'
21.10 21.45 + 0.35 0.1225
25.29 25.16 = 0.13 0..0169
18.48 | 18.62 + 0.14 0.0196 |
14.76 14.61 - 0.15 0.0225 i
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 !

el |
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Preparation of arylselenium compounds,
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The preparative methods for arylselenlium compounds are

knovn and were carried out according to published procedures.

Au3.1 PREPARATION OF DIARYLSELENIULDICHLORIDE.

As3.1,1 Pveparation of diphenylseleniumdichloride,

Diphenylselenide was prepared by the reaction of
36,0 7, of powdered potassium hydroxide and 24 g, of black
powdered selenium which had been thoroushly nixed and heated
in an oll bath to 14060, at which temperature they fused
together., To a solution of the fused mass in 40 cm5 of ice
water, an ice cold solution of diazotised aniline hydro-
chloride (prepared from 13.8 g. aniline, 37 cnd 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 cm3 of chloroform was then addied 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 cn’ of chloroforn.
The combined extract was then distilled, and diphenylselenide

was collected at 300-315°C., TYield 12 g.
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Dipheanylseleniumdichloride was Prepared by ihe reaclion
of 12 g, of diphenylselenide disgolved in 25 cn? of concent-
rated nitric acid with 17 cn? of concentrated hydrochloric
acld. The dense yellow breclpitate which formed was filtered
off, washed with water and crystallised twice from benzene.
m.p. 176°¢c (1it. 178°¢) 14°

(found ¢, 47.93; H, 3.45; Se, 26,11; ¢ SeCl, requires

12710
C, 47.72; H, 3.28; Se, 25.98 %]

A.3.1,2 Preparation of di(p—methoxyphenyLJSQLeniundichioride.

Di(p-nethoxyphenyl)secleniumdichloride was obtained by
the reactlion of 6.24 g. (0,04 mol.) selenium oxychloride with
4,32 g. (0,04 mol,) of anisole dissolved in 30 cn- of anhydrous
diethylether. The nixture was stirred and then allowed to
stand for five days at roon tenmperature. The Yellow crystals
Which formed were filtered off and recrystallised by dissolving
in dry chloroform and Tepreciplitated vy adding dry diethyl-
ether. The precipitate was filtered off and dried in a
vacuum desiccator. m.p. 162°C (1it. 16300)128
[Found ¢, 46.05; n, 3.87; Se, 21,91, Cl4Hl4OSe012 requirecs
C, 46.30; H, 3,87; Se, 21.70 %)

Av3.1.3 Preparation of di(p-ethoxyphenyl)seleniumdichloride.

Di(p-ethoxyphenyl)seleniumdichloride was prepared by
the same procedure as used for di(p—mothoxyphenyl)salenium-
dichloride. Startins naterials were 6,24 g, (0,04 mol,) of
selenium oxychloride and 4.54 G+ of phenetole, Di(p~ethoxy-

128
Phenyl)seleniundichloride produced had mep. 138°c (1it. 139°¢)
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Found C, 49.47; H, 4.84; Se, 20.22; CqgH1308eCl, requires

C, 4‘9.00; H, 4.60: Se| 20.16 :.:

Ae3.2 PREPARATION OF ARYLSELENOCYANATE.,

A.c3.2.1 Preparatlon of phenylsclenocyanate.,

A mixture of 9.3 g. (0.1 mol,) of aniline in 60 g. ice
and 20 cn5 of concentrated hydrochloric acid was diazoticed
at Oac with 8 g. sodium nitrite (20% solution)., The acid was
neutralised with sodium acetate using congo red paner and
then a solution of 15 g. potassiun selenocyanate in 70 cm”
of water was added dropwise, With continuous stirring and
keeping the tenperature below SCC, 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 vacuum to glve a yellow o0il which had a

b.p. of 117-118°c. (1it. 117-118°¢) +23.14L.

A.3.2.,2 Preparation of p-bromophenylselenocyanate.,

The proccdure for the Preparation of p-bromophenyl-
selenocyanate was similar to that usged for the preparation
of phenylselenocyanate, p-Bromoaniline 15 g, in 20 cn’ of
concentrated hydrochloric aclid, 60 cm3 water, sodium nitrite
T &+ in 20 cm3 of water, sodium acetate and potassium seleno-
cyanate 21 g. in 135 cm3 of water at 0°C were used. After

sixteen hours, the solid Product was formed and then separated

by distillation with stean. The compound was crystallised
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from eight petroleum ether (30-40&jaud gave white needles,
114
m.Pe T0=71°C (1it. 70.5=T1.5°¢C).

{#ounda @, 32.26; H, 1,523 N, 5.48; H,NBrse requires

i
¢, 32.19; H, 1.55; N, 5.36 %1

A.5.2.3 Preparation of p-chlorophenylselenocyanate.

p-Chloroaniline 12,75 g. (0,1 mol,) in 20 cn’ of
concentrated hydrochloric acid and 60 g, of ice was diazo-
tised at 0°C with 8 g. of sodiun nitrite in 20 cn’? of water.
A solution‘of sodiun acetate was added to neutralise the acid
(congo red paper was used). Potassium selenocyanate 15 g. in
70 cm?3 oi water was gradually added and with constant stirring,
keeping the temperature below SGC. A pale yellow preclpitate
of p=-chlorophenylselenocyanate formed immedlatcly, along with
a 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. m.ps 53=54 C (1it, 55.5~
54.500) 114
[Found ¢, 38.96; H, 1.96; N, 6.56; CqliyNCLlSe requires
C, 38.82; H, 1,86y N, 6.47 %]

A.3.2.4 Preparation of p-tolylselenocyanate,.

A solution of 1047 g« (0.1 mol,) of p-toluidine in

60 em? of sulphuric acid (115) was diazotised at U'C with
8 g« of sodium nitrite in 20 cm? of water. The solution was

neutralised with sodiun acetate using congo red paper. A
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solution of 18 g. potassium selenocyanate U0 cm3 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 sone selenlun was obtained
which was filtered off and washed with distilled water several
times and dried under vacuum. The precipitate was extracted

by adding light petroleum ether in the presence of charcoal
which gave white crystals. m.D, 55-56°C (lit. 55-56°C) 11t
(rouna ¢, 49.23; i, 3.565; U, 7.22; CgH NSe requires C, 484 99;
0, 34608 N, T.14 1

Ac3.3 PREPARATION OF ARYLSELBNIUMHTRIBROWNIDE AND

DIALYLDISELENIDE,

A.3.3.1 Preparation of phenylseleniunmtribronide.

Phenylseleniuntribromide was prepared by two methods, -

Method 13 0,5 g. oi lithium was cut into very small piecces
and placed into a 250 cm3 three necked flask;
25 cm3 of dry diethylether was added and the alxture was
refluxed. To this solution 5 g. bromobenzene in 50 en? of
dry diethylether was added drop by drop and then the nixture
refluxed for one hour. The mixture was cooled at room
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 hydrolysecd carefully with
cold water/hydrochloric acid mixture and extracted with

ether, The solvent was removed by distillation under wvacuum
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leaving a red oil which was dissolved in carbon tetrachloride,

Then an excesc of bromine in carbon tetrachloride was added
dropwise, A vigorous reaction resulted, The solution becane
a very deep red colour and a red orange precipitate was formed.
The precipitate was filtered off and dried quickly under

vacuum to give 12 g, of phenylseleniumtribronide. m.D. luﬁoc
123

c

(222 305 °C)
[Found €, 18.15; H, 1.20; Se, 20.09; 06H55eBr3 requires

c, 18,20; H, 1,27; Se, 19.96 %)

Method 2: Phenylselenocyanate 1,82 g. (0.0l mol.) in 5 cn’
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

Geps 10570 {1ve, 205°¢).

(Founda ¢, 18,10; H, 1.15; Se, 20.09; C, gHgSeBrs requires

C, 18.20; R, 1,27; Se, 19,96 %)

Av3.3.2 Preparation of bis(p-bromophenyl)diseclenide.

p=-UBromophenylselenocyanate 1,30 g (0.0l mol,) was

treated with alcoholic potassium hydroxide, bis(p=bromo-

phenyl)disclenide was formed, m.p. 106-107°C (1it. 107-108°¢) 142

LFound €, 30,763 H, 1,703 Cy HgBr Se, requires C, %0.64;
i 72 %]

Av3+s3¢3 Preparation of p-bromophenylseleniuntribronide.

P-Bromophenylseleniumtribromide was prepared by dissolving
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0,471 g« (0,01 mol.) bis(p-bromophenyl)diselcnide in 5 cn?

of dry chloroform and then an excess of bromine in dry chloro-
form was added., A reddish precipitate formed which had a

meps 152°C (1it., 132°c) 137

(Found ¢, 15.30; I, 0.70; Se, 16,84, Cpll SeBr4 requires

5
¢, 15.30; H, 0,90; Se, 16,67 %]

Ac?:3.4 p=Chlorophenylseleniumtribronide.

pP-Chlorophenylseleniuntribromide was prepared by discolving
2.16 g« (0,01 mol,) p-chlorophenylselenocyanate in 5 cm’ of dry
chloroform and then treatinz this solution with an excess of
bromine in dry chloroform., The red orange precipltate which
formed was filtered off and dried in a vacuum desiccator,
v o 126
meP. 122 C (1lit., 123-124 ¢)
[Found €, 17.,00; H, 0.,70; Se, 18,73; 06” ClBr_Se requires

5 3
¢, 16,893 H, 0.95; Se, 18,36 %1

A.3.3.5 Preparation of p-tolyseleniuntribronide.

p-Tolylseleniuntribromide was prepared by dissolving
1.96 g. (0,01 mol,) of p-tolylselenocyanate in 5 cm? of dry
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. m.pe. 115°C (1it, 115-116 ¢C) i
|Found €, 20450; H, 1.60; Se, 18,91; CTHTBr3SG requlires

C, 20.715 M, 1,74y 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-
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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 diaryl 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 ml™!.

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;TeBr;
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;OC;H,TeCl; 31.46 (31.65); p-C4H:-
OC4H,TeBr; 23.72 (23.78); (CH3;0C:H,),TeCl, 30.91 (30.93); (C,HsOC:H,),-
TeCl, 28.89 (28.96); (CH;0CH;),Te 37.14 (37.35); (C.H;OCH,),Te 34.46
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(34.52); TeCl,tmdto * 28.95 (28.65); TeBrstmdto 20.39 (20.47); C{H;TeCl;-
tmdto 26.15 (26.20); C;H;TeBrstmdto 20.01 (20.57); p-CH;C¢H,TeCl;tmdto
25.16 (25.47); p-CH;C¢H,;TeBritmdto 20.03 (20.12); p-CH,;0C:H,TeCltmdto
24.85 (24.68); p-CH;0C4H,;TeBr tmdto 19.69 (19.62); p-C,H,0C,H,TeCl,-
tmdto 24.20 (24.03); p-C,H,OC;H,;TeBr;tmdto 19.02 (19.21); p-C;H;OC¢H.,-
TeClstmdto 22.16 (22.04); p-C,H.OC;H,TeBr;tmdto 17.45 (17.91); p-CsH;-
SC¢H;TeCl tmdto 21.10 (21.45); C¢HsTeClstedto ** 23.32 (23.50); C¢HsTeBr;-
tedto 19.08 (18.87); p-CH;C,H,TeCl;tedto 22.84 (22.91); p-CH;CsH,TeBr;-
tedto 18.35 (18.48); p-C,H;OC;H,TeClstedto 20.09 (20.08); p-C¢H;OCsH,-
TeBrstedto 16.34 (16.61); p-C,HSC,H,;TeCl tedto 19.91 (19.54); p-CcHsSCq-
H,TeBritedto16.72 (16.27); p-BrCH,;TeBrstedto 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,018.22(18.43); Te(ttz);Br, 16.20 (15.87); p-CH;0C,H,Te(ttz),Br; 13.38
(13.42); p-C,H;OCH,Te(ttz)Cl; 26.54 (26.92); p-CsH.OCzH,Te(ttz),Cl; 19.50
(19.91).

Standard deviation was calculated from results for p-C{H;OC,H,;TeClstedto:
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%. C,5H,,CI;N,S,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 diaryl 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;OCGH,TeCl,tedto
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-methoxyphenyl) and bis(p-ethoxyphenyl)-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 AlCl,, results in triphenylselenonium chloride
(C¢Hs),SeCl™ [7,8]:

SeCl, + 3CeH, =3 (C¢Hs)Se'Cl™ + 3HC

An analogous method [9] using a molecular ratio of AICl;/TeCl, of 3/1 gave a
60% yield of (C4Hs);TeCl. Products isolated at lower AlCl;/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 AICl, is essential for the reaction of C¢Hg 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¢H;X gives a
mixture of products:
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X—@—TeCIa
Cl
|
OO
(of

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 |

RO—@ + SeOCl, —e:;w—r-—-- ROQ?E-@OR
€l

Under certain conditions this reaction can be modified to give triarylselenonium
chloride as the main product [15].

Ether
<] HO-@ + SeOCl, - HO@ (=2 Bl o
or chloroform 3

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]:

) + recy,

OH

OH
@COOR + Selly ——e @COOR + HCI

SeCla

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-methoxyphenyl)selenium dichloride and bis(p-ethoxyphenyl)selenium
dichloride respectively.

290@ + SeCly —= (RO—@) SeCl, + 2 HCl
2

The synthesis of aryltellurium chlorides by treatment of various aryllead
compounds with tellurium(IV) chloride or aryltellurium trichlorides has been
described [17].

(C¢Hs)aPb + TeCl, 1M (C,Hy),TeCl, + (C,Hs),PbCl,
The analogous reaction with SeCl, has been investigated:

(C¢Hs)4Pb + SeCl, T8 (C,H;),SeCl, + (C4Hs),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:

92(C¢Hs)sPbCl + SeCl, — (C4Hs),SeCl, + 2(C¢Hs),PbCl,

The products from the reactions of SeCl, with anisole, phenetole, (C;H;),Pb,
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}; -Pbca 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-D3; 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—Cl 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;Hs),SnCl, [21] and
(C¢Hs),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 v(Se—Cl). For the diarylselenium dichlorides the values are
vy(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™!

(CgHs)25eCly Bis(p-methoxyphenyl)- Bis(p-ethoxyphenyl)- Assignment
selenium dichloride selenium dichloride

IR Raman IR Raman IR Raman

329s 336vw 344s 345vw 356m 355vw

307s 310vw 310w 310vw 336vs 338vw g S L

275vs 267Tvs 2556s 250vs 272s 263vs vg(Se—Cl)
248s 245s 253m Vaq4(Se—Cl)

225vs 226w 245s 253m Phenyl u

203vs 235bs 236m(sh)  226s 225w Phenyl u'

173w 190m 186w 180vw Phenyl x

151m Phenyl x'

140m 132m 135s 134s 135m 5(5eCl;)
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 em™' may be assigned to the Cl—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 ¢, 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¢Hs),SeBr, the main Raman
bands but for (C4Hs),SeBr, the main Raman band at Av 157 em™', »(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, caled.:
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;,H,(SeCl, 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,,H,,0,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,50,SeCl,
caled.: C, 49.00; H, 4.60; Se, 20.16%.)

Diphenylselenium dichloride, bis(p-methoxyphenyl)- 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 Perkin—Elmer 457
infrared spectrophotometer (4000-250 cm™'), b) a Perkin—Elmer 225 grating
infrared spectrophotometer or ¢) 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 férmula RTe(ttz), X, where X = Cl or Br and R = CH,OCH.,-, C:H;OC,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
IRaman spectra of the complexes are reported and assignments made. Conductivity measurements in NN'dimethyl-

formamide are also reported.

INTRODUCTION
TELLURIUM(IT) and tellurium(IV) form a large num-
ber of well defined complexes with thiourea, substituted
thioureas and substituted dithiooxamides. All these com-

I

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(II) 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).

HI]J—?H$ HTII—CH:
(A) (B)
_CH;
H]}J—%‘.H: HINIJ CH:
C CH C
§ Tel T
(© (D)

The ligand properties of thiazolidine-2-thione have been
investigated and complexes are known to be formed with
many elementsisuch 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-

TOn 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(IV) 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(IV)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 methods.

Method(A). Thiazolidine-2-thione (2 mmol) 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(IV)oxide 0.8 g (5 mmol) was dissolved
in a mixture of either 10 ml 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 ml of concentrated hydrochloric acid was added at room temper-
ature to 3.0 g 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 457 IR
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 ¢cm ',
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Raman spectra. These were recorded ona Cary 81 spectrometer
with an exciting laser line at 6328 A.

Conductivity measurements. Were made on 107 M solutions of
the complexes in dry NN'dimethylformamide at 20°C using a
Mullard conductivity bridge Type E 7566/3.

UV 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
35.7 kK.

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

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; /N— H.
[TeClLF" +GS=C\ | —+Ie S=C\ T Cl;

S—CH, S—CH;
H H p
CH-—N, N—CH.
sl |- =
CH.—5 S—CH.

Table 1. Analytical data and some physical properties

Analyoess i~
preparatlilve B

Compounds method colour m.p.°C c H ¥ Te

Thiszelidine~-2-thions white 106= 30.01 4.45 11.19

(#ts) 107 (30.25) (4.24) (11.75)
Te(tta) 01, AD yellow 152-  14.B6 2.26  5.40 25.29
. 155  (14.19) (1.97) (5.51) (25.16)
re{n-);,llr‘! A orenge 134~ 11.47 1.70 3.97 18,48
138 (11.47) (1.47) (4.08) (18.62)
Te(tts) I, A Brom  162-  11.51 1.64 4.01 14.76
166 (11,16) (1.55) (4.32) (14.61)
Te(tt2),01 H,0 ¢ gresn- B2- 20.96 3.)2 B.16 18.22
yellow B4 (20.80) (3.20) (B.08) (18.43)
N(ttnjjzz-d (] ¥yollow- 172- 13.26 1.84 5.09 16.20
orangs 174 (13.30) (1.88) (5.22) (15.87)
“3‘“’5“4"‘(“'143’3 B yollow~ 128- 19,80 2.81  5.95 13.38
orange 132 (20.40) (2.85) (5.90) (13.42)
G H_0CH T‘(“’)J.ms B yellow 114- 28.92 3.42 3.0 26.54
s 116 (28.00) (3.00) (3.00) (26.92)
csxsocsn‘n{su]zczl B yellow  196- 33.04  3.00  4.14  19.50
201 (33.69) (2.99) (4.53) (19.91)

& Bequired values in p heses. b, With d P tion

Table 2. Assignment of IR bands

£-5
bompounda \J(n-n) Thiocamids 1 ) (c=8)+f{ncs) nuy}:{. }g,-m_ /\mﬂ' c
?:ia):olidina-z-thiont 34008 * 1510vs 1290 8 6308  65m
tz
To(ttz),0l 4 3200a 1515va 13058 6902 660a 52
Ta(ttsjzal“ 3230m iggg}“ 13058 650w 660m 124
‘l‘a(tt:)l,]:‘ 3230 151Tvs 133018 6590 662m 128
1304
Te [ttl}4012.520 N30a 1510vs 1295 s 685z 640n 42
Ta(ttz), Br 3220 1510vo 1320 630n
34 nsu}“' uouj & 2 &
CH,OC,.E,Te(tts), Br 3230m 1518vs 1322 00w
3504 43 20ush 1297) * $ S 3ha
czniccé‘n' ".'.( tte) 1.”3 3200 1520vs iggi} i 695w 660 29
CsEjﬂcl;E‘Ts(tt:JEDl; 322ca 15150 1307 » £91m 6350 49
t ( Value in CECLJ
l 31408 eat in ¥Br
a. enl.oha Tt mola Tt 13‘3 H solutions at 22%.
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Thiazolidine-2-thione complexes of tellurium(IT) and (IV)
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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(IT) and (I1I)
thiazolidine-2-thione complexes[11].

The large negative shifts of #(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 (240-220cm™) and the
absence of bands which would be expected for v(Fe-S).
Sulphur bonded thiazolidine-2-thione is proposed for
silver(I)[12] and chromium, molybdenum and
tungsten[10] but zinc(IT), cadmium (II) and mercury(Il)
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. »(Te-Cl)
286-253cm™’, »(Te-Br) 183-161cm™, p(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 »(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=8)+ 6(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)sttz 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 1 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),CLH,0. The structures of the
other complexes are more difficult to envisage. Five
co-ordinate  tellurium  is  possible for p-
C;HOC.H,Te(ttz)Ck 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;OCH,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 | 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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