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SUMMARY

The work in this thesis is concerned with the mechanistic
study of some organotellurium compounds, especially the
diaryl-ditellurides, The effect of visible irradiation on

the diaryl ditellurides in solution cantaining alcohol is
described. The photoreaction was found to proceed under
aerobic conditions via the breaking of the tellurium—tellurium
bond, and the production of a free radical species is reported.
The final product obtained from the photoreaction, an bis(aryl-
tellurenyl) oxide, does not dissolve in organic solvents. The
assignment of tellurium oxygen vibrational modes of these
products is also given.

The reaction of iodine with diaryl ditellurides through the
attack of the tellurium-tellurium bond is described. Evidence
is cited for the existence of two species in solution as

intermediate products, ArzTez.I2 and ArzTee.zrz, 1:1 and 1:2

complexes respectively, in equilibrium with the reactants. The
values of the equilibrium constants for the 1:1 (Kl) and 1:2 (Kz)

adducts show that the main product in the equilibria is the 1:1
adduct. Kinetic investigations give an independently determined

value of K2 which is in very good agreement with that obtained

from the equilibrium studies.

Reactions of the diaryl ditellurides with transition metal
complexes via an oxidative addition reaction have been
investigated. Vaska's compound reacts with the diaryl
ditellurides and kinetic studies using the UV-visible spectro-
scopic technique are described. The kinetics in each case obey
the second order rate law,

rate = k2 ErCO(PPhs)zcgl [Arz‘l'ez]

Infrared investigations show that the carbonyl band is shifted
from its position in Vaska's compound (1955em—1l) to (2065cm=1l)
immediately after mixing the solutions of the reactants. The
formation of a new band due to the carbongl group of the product
is observed. IHNMR, 13cMR, 31PNMR and 125Te MR investigations
of the product are also described.

Plausible reaction mechanisms of the above reactions of the
diaryl ditellurides are suggested.
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CHAPTER ONE




INTRODUCTION

The electronic structure of tellurium which is in group VIB of the

periodic table is (Kr) 4d10

59.2 5P4. As a member of this group
tellurium bears a resemblance to selenium and sulphur in many of

its properties. On descending the group the elements become more
metallic in nature. However, although tellurium shows some metallic
properties, it is predominantly non metallic in character. The

most common oxidation states are II and IV, other oxidation states

are-II, VI.

The main purpose of the work explained in this thesis is to study
the mechanisms of some new reactions of organotellurium compounds
and some of other well known reactions as well., Although many of
the known reactions have been in use for a long time, little or no
work has been reported about the kinetics and mechanisms of them.
The mechanisms of reactions of carbon compounds and square planar
and octahedral transition metal complexes have been extensively
studied but little attention has been given to tellurium compounds.
It is probable that tellurium shows behaviour in between those of
carbon and transition metals. For example, its compounds may show

both associative and dissociative mechanisms in their reactions.

The mechanisms of most of the common preparative routes to
organotellurium compounds are not completely understood. Either
because of difficulties involved in carrying out mechanistic studies
or more usually a lack of suitable studies, very often reactions

are incomplete, produce many by-products, or are not suitably

homozeneous.



(1)

Tellurium and its compounds have numerous established uses.
One of these applications is in rubber compounding. Tellurium
rubber is noted for its resistance to heat and abrasion. In many
instances, the addition of tellurium increases the rate of vulcani-
zation and improves the aging and mechanical properties of the
elastomer. It is also used to improve the machinability of steel
and coprer and in ceramics and glass as a colouring agent. It has
been used as a catalyst in the oxidation of propylene to acrylic
acid in the same way as other catalysts such as cobalt, molybdenum

L2}

or phosphorus oxide.

The work described in this thesis concentrates on the diaryl
ditellurides, because of their easy preparation, reasonable stability
and because of the strong characteristic colour of their solutions

in organic solvents. The strong colour makes it easy to study the
disappearance of the compound. The present work has mainly involved
the investigations of some mechanistic studies using UV-visible

spectroscopic techniques.

The work concerning organotellurium compounds which had been carried

(3)

Research during the
4-9)

out up to 1971 has been reviewed by Irgolic.
period 1972 = 1979 has also been reviewed by Irgolic.(
In 1971 Cooper published a book dealing with all aspects of tellurium

chemistry, titled "Tellurium".(lJ

Each chapter in this thesis contains a detailed introduction of

aspects discussed in that chapter.



The most common preparative methods of the diarylditellurides

are explained in detail in Chapter 2.

Background to Diorganoditellurides

RTeR'
\
st
R'X
'k
g RTeNa
gpreb:
R2Te2X2.X2
Li NaBH4
H20 2X
0
2

/\
Na_S

ML
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2
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X
x2
R_TeX

RTeX

3 hVv 0
2 CH R
2N2 TeX3
I V
RTe ——TeR
: RTeCHzTeR

Transformations of Diorganoditellurides




Piette has obtained several diarylditellurides with carbonyl
or acetyl groups in the ortho-positions. These are prepared
from aryl alkyl tellurides by cleavage of the alkyl group and
aerial oxidation of the tellurol intermediate in acidic

medium.(lo)

0 0

4 :
@C\R HX S 0,
_—> ———> R._Te
_ R 2
TeR' Rz TeH e

Methantellurol CH3 TeH has been prepared from dimethyl
ditellurides by dissolving the latter in liquid ammonia and
was reduced with sodium metal. The solid obtained after
evaporating ammonia was then treated with phosphoric acid.
Upon melting, the acid reacts with the residue (CH3 TelNa) to

zive methanetellurol. §iL)

Attempts have been made to synthesize organotellurium

acetates from the reaction of diphenylditellurides with lead

(12-14)

tetra acetate. This reaction yields mainly the triacetate.

benzene
Pb > H
(CBHS)QTBE - 2 (OCOCHS)& > 206H5Te(OCOC 3)3

o
3.D(OLOCH3)2

This hydrolyzes readily according to the following equation:

0

__ . 34 HOH vgr ot
Colig — Te —(OCOIL,I‘I3)3 _— C.H. 'I;e +  2CH,COOH

ococH
CC 3




Phenyllithium telluride, generated from diphenyl ditelluride in

(15)

tetrahydrofuran solution and lithium metal was treated with

alkyl halides to produce alkylphenyl tellurides, CGHETeR. The rate
of the ditelluride cleavage reaction is increased when the solution

mixes well.

c H5 Te Te C

> -
6 H5 + 2 Li - 2 C6 H5 Te Li

6

A number of arylalkyl tellurides, ArTeR, have been prepared by a
variety of methods, including the reaction of aryl-alkali-metal

tellurides, ArTeM(M = Li, Na), with aliphatic halides.

The aryl sodium tellurides, 4-R06H4TeNa (R = Hﬂﬂij CHSO) and
2,4 - (CH30)2 C6H3TeNa,were obtained by treating the solutions
of diaryl ditellurides in absolute methanol with sodium tetrahyd-
roborate.(ss) When the reduction of the diaryl ditelluride was

complete, the colour of the solution turned from dark red to light

vellow, but these tellurides were not isolated.

It has been found that the orange to red diaryl ditellurides are
rather stable compounds which can be handled in air without

difficulties.(ls)

In the present work it is observed that diaryl
ditellurides are affected by light under some conditions. When
laboratory grade chloroform was used, first of all, as a solvent
for ditellurides, it was observed by accident that the colour of
diaryl ditelluride sol utions disappears gradually over a few days
when they are left exposed to light. With other solvents such as

toluene, no such change is observed. The presence of the small

amount of alcohol (~2%) in commercial chloroform is responsible for



the fading of the colour. It was observed that when a toluene
solution of a diaryl ditelluride with alcohol is irradiated with
visible light under aerobic conditions, the orange/red colour of

the ditelluride is bleached.

Therefore, in the preparation methods of the diaryl ditellurides,
petroleum ether is recommended to be the best solvent used in the
recrystallisation, rather than alcohols as mentioned in the

literature. Furthermore, the preparation and the handling of the

ditellurides should be carried out in the dark.

When certain ditellurides, such as the perfluoroethyl derivative,
which is not affected by water, hexane, acetone or carbontetrachloride
are exposed to sunlight for a long time, metallic tellurium is dep-

(17)

osited leaving(CzF Te which is unaffected by light.

5)2

McWhinnie and Thavornyutikarn found that the 4 - methoxyphenyl

derivative, must be stored in an ampoule in the dark. The

4 - phenoxyphenyl compound, slowly decomposes in petroleum ether
solution and bis (2 = Naphthyl) ditelluride becomes yellow on

(18)

storage.

Petragnani and de Moura Campos have explained the formation of
diaryl tellurides and ditellurides in the reaction of a Grignard
reagent with tellurium tetrachloride on the basis of the following
postulated mechanism. This mechanism is supported only by the

observation of the final products, thTez, Ph _Te, and Te(MgBrJ2,

2
accompanied with the possibility of a radical dissociation of the

ditelluride. This reaction is very complex and variable ratios of

=6 =




(19)

products can be obtained.

PhMgBr + Te > PhTeligBr
PhTelgBr > PhTe® + MgBr®
2PhTe* — PhTe - TePh
2MgBr + Te > Te(MgBr),,

PhTe - TePh + PhMgBr  =————> PhTeph + PhTelgBr

Aromatic ditellurides are cleaved by aromatic Grignard reagents
in ether solution to give the unsymmetric tellurides in quantitative

yields:
~ ~
Ar Te, + ArligBr ———— ArTeAr + ArTeligBr

The aryl telluromagnesium bromide, which is formed in this
reaction, precipitates, upon addition of petroleum ether. This
unstable substance decomposes upon contact with the atmosphere to

tellurium and hydrogen telluride.(20)

The structures of a number of diorganoditellurides have been
determined from x-ray crystallographic studies. Kruse et altzl)
have studied the crystal structure of bis-p-chlorophenyl ditelluride.
It was found that the observed tellurium - tellurium and tellurium-
carbon bonded separations are 2.702 + 0.010 A, and 2,13I%0.14 A
respectively. Similar values have been reported from subsequent

(22)

investigations on diphenyl ditelluride. It was found that the

length of the tellurium - tellurium bond is 2.714 A, while the



average of the observed tellurium - carbon bond distance is 2.115 A.

Configuration
of diphenyl
ditelluride
molecule (22)

The C — Te - Te bond angle in diaryl ditellurides has been found
to be between 90O and 1000. This indicates that the bonds have
a high degree of p character. The C - Te - Te - C dihedral angles

are of the order of 750.

Ar e
1
n \
. ]
= :
75° [ Te ) Te
§ 100
e R T T e
Ar

The dihedral angle of a diaryl ditelluride.

Because of the size of the tellurium atom, the tellurium - tellurium
bond is both long and weak. Thus it is not surprising, with
hindsight, to see that the ditellurides undergo photochemical
reactions accompanied by Te — Te bond cleavage as explained in
Chapter 3. It is not surprising either to see that when solutions
of iodine and the ditellurides are mixed together, the Te - Te bond

is cleaved after becoming attached to the iodine (Chapter 4).



Finally, it is not surprising for the ditellurides to undergo an
oxidative addition reaction with some of the transition metal
complexes, i.e. Vaska's compound, again via the cleavage of the

Te - Te bond (Chapter 5).

Some workers have used the organo selenides and the organotellurides
as photographic film additive instead of using silver salt. In
reference (23) benzyl diselenide and diphenyl mercury of various
weight percent mixtures loaded into polymeric matrices such as
polyvinylchloride and poly (methylmethacrylate) serve as the basis for
high resolution and medium contrast microimaging films. Ultraviolet
jrradiation of these colourless films results in the formation

of dark mercury - selenide images in the light affected areas.

Marsh et al have published a few patents concerning the photo-
sensitive films comprising the organodiselenide compounds,

R532R1 (R,RY = alkyl or aralkyl)!?4-2°)

A microimaging process has been described which involves imagewise

UV exposure of a compound consisting of a polymeric binder

containing a photochemically reactive diselenide, a tertiary

phosphine or phosphite, and an organic peroxide., Heating is then
b s (o] - s ’

carried out at_>100°C for a time sufficient to enhance the image

=
contrast.(zd)

Wicroimaging compounds giving stable images of high contrast and
resolutiorn, which may be developed by gentle heating, are composed
of a polvmeric bYinder containing the same compounds mentioned in

G
reference (25) above.(2 )




Recently several American and Japanese patents have been published
concerning the use of organotellurium compounds in photographic
emulsions. In the main the diaryl ditellurides have been used in
most of these patents as catalysts. Lelental and Gysling(27) have
used the following diaryl ditellurides as catalysts in the heat -
developable photographic materials and process:-

thTe (p=-CH,C_H,) Te2f (p-CH_OC_H,) Tez, (p—BrCGH4)2 Tez, and

o 376 42 S 6402

(1 - naphthyl)zTez.

Matsui et al(28)

published another patent concerning photosensitive
imaging materials based on the photoinduced reduction of tellurium
compounds., A photosensitizer was used which decomposes the

tellurium compound under irradiation with light of the appropriate

wavelength.

More details will be given about some organotellurium photosensitive

compounds in the introduction to Chapter 3.

(29) investigated the hydrolysis of

Thavomyutikarn and lMeWhinnie
phenyl and 4 = ethoxyphenyltellurium trihalides in neutral agueous
media. It was considered to proceed in a stepwise manner in which
the first stage involves the formation of a monomeric species,

comoound (I), arising from the nucleophilic attack on tellurium in

ArTeCl3 by water and the resulting breaking of the halogen bridge

= 10 »




bonds:-

H_0 - HC1
artex, ——> [ArTex, . H,0 ] —> [ArTex,(on)] —
I i
H,0,/-HCl -% H_0
[arTe(0)x ] € 2 ztc [ (ArTex,) 0 1 < g

I1I

Attempts to isolate compounds corresponding to III failed. Only
ArTe(0)X, or a mixture of ArTeX3 and ArTe(0)X, could be obtained
at various reaction times and conditions. Thus, if stages
corresponding to II and III are involved, the intermediates must be

short lived.

The hydrolyses of ArTeX3 and ArTe(0)Xin alkaline media also lead
to the formation of similar compounds, hence the initial stage of
these reactions probably follows a scheme similar to the above
equation. The product isolated from the alkaline medium shortly

after mixing has the composition (p - EtO CGH4} TeO(OH) which, on

acid treatment, is converted to [( p- Et0 061-14) Teazo therefore

a scheme such as the following equation is appropriate:-

ArTe(0)X —%} Ar'Te(OH)S —'530—) ArTe(0)OH ——
2

% E(ArTeO)2O i < — &

- 11 =




Mcl/hinnie et al(au) have calculated that in a series of the

diorganotellurium dihalides RaTeX2 (R =p - tolyl, o - tolyl,

F X = C;, Br, I), the molecules have

g4’ g5
YL trigonal bipyramidal structures with axial halogen atoms,

p — MeOC

(represented by group x in the structure given below), regardless
of the nature of the substituents in the aryl ring. The equatorial
positions are occupied by the two remaining organic groups and the

non-bonding electron pair, which are of predominantly s character.

X
g i

R

M

X

It has been suggested that in all the examples which have been

studied, the axial bonds have been longer and weaker than the

equatorial bonds.

McCullough(Sl) has determined the structure of phenoxatellurium

10, 10 - diiodide, CleGOTeIz. It was found that tellurium forms
bonds with carbon atoms at 2.09 and 2.11 A, It alsa forms weak

bonds with iodine atoms in each of two neighbouring molecules with

Te——-I distances of 3.739 and 3.788 A.

foeOMCeOk
AN il




CHAPTER TWOQO

2. Experimentation

2.1 Chemicals

All chemicals used were obtained from the usual commercial
sources and 'Analam ' grades were used when necessary. The
important starting material, tellurium tetrachloride (TeClA)was
supplied'by British Drug House (BDH) in a sealed bottle. The
precious metal salts (Pt, Ir) were purchased from Johnson

Matthey Chemicals Ltd.

2.2 Solvents

All solvents used were obtained from commercial sources. If
oure solvents were needed, they were purified according to the

(32)

standard literature methods. Generally all the solvents were

dried and distilled prior to use.

When deoxygenated solvent was required the solvent was frozen in
liquid nitrocen and the flask connected to a vacuum line to remove
air. This procedure was repeated three times at least for each

solvent.

2.3 Physical Measurements

2.3.1 Ultra Violet and Visible Absorption Spectroscopy

Ultra violet and visible absorption spectra and kinetic studies
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were taken on a Pye Unicam SP8 - 100 spectrophotometer (or) and
Pye Unicam SP6 = 400 spectrophotometer used in conjunction with
a Pye Unicam AR 55 linear recording unit. The solution spectra
were measured in the range 1000 - 280 nm. The solution and the
solvent for comparison were both contained in either 4cm, lcm,

or 0.5cm, glass or quartz cells.

The cell compartments of these spectrophotometers are equip ed
with water jackets so that temperature control can be achieved
simply by circulating water at the desired temperature through

the cell holder.

2.3.2 Infra-red Spectroscopy

Infra-red absorption spectra were taken on a Perkin Elmer 457 or
the
a Perkin Elmer 599B spectrophotometer , onLrange of 4000 = 250 cm

1
and 4000 - 200 cm_l respectively. The solid state spectra were
recorded either as a nujol mull, or as a potassium bromide disc, or
Caesium iodide vplates. Solution spectra were recorded, using a

matched pair of semi-perm cell type 1010, path length .1lmm with

sodium chloride windows.

2.3.3 Electron Spin Resonance (ESR) Spectroscopy

The ESR spectra of complexes were determined at room temperature

in solution, using JEOL JES-PE-1 spectrometer in the department.

When the sample had to be irradiated while placed within the
cavity of the ESR machine, two convex lenses (lOcm focal length)

were used to focus the light from a photographic bulb (275 watt)
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directly on to the sample capillary.

2.3.4 Nuclear Magnetic Resonance (NMR) Spectroscopy

Proton magnetic resonance spectra were run on a Perkin Elmer
R12B spectrometer, operating at 60 MHz and 34°C, or Varian HA 100D
spectrometer at 100 Miz and 32°C. Appropriate solvents were
chosen for each sample and tetramethyl siliane (TMS) was used as
an internal reference.' A JEOL FX 90Q fourier transform NMR
instrument has also been used recéntly, operating at 90 MHz and

o : 1 13
35°C, to determine the NMR spectra of ~“H (89.56 MHz), " C
(22.50 MHz) and S P (36.20 MHz).
125 - 5
Te NMR spectra were recorded on the Brucker FT multinuclear

NMR spectrometer of the Universite de Rouen in France.

2.3.5 Thin Layer Chromatography (TLC)

The TLC on silica with a standard eluotropic series of solvents
was employed, to determine the number of species present in certain

solutions. Chromatograms were developed with iodine.

2.3.6 Melting Points

The melting points of all solid compounds were determined with a

Gallenkamp melting point apparatus and are uncorrected.
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2.4 Computation

All computer programmes were written in either algol or basic,
and run on an ICL 1905A computer at the Computer Centre,

University of Aston, Gosta Green, Birmingham, B4 7ET.

2.5 Analysis

Micro-analysis for carbon, hydrogen, phosphorous and halogen were
done by the micro-analytical laboratory of the Chemistry Department.
Tellurium was determined as below.

2.6 Volumetric Determination of Tellurium in Organic Compounds(aa’ad)

The sample containing 0.075 to 0.25 gm of tellurium was weighed
into a 400 ml beaker. Concentrated nitric acid (1Oml) was added,
and the mixture was warmed until a pale coloured solution was
obtained. It must not be permitted to go to dryness. After
cooling, 1l:1 nitric acid (10ml) and 70% perchloric acid (1Oml) were
added, and the mixture was then continuously heated until strong
fumes of perchloric acid and a colourless solution were obtained.
tjhen the volume became less than (lOml) the solution was cooled

and diluted to (200ml), and sufficient 0.1 N potassium dichromate

was added to provide an excess of at least (5ml).

The solution was stirred and was allowed to stand at room temperature
for at least 30 minutes. Excess 0.INferrous ammonium sulphate was
then added, and the mixture was back-titrated with the 0.1 N
potassium dichromate solution, using N-phenyl anthranilic acid as

indicator, which added just before the back-titration.
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2.7 Kinetic Studies by the Use of a Flow System

2.7.1 Apparatus for Flow Studies

This apparatus was designed to undertake a kinetic study of the
photochemical reaction of diarylditelluride at fixed temperatures.
The apparatus is diagramatically shown in Fig. 1, and consists
basically of a 100ml round bottomed flask, enclosed in a glass
jacket with provision for a continuous flow of water from a
thermostated water bath to keep the contents of the flask at a

constant temperature.,

With the help of a peristaltic pump, the toluene solution of the
ditelluride is continuously passed through a lcm quartz cell for

spectrophotometric measurement.

It was found that PVC is the best material for the flexible tubing
as it is less affected by the organic solvents.

.
The tube leading to the spectrophotometer has a bypass arm; Y shape
glass tube; which can take any excess solution back to the flask.
The round bottomed flask is serviced by rubber bung; size 10mm;

which contains the tubes of the peristaltic flow circuit.

The irradiation of the contents of the reaction flask is done by

using a 60 watt domestic light bulb fixed at a distance of Gem

lower than the flask.
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2.7.2 Procedure

The thermostating assembly of the water bath is adjusted to the
required temperature and switched on. The peristaltic flow
circuit is flushed through, first with pure toluene, so that

the tubes become saturated with the solvent. At the same time the

spectrophotometer is zeroed.

In a similar fashion, the toluene solution of the compounds under
study is pumped continuously through the flow cell and back to the
flask in a closed circuit, at the rate of about 40ml/min., for
about 10 minutes to bring the reaction mixture, to the constant
temperature of the water bath. Then the 60 watt light bulb is
switched on and the recording of the absorbance measurements started

simultaneously.

After the completion of each experiment, the flask is emptied and

the whole assembly is washed with acetone and dried., The flexible

tubings are replaced periodically.

The experimental technique is essentially the same for all the
kinetic studies carried out by flow system. Therefore, a
generalized procedure is described agbove. Wherever specific

differences arise they are mentioned in the relevant section.

2.7.3 Equipment

Spectrophotometer, Pye Unicam SP6 - 400 used with a Pye Unicam
AR 55 linear recording unit, and Pye Unicam SP8 - 100 spectro-

photometer.
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Peristaltic pump
Thermostat bath
Circulating pump

60 watt domestic light bulb.

2.8 Kinetic Studies by the Use of a Dual Syringe System

2.8.1 Apparatus for a Stopped-flow Studies

In contrast to the previously explained system, this apparatus

was designed to carry out the kinetic studies of fast reactions
which could not be studied by the methods usually available. This
apparatus is diagramatically explained in Fig. 2. It consists of
two interconnected glass syringes enclosed in a glass jacket

through which water at a constant temperature can flow.

Each of the two dual syringes is equipped with a tap, the purpose
of which is to allow the liquids to be drawn in to the syringes,
from the separate reservoirs. When the taps are turned into a
different position, and the plungers of both the syringes
simultaneously pressed, the solutions can be delivered to the

mixinz chamber, leading to the spectrophotometer cell.

2.8.2 Procedure

Before the start of the experiment the dip cooler is switched on

to bring the temperature of the cooling water (containing the

4
recommended amount of nethansl 22! down to.about 6°C, Then the
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circulating pump is switched on and the two reacting solutions

drawn into the respective syringes.

Although the two solutions have been cooled down to the desired
temperature, but beforehand they are left in the syringe assembly

for a few minutes to reach a constant temperature.

After the spectrophotometer has been zeroed, and the recorder
switched on, the plunger on the syringes is pushed gently. This
transfers the two solutions to the mixing chamber where they can
react together, the resultant solution being delivered to the

spectrophotometer cell.

A problem is encountered in this experiment that because of the

low temperature, about 6°C, of the solutions, there was a great
amount of condensation on the outer surface of the quartz
spectrophotometer cell. This is overcome by placing dry silica

cel within the cell housing, in addition to flushing it with
nitrogen to minimize further the moisture content of the air around

the cell.

2.8.3 Equipment

Spectrophotometer Pye Unicam SP8 = 100
RU 5 Dip Cooler machine

Circulatinz pump.
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2,9 Preparations

2.9.1 Diaryl Ditellurides

All of the diaryl ditellurides are prepared according to the
methods mentioned in the literature, with slight modifications,
i.,e. all of the preparations and manipulations of the diaryl
ditelluride solutions are carried out in the dark. Also petroleum
ether is used as a recrystallisation solvent instead of alcohol

as recommended in some methods.

2.9.1.1 Preparation of Bis-p-phenetyl Ditelluride(as)

2.9.1.1.1 p-phenetyltellurium Trichloride

Phenetol (17.0g), tellurium tetrachloride (12.,0z) and dry
chloroform or carbon tetrachloride (75ml) are mixed together,

and heated under reflux with exclusion of moist air, during 2 hours.
Hydrogen chloride is evolved and the solid dissolved. During
heating a copious precipitate of glistening yellow flakes,
consisting of practically pure p-phenetyltellurium trichloride,
which was removed after one day, washed with a little cold chloro-

o
form, and dried. Yellow crystals (14.6)g were obtained and melted

(36)

at 184 - 186°C (1it.'>°’ 182 - 183°C), without further recrystal-

lization.

(Found : C, 27.0%, H, 2.5%; CBH ClBOTe requires: C,27.1%, H, 2.55%).

9
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2.9.1.1.2 Bis-p-phenetyl Ditelluride

p=-phenetyltellurium trichloride (6g) was reduced, at OOC with
(11.3g) of potassium metabisulphite in water (50ml). The

solution was slowly added, with continuous stirring. The orange
precipitate appeared, after the solution was used up, stirring

was continued for another hour. The product was filtered and
dried over P4010 in a vacuum desiccator. The ditelluride was then
recrystallized from petroleum ether (bp 80 = Mxﬂjin fluffy masses
of brilliant, orange-red needles or golden-—orange plates, melting

(36) 107 - 108%).

at (102 - 104°C) to a deep red liquid (1lit.
(Found : C, 38.5; H, 3.6; Te, 51.33 requires: C, 38.6; H, 3.6;
Ta, 51.3%)s

3.9.1.2. Diphenyl Ditelluride’ 7}

Phenylmagnesium bromide (45.3g) which was prepared from 52g of
phenylbromide and 8g of magnesium; in 250ml of tetrahydrofuran;

was placed in a 500ml Erlenmeyer flask, which was kept open to the
atmosphere. Tellurium powder (33g) was stirred into the Grignard
solution. The reactioﬁ started in a few minutes. As soon as

some ditelluride had formed, by the appearance of a red colour,

the solution was cooled to OOC. Oxyzen was flowed into the flask
from time to time for an hour. The mixture was then warmed to room
temperature and stirred for an addition l.5h. The mixture was then
poured into a large beaker and allowed to stand overnight in

contact with the atmosphere.
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The solid red product was treated with an aqueous ammonium
chloride solution. From this heterogeneous mixture the

diphenyl ditelluride was extracted with diethyl ether. Orange-red
crystals of diphenyl ditelluride were obtained upon evaporation

of the ether. The ditelluride was then re-crystallized from
petroleum ether (bp 30 - 4000). The orange needle crystals are

(37) 6 - 67°C).

melted at 65 — 66°C (lit.
{Found :.C, 35.3; H, 2.5; Te, B2,3§ requlres: €, 35:3; H; 2.5
Te, 62.3%).

2.9.1.3 Bis-p -chlorophenyl Ditelluride(as)

2.2,1.3.1 p-chlorophenyltellurium Trichloride

A mixture of (2.7g) of tellurium tetrachloride and (3.5g) of
p—chlorophenyl mercuric chloride in (30ml) of dry dioxane, was
boiled for 4 hours in a round bottomed flask fitted with a reflux
condenser protected by a calcium chloride tube. The colourless
plates of the complex compound of mercuric chloride with dioxane
were filtered off, and dioxane was vacuum=distilled from the
filtrate. The residue was crystallized from a large volume of
benzene to remove traces of mercuric chloride. The substance was
recrystallized from a mixture of benzene and petroleum ether.

(Found s O 2025 Hy 1:23 06H4Tet314 requires: C, 20.9; H, 1.2%).

2,9,1.3.2 Bis=-p-chlorophenyl Ditelluride

A cround mixture of (.0l liole) of the p-chlorophenyltellurium

trichloride and (.08 mole) of HaDS.QH?O was heated with stirring

T



in a boiling water bath for 20 - 30 minutes. The resulting
mixture was diluted with ice water, and precipitate of the
diarylditelluride was filtered off, washed with water, dried in
a vacuum desiccator, and recrystallized from petroleum ether
or benzene., The percentage of Te found was 53.5; C.,_H_Cl_Te

32 Bi 22

requires Te 53.4%.

o8 3.4 Bisasatolrisiatiietds 0!

2.9.1.4.1 p-=tolyltelluritrichloride

The procedure vas carried out similar to the synthesis of
p-chlorophenyltelluritrichloride. p=-tolylmercuric chloride (3.32)
and tellurium tetrachloride (2.7g) were refluxed for one hour in
dry dioxane (20ml). The colourless crystals wereobtained from
benzene-petroleun ether, melted at 1800 - 18208. On analysis the

percentage of C, H, and Te found were 25.8; 2.9 and 39.4

respectively. C H7TeCl requires C 25.8, H 2.9, Te 39.3%.

7 3

2,9.1.4,2 Bis-p-tolylditelluride

p-tolyl telluritrichloride (1.3g) was dissolved in 2N sodium
hydroxide (5ml) and neutralized with dilute acetic acid, causing

the separation of a white amorphous solid. Potassium metabisulphite
(2g) was then added and after standing for 30 minutes at room
temperature the solution was extracted with ether. After drying

and evaporating, the crude ditelluride was recrystallized from
ether, it formed bright orange felted fibres, m.pt. (50 - 52°C)

liésg) (SE-JmOCL On analysis the percentaszes of C, H and Te found
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were 38.3; 3.2 and 58.5 respectively. CldH14Tez requires C 38.4,

H 3.2, Te 58.4%.

(40)

2.9.2 Sublimation of Iodine

This process is employed to separate volatile substances from
non-volatile impurities. The iodine was placed in a porcelain
dish, and was gently heated, the vapour then condensed upon a

flask containing cold water.

Iodine (1l0g) was ground together with (4g) potassium iodide; any
chloride or bromide present will thus be retained as the non-
volatile potassium salts; the mixture was transferred to a beaker,
a flask almost filled with cold water was placed on the beaker. It
was heated gently until sufficient iodine was sublimed on to the
bottom of the flask, after allowing to ccol, the flask was removed
with iodine adhering to it. @ Cold water was passed rapidly
through the flask; then the whole of the crust was removed by

a clean glass rod and was collected on a clock glass.

The sublimation was then repeated without the addition of potassium
iodide. The sublimate was removed as before and dried in a
desiccator containing calcium chloride.

(41)

2.9.3 p-phenetyltelluriumtri-iodide

Bis-p-ethoxyphenyl ditelluride (1.0g) reacted with iodine (1.6g)
in carbon tetrachloride. The product obtained was recrystallized

from benzene afforded black needle crystals, which melted at
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(4)

133 - 134°C (1it. 133 - 134%).

tFound ¢ €, 15.53 H;, 1.4; 08H§I30 Te requires: C, 15.3; H, 1.45%).

2.9.4 Tetrakis (triphenylphosphine) platinum (0)(42)

Triphenylphosphine (15.4g) was dissolved in (200ml) of absolute
ethanol at 6500. When the solution was clear a solution of (1l.4g)
of potassium hydroxide in a mixture ;f 32ml of ethanol and 8ml of
water was added. Then (5.24g) of potassium tetrachloropiatinate (II)
dissolved in 50ml of water was slowly added to the alkaline
triphenylphosphine solution while stirring at 6500. The addition
should be completed in about 20 minutes. A pale 'yellow compound
begins to separate within a few minutes. After cooling the compound
was washed with 150ml of warm ethanol then with 60ml of cold water,
and acain with 50ml of cold ethanol. The resulting yellow powder
was dried in vacuo for 2 hours. The compound must be stored under
pure nitrogen.

(43)

2.9.5 Trans—chlorocarbonylbis (triphenylphosphine) iridium

In a 250ml round bottomed flask (3.25g) of iridium (III) Chloride
3-hydrate was mixed with (13.lg) of triphenylphosphine, and

150ml of dimethylformamide, the mixture was heated at vigorous
reflux for 12 hours. The resulting red-brown solution was filtered

while hot, 300ml of warm methanol was rapidly added with stirring.

The mixture was then cooled in an ice bath, and the yellow crystals

were collected on a filter and washed with 50ml of cold methanol.
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2.9.6 Pentacyanocobaltate (II)(44)

The solution of (Co (CN)53_) was simply prepared by addition of
excess potassium cyanide to a solution of cobaltous chloride;
about 6 : 1 ratio in concentrations respectively; in an inert
atmosphere. The light brown cobaltous cyanide which initially
precipitated re-dissolved forming an olive-green solution of the
penta co-ordinate complex anion. It was found that the reaction
took place both in the aqueous and methanolic media as mentioned

in the literature.(ds)

2.9.7 Phenetyllithium Telluride'3°)

Bis-p-phenetyl ditelluride (0.0l mol) was dissolved in dry
tetrahydrofuran (100ml) and placed into a 250ml three necked flask
equipped with a high speed wire stirrer and a nitrogen inlet tube.
The solution was kept under an inert atmosphere of nitrogen.
Freshly cut small pieces of lithium metal (0.02 mol) were added

through the third neck.

The mixture was stirred for eight hours at room temperature, then
the initially dark red solution became yellowish-brown. After the
removal of the unreacted lithium metal, the spin trap was added to
stabilise the free radical of p-phenetyltelluride. The mixture

was added to a capillary tube and an ESR spectrum of this sample

was obtained.
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2,9.8 Phenetyl Lithium

Butyl lithium (0.l mole) was added to p-phenetyl bromide (0.1 Mole)
under an inert atmosphere. A dry box was used to maintain the
protection from moisture. The spin trap. was added to stabilise
the free radical of p=phenetyl. The reactants were mixed well,

and added to a capillary tube. The ESR spectrum of this sample

was obtained.

2.9.9 Filter Solution for Isolation of the Wavelengths Region

Between 4045 - 4078A

Components 2 2 3
CuSO4.5H2O I2O.7Sg in Quinine hydro-
0.44g/10ml. 100m1 chloride, 2g/
2.7 NH40H CCl4 100ml. H20

Path Length 10cm lem lem

Fiz. 3 illustrates the transmission of the filter combination for
isolation of the wavelengths region between 4045 - 4078A due

to the literature.M?J

The absorbance spectra shown in Fig. 4 for the filter components,
shows the window which had been left for the wavelengths around
4000A. This filter was used to determine the quantum yield of

the radiation as explained in the next section.
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2.9.,10 Liquid Phase Chemical Actinometry(ds)

2.9.10.1 Reagents

Solution of 0.1% (by weight) 1,10 - phenanthroline in water.

Biif fer solution prepared from 600ml of 1N N30200H3 and 360ml

1N H2504 diluted to 1 litre. Solution of 0.15 M potassium

ferrioxalate.

2.9.10.,2 Preparation of Potassium Ferrioxalate

Pure solid reactant was prepared by mixing 3 volumes of 1.5l
}{20204 solution and one volume of 1.5 U FeCl3 solution with

vigorous stirring. The precipitated K3Fe(0204)3.3H20 was
re-crystallized three times from warm water and then dried in a

current of warm air.

In the present work with the ditelluride, calculations show that
essentially all the light incident on the reactants is absorbed.

To determine the intensity of the incident radiation 0.15 M solution

(48

of potassium ferrioxalate was used as recommended in the literature.

To prepare 0.15 I solution of K3Fe(0204)3, (7.37g) of the solid
were dissolved in 80ml of H2O, 10ml 1.0N IIDSOd were added, and the
solution was diluted to 100ml and mixed. For all quantitative

work the preparation and the manipulation of the ferrioxalate

solutions must be carried out in a dark room.
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2.9.10.3 Determination of the Quantum Yield( =

To determine the quantum yield, the following procedure had

been followed:

l. To the round bottomed flask mentioned in Section 2.7.1,

85ml of potassium ferrioxalate 0.15M solution was added, as an
actinometer. It was irradiated for 80 minutes, after that 1Oml
of the photolyte solution was taken into a small wlumetric flask
of 25ml. About 2ml of the phenanthroline solution and 5ml of
buffer solution (both mentioned in Section 2.9.10.1)were added: .
The solution then diluted to the mark of the flask with water,

mixed well and allowed to stand for one hour.

Another solution was prepared as an identical but un-irradiated,
for use as the blank in the reference beam, and it was allowed to
stand as before. Then the transmission of the solution was
measured in the spectrophotometer at 510 nm in a lcm quartz cell,

using the blank solution in the reference beam.

2. The toluene solution of 10—3M bis-p-phenetylditelluride with
20% ethanol was added to the flask mentioned above, instead of
the ferrioxalate solution and was irradiated through the filter
solution as described above. The absorbance was monitored in the

spectrophotometer at 395 nm each 30 minutes.
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2.9.11 Attempts to React Tetrakis (triphenylphosphine) Platinum

with Diarylditellurides

Bis-p-phenetylditelluride 2.48g was dissolved in 150ml of dry
toluene ih a round bottomed flask 250ml which was surrounded by
aluminium foil. Platinum tetrakis-triphenylphosphine 6.2¢ was

added with continuous stirring under dry nitrogen.

The mixture was kept stirring for 24 hours, but no reaction seems

to take place.

2.9.12 Reaction Between Potassium Pentacyanocobalt and Diaryl-

ditelluride

This reaction was followed by adding two different amounts of the

diarylditelluride, as described below:

1. Bis-p-phenetylditelluride 2.48gz was dissolved in 200ml of
warm methanol, and then added to a 0.005mol solution of freshly prepared
notassium pentacyano cobalt as described in Section 2.9.6, in a

500ml round bottomed flask surrounded by aluminium foil.

The mixture was then stirred for a few minutes under an inert
atmosphere, then the solvent removed with the help of a rotatory

evaporator and the product obtained.

2. The above nrocedure was also repeated using trace amounts of
big-p-phenetyl ditelluride instead of the larger cuantities
mentioned asbove. The product obtained in both cases could not be
characterised fullye.
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2.10 Preparation of Some New Compounds

2.10.1 Bis(p-ethoxyphenyltellurenyl) Oxide

The toluene solution of bis-p-phenetylditelluride (.005M) in
presence of a small amount of ethanol, was irradiated with visible
light from a 60 watt domestic bulb. After irradiating the
reaction mixture for one hour, the orange-red colour of the
solution had disappeared. After evaporation of the solvent an

oily product was obtained, which was dried unden vacuum.

The dried solid bis{p-phenetyltellurenyl)oxide was found to melt
at 15000, and the elemental analysis yielded the following values
for carbon, hydrogen and tellurium respectively,37.7; 3.6 and

3 . . . o f
50 percent. ClBHIBOSTe2 requires : C 37.5; H 3.5; Te 49.5%.
In the same way divhenylditelluride was irradiated and the product

obtained was bis (phenyltellurenyl) oxide.

2.10.2 Iridium Bis-triphenyl Phosphine Carbonyl Bis-p-ethoxy-

phenyltelluride Chloride

To a solution of bis-p-ethoxy phenylditelluride (4.96g in

150ml of dry toluene) in a round bottomed flask (7.79g) of iridium
bis-trivhenylphosphine carbonyl chloride was added with continuous
stirring. The round bottomed flask had been surrounded by

'aluminium foil' to pretect the reaction mixture from the effect

of 1i’3_'hto
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The mixture was kept stirring for two hours with gentle heating
under an inert atmosphere. After this period of time the homogenous
solution produced was transferred to a rotatory evaporator to

remove the solvent. After evaporation of most of the solvent, a
light brown solid substance was left behind, which was dried over

P vacuum desiccator overnight. The dried material had

%10 ina
a melting point of 70°¢C and the elemental analysis yielded the
following wvalues: C 49.1; H 3.9; C1 4,.,4; P 6.5; Te 20.2%;
C53H4803Te2P2IrCl requires, C 49.,8; H 3.8; Cl 2.,8; P 4.,9; Te 20%.
Using the same procedure with different diarylditelluride, i.e.

diphenyl ditelluride, bis-p-tolyl ditelluride and bis-p-chlorophenyl"

ditelluride, the following products were obtained, respectively:

Iridium bis-triphenylphosphine carbonyl bis-phenyltelluride chloride;
Iridium bis-triphenyl phosphine carbonyl bis-tolyl telluride
chloride, and

Iridium bis-triphenylphosphine carbonyl bis-p-chlorophenyl telluride

chloride.
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CHAPTER THREE




IRRADIATION OF DIARYL DITELLURIDES IN SOLUTION

INTRODUCTION

A review of the literature shows that not much work has been
reported dealing with photoreactions of organic tellurium

and selenium chemistry as indicated below.

The photolysis of bis (2-cyanoethyl) selenide was reported to
give a complex mixture of products. The reaction is strongly
solvent-dependent. In methanol solution, the major product
(64%) is elemental selenium, with traces of other products,
but in tetrahydrofuran solution less elemental selenium is

4
obtained and most of the product (66%) was the diselenides %)

The same procedure was repeated with bis [2-(methoxycarbony1)
ethyl] selenide. By using methanol and tetrahydrofuran as
solvent, the major product is elemental selenium 54% and 96%

A
respectively, with some traces of other productsf o

R'= CN

>Se + traces of other products
Me OH (64%)

n'—“CN

Se + (NCCH_.CH Se)2 + traces of

H—CH20H2\ 20 Pl e
otherproducts
//'Se (23%) (66%) products
Se + traces of other products
R-CH_CH
- i MeOH (54%)

=CDDCH3
Se + dimethyl adipate + traces
THF
(96%) (10%) of other
products
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The preparation of tellurium perfluoroalkyls by photolysis
of dimethyl telluride in the presence of perfluoro alkyl

iodides under very mild conditions, has been reported.(50)
By condensing dimethyl telluride and perfluoroalkyl iodide
in a vycor tube and subjecting the system to UV light, the

perfluoroalkyl substituted telluride is obtained, with

good conversion of the iodide.

hv
RfI + CH3 - Tal = CH3 'ﬁ? Rf-TeCH. + Rf-Te-Rf

3
a,b a,b a,b
a RE = CF3
b Rf:CZFS

The oxidation of selenides to selenoxides with photochemically

(51)

generated singlet oxygen was described recently.

Dialkyl and arylalkyl selenides are oxidized to form selenoxides
under irradiation in methanol solution in the presence of rose

bengal and oxygen.

hv
R - Se — R —O‘-'>R—Se—}3
5

The yields of selenoxides are very high, no selenone formation
is observed in any of the reactions. In some cases the known
thermal elimination of selenenic acids, RSeOH occurred, leading
to formation of olefins. This is especially pronounced with
}?-hydroxy selenides which undergoes partial conversion into

alkyl alcohols,. The yields of alkyl alcohols increase with

L i




rising temperature and duration of irradiation. This alkyl

(51)
aloohol is not oxidised on irradiation.

Some studies have also been made on photochemical reactions
of diselenides. Irradiation of dibenzyl diselenide with 350 nm

light in the presence of oxygen affordsbenzaldehyde and

elemental selenium(Sz).whereas irradiation in the absence of
-54
oxygen leads to dibenzyl selenide and selenium.(s2 54)
hv, 350nm
PhCH, - Se - Se - CH, Ph == 2PhCHO + 2Se
02
hv, 350nm

= Ba, - S0 N R, . S =
PhCH, - Se - Se - CH, Ph hCH, - Se - CH,Ph + Se

02 excluded

It seems that both B8e - Se and C - Se scissions are possible

in the photolysis of dibenzyl diselenide, the benzylselenyl rad-
icals if initially formed might combine or attack the weak

Se = Se linkage leading to radical displacement and reformation
of dibenzyl diselenide, Neither of these reactions leads to
the observed photoproducts. Therefore, the most probable

step leading to the formation of the observed photolysis

product is the C - Se scission.(sa)

The first photochemical deselenation of a diethyl diselenide

by a diphenyl methyl phosphine was described by Cross and

(57) This reaction proceeds smoothly under UV

Millingtone
irradiation and in the absence of air by an EtSe’ radical chain

mechanism to form diethyl selenide and Ph_MePSe in high yield,

2
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More detailed results were recently published on this

(58) although cleavage of Se - C bonds may be

photoreaction
involved in the UV irradiation of the diselenide, cleavage

of Se - Se bonds seems more important in these reactions.

Irradiation of dibenzyl diselenide in the presence of an
excess of triphenyl phosphine in degassed acetonitrile at
350nm yields 66,1% of dibenzyl selenide, 32.3% of bibenzyl

and 65.,1% of triphenyl phosphine selenide.(54)

Under these conditions, the formation of elemental selenium
is completely suppressed. In the presence of molecular
oxygen, triphenyl phosphine selenide reacts further to produce

54
triphenyl phosphine oxide and elemental selenium.(g )

hv
PhCH, - Se - Se - CH,Ph + (Ph)3P —_—
excluding

1) air

PhCHgSeCdzph + (CHzPh)2 + (Ph)3 PSe

2 3

The major primary photoprocess in the conversion of 1 to 2 + 3
in the above equation is the facile Se - Se bond cleavage., It
appears that benzyl selenyl radicals are trapped by triphenyl
phosphine to form triphenyl phosphine selenide and benzyl
radicals, which subsequently react to form bibenzyl and

dibenzyl selenide.(ng

AT



hv
PhCH,- Se-Se-CH-Ph —_— 2 PhCH2-Se'
PhCH-Se” + (Ph) P ——— FROL, (& FhgrFae
PhéH2 + PhCH; SeSeCH,Ph —————> PhCH,SeCH,Ph + PhCH,Se

CH, ———
2 PhCH, - PhCH,,CH,Ph

The work described here started as a result of the use of
laboratory grade chloroform as a solvent for ditellurides.
Accidentally it was observed that the colour of the

diaryl ditelluride solution disappears gradually with time,
but no such change is observed with other solvents such as
toluene. Perhaps it is the small amount of alcohol present

in commercial chloroform which is responsible for the lowering

of the colour.

Over the period of the last two/three years, since the
present study into the kinetics of photoreactions of the
diaryl ditelluride compounds was initiated, many related

reports have appeared in the literature.

The photochemical oxidation of dibenzyl telluride in carbon
tetrachloride solution, after 24 hours of irradiation produces
black elemental tellurium and benzaldehyde (42 - 66%) depending
on the concentration of the dibenzyl telluride (low concentration

gives less benzaldehyde), with some traces of other products.(Bg)
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The photoreactions of selenides and tellurides which do not
deposit elemental chalcogenes upon irradiation, has also been

described in the literature. Therefore, although the

elimination of elemental selenium(so) and tellurium(sg) is

an important reaction pathway, it is not a general rule,

Trifluoromethyl iodide reacts with selenophenols under UV

irradiation of their liquid ammonia solution to give the

perfluorcalkylated selenides.(61)

CF,I,hv,NHy

R SeH Se=CF

N
o

30 min.

Diaryl diselenides also enter into the perfluoroalkylation
reaction in liquid ammonia solution after previous reduction

to the corresponding selenophenols with metallic sodium.

Na RfI,hv

C5Hg Se Se C.H, —_ Cglig Se NNa _— CH Se RE

Related reactions between the phenylselenide(sz) or

(863)

phenyltelluride anion and haloarenes have been observed.
They were reported to undergo photo—SRNl mechanism of aromatic

substitution reactions upon irradiation in liquid ammonia.

A



ArX + PhTe ———> (ArX)T + PhTe’

(ArX)*® ———> Are + 2%
Ar® + PhTe ————> (ArTePh)°’

(ArTePh)* + ArX ———> ArTePh + (ArX)-

It has been found that irradiation of water-alcohol solutions
of the halogen derivatives of benzene, naphthalene and

heterocyclic series containing a donating group (OCH NR2),

3'
or donating and accepting (NH2,CN) groups, in the presence of

selenocyanate ion stimulates the formation of diaryl diselenides

or aryl-selenocyanates, as shown below, =5)

a,b

~SeSe-
hv, MSeCN, H,0 /——9 Ar-SeSe-Ar

Ar=X \
HOC(CH,) , ——> Ar-SeCN
C’d
M X Ar
a Na Cl
-@—OCH
3
N CH
b K Br i
N
<O+
NC 2
c K Cl
{O)-w,
d K Cl

O

H2N

The reaction is of interest as a preparative method for the

introduction of selenium into the aromatic ring.
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The response of benzyl tellurocyanate on exposure to light

and air was reported recently to be its darkening. It is stable
to light alone, in the absence of oxygen. A solution of the
benzyl tellurocyanate in CDCl3 can be irradiated under

(84) Under the

nitrogen for 40 hours without decomposition.
same conditions, but with an oxygen atmosphere, a black
precipitate of elemental tellurium is obtained, while the
final solution eentains only a mixture of benzaldehyde (60%)
and benzyl alcohol (40%).(64)

The mechanism of this first and only photo woxidation of a
tellurocyanate reported in the literature, so far, could

involve an attack by singlet oxygen to give the 1,3 - dipolar

peroxide as shown below. Rearrangement of this compound may

give an unstable benzyl peroxytellurocyanate, from which

benzaldehyde and benzyl alcohol are derivable by way of

(64)

benzyloxy radicals.

hv D ﬂ

= h. I Ph e < -
Ph CH2 TeCl —02% h CH2 TT

—

_— [h—CH Te-&]——-—} [h—CH 0

—H Ph - CHO + PhCHEOH

-




Very few studies have been made on photochemical reactions of

diorgano ditellurides. The first report on the photochemistry

(59)

of ditellurides was published by Spencer and Cava in
1977. Dibenzyl ditelluride was reported to be very sensitive
to UV light and produces in the presence of oxygen the same

(59)

photoproducts obtained from dibenzyl diselenide under

identical reaction conditions, except tellurium instead of

selenium.
hv

PhCH, TeTeCH,Ph ———> PhCHO + PhCH,OH + PhCH, + PhCH,CH, Ph + Te
0
2

In the absence of oxygen parallelism is also observed in the

(59) and the

photochemical behaviour of the ditelluride

diselenide.tsa)

Ultraviolet irradiation of solutions of R2Tep (R = Et or PhCHg)

(59,65)

produces R_.Te and Te quantitatively In the presence of

2
tertiary phosphines, R; P [B;: thﬂe or Ph2 (CH2PPh2i] i
the reactions were accelerated via the formation of RéPTe,
which decomposes to liberate Te and reform Hé?. All the
reactions were interoreted in terms of an initiation step
involving photochemical cleavage of Te-C bonds. Comparisons
with analogous reaction of R2Se2 suggest that an X = C bond

is more easily cleaved by UV radiation as the group was descended

where X represents the group VI element.

= AB a2




The pulse radiolysis of some diaryl selenide, diaryl
diselenide, diaryl telluride and diaryl ditelluride in
neutral and acidic methanolic solution permitted the
observation of transients assigned to the radicals Arsé,

ArSeSe, and ArTe. (66)

For the diselenide two reaction modes are proposed, one
producing ﬁrS;:radical and the other ArSeSe radical. In
the cases of mono and ditelluride solutions no information
was obtained indicating the observation of ArTé radical.

» 7 6
The presence of this radical was merely assumed.( 6)

The preceding paragraphs summarise the published literature
in this area. Ue now turn to the original work covered by

this thesis.

Under aerobic conditions, irradiation with visible light

of a toluene solution of a diaryl ditelluride also containing
alcohol results in the bleaching of the orange/red colour of
the ditelluride. There is an initial induction period, which

is then followed by a rate profile which is fitted by the equation

\ /ErzTez_]

The half order equation probably indicates the homolytic

]

Kobs [ E'UOH] + Constant

cleavage of the Te — Te bond. The activation energy is

small indicating radical processes.

= AT S



The effect of alcohol on this reaction was found to be first

order with its concentration.

It was also found that alcohols with an(X- hydrogen, i.e.
methanol, ethanol, propanol =—————- etc., effect the reaction.
Those alcohols without an(X- hydrogen which were examined did

not effect the reaction.

ESR studies by irradiating the ditelluride while in the
cavity of the ESR Machine, give a spectrum with a broad sigmal.
This could indicate the involvement of a free radical process,

-1
The broad infrared band between (750-550cm) indicates the

involvement of Te = 0 bond in the product of the irradiation.

= ARt




RESULTS

Toluene solutions of bis-p-phenetyl ditelluride with added
ethanol were irradiated by a 60 watt domestic light bulb,

while being pumped continuously through a spectrophotometer
cell and back to the flask in a closed circuit as explained

in Section 2.7.

Firstly it was established that all results obtained are
reproducible.l It was found that the plots of absorbance
with respect to time had two distinet parts. An induction

period could be clearly identified.

The effect of the presence of oxygen on the reaction was
investigated by carrying out the experiment under three
different atmospheric conditions as indicated in Fig. (1).
Under a normal atmosphere (air),under an oxygen atmosphere, and

lastly under an inert (nitrogen) atmosphere.

It was observed that the induction period lasted for o

15 minutes under normal atmospheric conditiors, but that it
lasted longer in the case of the inert atmosphere. In the
case of excess oxyzen there was no detectable induction period

in the curve.

=49 =




The rate of the reaction for the rest of the curve fitted

the equation

\/Dt - Dgg = -kolBt + X

The rate constants for the above three conditions were found
to vary in the following order, excess oxygen > normal
conditio£j§> inert atmosphere. The numerical values of these

rate constants are shown in Table (1).

In the case of the inert atmosphere, although the solvents have
been deoxygenated and a dry box used to maintain the absence
of oxygen, the atmosphere is still not absolutely inert. It
is certain that some oxygen will have got in during setting up
of the apparatus, and perhaps also during the course of the
experiment, because of the porosity of the tubes used in the

kinetic apparatus, Section 2.7.

For the same, above mentioned, reasons, the experimental tech-
nique described was found not to be very accurately reproducible

when using atmospheres other than normal air.

The above experiment under air was repeated at different
temperatures(20 - 55°C) at 5°C intervals. The absorbance time
data was fed to the computer to obtain the rate of reaction
under these different temperatures, using the least squares
computer program (Appendix 1). The plot of rate of reaction
against temperature shows that there is no significant variation

of rate with temperature, see Figure (2), at least when the

= Bpi



temperature lies within (20 = SOOC), as shown in Table 2.

As with the temperature, the effect of the concentration of
alcohol on the rate of reaction was also studied. The
concentration of alcohol was varied from (7.5 - 30%), and

the value of rate of reaction was obtained as above (Table 3).
The plot of rate of reaction against concentration of alcohol
gives a straight line passing through the origin, as shown in

Figure 3.

To investigate the role of the alcohol, various alcohols,
some containing O~ hydrogen and some not, were used in place
of ethanol. Three alcohols of the former type, methanol, ethanol

and propanol; and two of the latter type (tertiary butanol and

phenol) were used. The effect of methanol is similar to that
of ethanol and propanol, as shown in Table 4, whereas in the
presence of tertiary butanol and phenol the reaction does not

take place.

Exveriments were also carried out in the presence and absence
of small amounts of water. The same rate of reaction is

obtained in both cases.

After the experiments with bis-p-phenetyl ditelluride, work
was undertaken using diphenyl ditelluride. The behaviour of
the latter is very similar to that of the former, the only
difference being that with diphenyl ditelluride the reaction

is mueh faster than with bis-p-phenetyl ditelluride.

R




To determine the quantum yield of the photochemical reaction,
potassium ferrioxalate was used for solution - phase chemical
actinometry. This compound is very sensitive to light and
simple to use. Its preparative method is mentioned in

Section 2.9.10.2.

Potassium ferrioxalate (0.15M solution 85ml) is added to the
round bottomed flask, equipped with a filter solution consisting
of three components: Ammonium hydroxide solution of cupric
sulphate, carbontetrachloride solution of iodine and quinine
hydrochloride solution. This filter is used for the isolation
of the wavelength region around 400 nm.(47) as explained in
Section 2.9.10. The ferrioxalate solution is irradiated through
this filter for 80 minutes. 10ml of the resulting photolyte
solution is then taken, diluted to 25ml with 0.l% of 1,10~
phenanthroline solution and buffer solution. This gives a

2+
solution of Ee(?hen)aj . The procedure is explained in

Section 2.9.10.2.

The experimental value of the molar extinction coefficient of

2+
[Ee{?hen)é] ig 1.1l % 104 litres/mole - cm.(aa)

The optical density obtained in my experiment = 1.187. 1In
1.187 o4

total solution we had produced : =——— x 2,5 M Fe 1.6,
11,100

1.187 x 2,6 x 85
11,100 x 1000 x 80

moles Fe2+/minute i.e.

-7
2.84 x 10 moles/minute

=yl 0 ==



Under our experimental conditions all light is absorbed, and
the quantum yield for this reaction is ~s 1

-7 23
.*. flux of light is 2.84 x 10 x 6.023 x 10

Repeating the same experiment with the filter solutions in
place but now using a toluene solution of bis-p-phenetyl
ditelluride with 20% ethanol, the curve in Figure (4) is

obtained at 395nm, see Section 2.9.10.3.

As observed from Figure (4), the slope of the curve, and
hence the quantum yield, varies with time, the instantaneous
value of the quantum yield being always ‘:;(3.7 (the value at

the maximum rate of reaction).

Concentrated solutions of the diaryl ditellurides in toluene
with some added ethanol were allowed to react under radiation
for a long time, about 24 hours. After such a period it is
found that the reaction product is an oily-gel (see Section

2.10.1) which can be dried under vacuum.

The infrared spectra of the above reaction products were
obtained using a KBr disc (Figures 5 and 6). From these
spectra it can be seen that, in the case of diphenyl
ditellurides the reaction product does not contain any aliphatic
groups which normally absorb around 2900 cm‘} Such groups

could only have come from the alcohol that is present in the

o B3 -



reaction mixture in this case. On the other hand, the
tellurium-oxygen broad band between (750 = 5503%) is
clearly identifiable. Therefore, the final product does not

contain incorporated alcohol.

Thin layer chromatography on silicagel was also used to study
the reaction solution at different stages of irradiation. The
solvents used were carbon tetrachloride, acetone, hexane,
chloroform, toluene, toluene + acetone and toluene + chloroform.

The following observations were made:-

Toluene solution of bis-p-phenetyl ditelluride has been

studied before irradiation; when the irradiation reaction is
half complete, and when the lamp is switched off after half
completion, the reaction solution then being left in the dark
for an hour. All of the above solvents give only one detectable

spote.

In the case after all of the colour of the ditelluride has been
bleached, some of the solvents, i.e. toluene, toluene + acetone,
and toluene + chloroform give two detectable spots. The rest

of the above solvents still give one spot only.

Lastly, when all of the colour of the ditelluride has been
bleached, and the solution has then been left in the dark over
nirht, some of the solvents, i.e. toluene, toluene + acetone and
toluene + chloroform give two detectable spots. The rest of

the above solvents give only one spot.

s B



Results for the e.s.r. study of the bis-p-phenetyl

ditelluride under different conditions are given below.

d Bt

I1T

IV

Toluene solutions of the ditelluride were irradiated in
the kinetic apparatus for 25 minutes under the following
conditions:- presence of ethanol and oxygen, absence of
ethanol but in presence of oxygen, and lastly in absence
of oxygen but in presence of ethanol. The solution then
transferred to an e.s.r. machine. Spectra obtained are

shown in Figures (7 and 8) in Appendix 2,

Experiments have also been carried out directly in the
e.s.r. cavity by placing the capillary containing the
toluene solution of the ditelluride in the cavity, and
irradiating the sample by photographic lamp (275 watt)
for 10 minutes, see Section 2.3.3, while the conditions
were varied as before, i.e. in presence and absence of
oxyzen and ethanol. Spectra obtained are shown in Figure

(9) in this Chapter, and Figure (10) in the Appendix 2.

A THF solution of the bis-p-phenetyl ditelluride after
treatment with lithium has also been studied, Section 2.9.7.

Spectrum obtained shown in Figure (11) in this Chapter.

An e.s.r. study has also been done for a solution of butyl

lithium and bromophenetol, Section 2.9.8. Figure (12) in

this Chapter shows the spectrum of this solution.

=IEE o



The 'g' values obtained in the experiments are presented in

Table 5.

It is interesting to note that when using ethanol and
bis-p-ethoxy phenyl ditelluride, if the light irradiating this
sample is switched off 30 minutes after the mixing of the
reagents, the absorbance starts to increase with time slowly

returning to its original level, as shown in Figure (13).

An experiment is also carried out in which the light is
switched off when the original reaction appeared to be almost
complete, no significant increase in the optical density takes

place.

A 'H NMR investigation was carried out for the diphenyl
ditelluride under different conditions 'with the follwing

results.

When freshly prepared diphenyl ditelluride was dissolved in

CDCl3 and the NMR spectrum was measured, the expected two peaks
belonging to the phenyl groups are observed as shown in Figure (14).
The same spectrum is obtained when a range of different

concentrations of the same ditelluride are used.
When the experiment is repeated with an aged sample of diphenyl

ditelluride (stored for a few months), an unexpected spectrum

with four peaks is observed as shown in Figure (15).
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% -h -1

10° K/T 10°k/mol dm min
3.41 0.38
3.36 0.35
3.30 0.41
3,25 0.40
3.19 0.39
3.14 ' 0.40
3.09 0.40
3.05 0.34

Table 2 : Variation of the Rate of Reaction with

Temperature.

SR




% =% =1

EtOH % 10° k/mol dm min
7.5 0.10
10 0.13
12,5 0.17
15 0.23
17.5 0.27
20 eI
22,5 0.33
25 0.35
27.5 0.39
30 0.45
325 0.47
35 0.52

Table 3 : Variation of the Value of Rate of Reaction

With the Concentration of Alcohol.

s =




% '7:. -1

Alcohol losk/mol dm min

Methanol 0.39

Ethanol 0.36

Propanol 0.36

Table 4 : Rate of Reaction at 25°C in the Presence

of Different Alcohols.
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18 X Concentration/mol a%

30

20

t/min.

Ficure 4 : Plot of Decrease in Concentration of bis-p-ethoxyphenyl

ditelluride with time.
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DISCUSSION

The visible irradiation, under aerobic conditions, of a
toluene solution of a diaryl ditelluride containing ethanol
results in the bleaching of the orange/red colour due to the
ditelluride. There is an initial induction period which may
represent the reaction of the oxygen to build up an inter-
mediate somehow. The induction period the%ﬁfollowed by a

rate profile which is fitted by the equation:-

Ar Te = kobs EtOH 0
XN [zt

The suitable concentration of the diaryl ditelluride solution
-3
used in the kinetic experiments is 1O0M. The initial optical

density of this solution is then approximately unity.

The depth of solution in the reaction vessel = 5cm

- (10)
%210 (T)

co st - 0

therefore 1 = 5,

o - A3Y 14oht at): 395nm is absorbed.

When the ditelluride solution is irradiated through the filter
solutions, Section 2.9.,9, it shows that'>\= 395 nm is activating,
i.e. the opntical density of the solution decreased with time.

So that the depth of solution in the reaction vessel and the
optical density of the solution at the absorption maximum of

the ditelluride (395nm) are such that essentially all incident
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radiation of this wavelength is absorbed. That is, the rate
of formation of the initial excited state will be zeroth
order in ditelluride:

*

hv
Ar,Te, — Ar,Te, zero order in Ar,Te,

the observed kinetic equation means that:

- a [ar,Te,] %
it e ErzTez‘—_l

The exponent (%) does not depend on the light absorption so

*

that the ditelluride molecule in the excited state, Ar Te2 , must

2
react with another ditelluride molecule, and hence homolytic

cleavage of at least one Te-Te bond takes place.

The experimental design means that it is impossible to exclude
all traces of air. When the reaction is studied under almost
pure nitrogen, the induction period lengthens and kobs drops.
Under almost pure oxygen, the induction period disappears, see
Ficure 1 and lobs rises, Table 1. The values of kobs show

that molecular oxyzen is involved in the reaction, but not with

a simple first order dependence.

The straisht line passinz through the origin obtained from the
plot of rate of reaction against concentration of ethanol,
Figzure 3, indicates that the rate of reaction is directly

proportional to the concentration of alcohol.
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The constant, kobs, varies very little with temperature,

see Figure 2. That means the activation energy is nearly

zero. This fact, and the half order kinetic equation imply

the involvement of radicals formed by the cleavage of aditelluride.
The e.s.r. data summarised below seems to confirm this

deduction.

The maximum value of the quantum yield (i.e. at the maximum
rate of reaction) is ~~ 0.7. This value does not prove that

it is chain, reaction, because the quantum yield value required
for a chain reaction to take place is normally greater than one.

But, for such a complicated photochemical process which involves

reactions between the ditelluride solution with oxygen and
ethanol, a chain reaction seems likely for such a high quantum

yvield.

A typical reaction solution of diaryl ditelluride in toluene,
after irradiation for twenty five minutes under the usual
reaction conditions, see Section 2.7.1l, shows an e.s.r. signal.
This indicates that free radical processes are involved in the
reaction. The signal is a broad one; that may mean the free
radical obtained contains tellurium. To identify the radical
obtained a tetrahydrofuran solution of the same ditelluride has
been treated with lithium, as explained in Section 2.9.7. This
shows the same broad signal with the same 'g' value. On the
other hand, butyl lithium and p-bromophenetoleyield a totally

different e.s.r. signal.

e




The same signal with the same 'g' value is also obtained when

a solution of diaryl ditelluride in toluene, under aerobic
conditions, is irradiated with visible light while in an
e.s.r. cavity, see Section 2.3.3. The same signal is obtained
whether or not ethanol is present, but no signal appears in the

absence of molecular oxygen, (see Table 5 and Figures 7 - 12).

This clearly indicates that the presence of oxygen plays an
important part in this reaction. Also, it indicates that
ethanol is involved in the reaction but after the formation of

radicals.

Irradiating a concentrated toluene solution of the diaryl
ditelluride with some added ethanol for a long time, Section
2.10.1, can produce an oily-gel product, which can be dried
under vacuum. The solid product obtained, which is insoluble
in most of the organic solvents, appears in slightly different
colours. This may depend upon the amount of some side products
which appear during the irradiation reaction. That means the

final product is impure, and it is not easy to purify.

Infrared spectra show that in the case of diphenyl ditelluride,
the final product of reaction does not contain any aliphatic
groups (Figure 6). Such groups could only have come from the
alcohol that is present in the reaction mixture, it appears
that the alcohol is not incorporated in the product although

its presence is essential to the reaction.
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The broad infrared band between 750 - 550 EJ% indicates the

(29)

presence of a tellurium oxygen bond, Figures 5 and 6,
This observation, accompanied with the elemental analysis
mentioned in Section 2.10.1, leads to the structure

0]

Ar Te Te Ar, for the product, bis(p-phenetyl tellurenyl)-

oxide.

To study the source of the oxygen:'atom appearing in the

product Ar 0, an experiment was carried out by irradiating

T8
the ditelluride solutions in the presence and absence of water.
The presence of water does not affect the course of the photo-
lysis. Even with thoroughly dried materials, the irradiation
reaction takes place as normal. This clearly indicates that

the oxygen atom appearing in the product ArzTezo is not from

traces of water in the system,

In the almost total absence of oxygen, using deoxygenated sol-
vents, the reaction profile is different from that usually

seen. The induction period is much longer, and the rate of
reaction, when it commences, is much reduced, which demon-
strates the involvement of molecular oxygen. If the abstraction
of an oxygen atom from ethanol is excluded, then the only
possibility is that molecular oxygen is cleaved and incorporated

in the product.
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Thin layer chromatography shows only one major coloured
compound early on, i.e. before irradiation, and when the
ditelluride has been irradiated until the reaction is half
complete. But, in the cases when all of the colour of the
ditelluride solution has bleached, and also when the photolyte
solution is left in the dark for a long time, two compounds
can be detected. That means the product at this stage is

not just one compound.

It was observed that when a photochemical experiment is allowed

to proceed until the ditelluride concentration is halved (as

measured by optical density) and the lamp then switched off,

the ditelluride concentration slowly returns to its original

level as shown in Figure 13. This does not happen when once

the optical density has reached its final value. Taken in
eonjunction with the e.s.r. observations, this implies the

original formation of a radical species which is then converted

into a longer lived intermediate. On switching off the light

at this stage, the long lived intermediate slowly yields a

product, a, new coloured material, perhaps:-

Ar

Te
7N

Ar - Te = Te - Ar, or by elimination of one of the aryl groups

from the above compound ArTeaAr.

In the absence of ethanol significant changes in optical density

upon irradiation take much longer to occur.
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Investigations have been made using various alcoholg, some
H
containing - hydrogen (— C - OH), and some not. It was

found that alcohols with an®- hydrogen, e.g. CH_OH, 02H OH

3 5

and C3H70H, have the same effect on the irradiation reaction,
but alcohols without an({-— hydrogen, e.g. tertiary butanol and
phenol do not effect the reaction. This probably indicates

that the presence of an alcohol with anf¢- hydrogen is necessary

for the reaction to take place.

From the 'H NIR observations of fresh diphenyl ditelluride

the only two peaks appear in the spectrum, see Figure 14,
indicating that the two phenyl groups are in the same environ-
ment, at least on an NMR timescale. While in the old sample of
the same ditelluride the presence of the four peaks in the
spectrum could indicate the different environment of the two
phenyl groups (see Figure 15). This may arise as a result of
the dioxygen's attacking the tellurium atoms and hence the
phenyl positions could become non-equivalent.

Investigations by Granger(67) have proved that when the
ditellurides are treated with solvents under normal conditions,
the CIDNP effect is observed. This implies the existence of a
radical process, while when the ditellurides are dissolved in

deoxygenated solvents no CIDNP effect is observed,
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From the above observations for the photochemical reaction
the following plausible reaction mechanism can be suggested,

where Te2 represents the diaryl ditelluride.

e




hv » :
d
T32 —kﬁ ’I'92 zeroth order in [TE.‘2 ]

+*
Te2 kla Tea2

*

k
2
Te, +0, —=>Te0,

If the steady state hypothesis can be applied, i.e. assuming

¥*
that the concentration of Te2 is small and constant;
#*
I:Te2 ]: ko / (k, + Kk, o, 1)
k3

'I‘ezo2 _> Te, + 0,
Te 0. + Te -—-’-‘-4% 2Te + Te, + O

2 2 2 2

Steady state treatment gives:
Erezoﬂ e kok2[02:| / (&, + Kk, ['_02]) (ky +k, [Te,])

k5
Te + EtOH ——> TeH + R

k
Te, + R %6 TeR + Te

Steady state treatment for R gives, if k

8 andkg below are

umimportant:

o BB - x, 2,0

A




Steady state treatment for Te therefore gives:

2k, [ Te,0, JLre,] = 2k, [Te] ° if again kg is
unimportant =

kkk, [0,]C 1e, ]
e [e]- k, (k) + k, [o,]) (kg + k,[Te, ]
- a[r
——%] = k. [re][eron] + x, [re,]J[R]

= 2k, [re](eto]
If k3>> k, [Te,]» then

S B LTS IS L

K
= k
at ¥ kok, (k) + 1<2[o2])

For the above scheme, the rate of reaction is half order
with respect to the ditelluride, and first order with respect
to ethanol concentrations. This is in agreement with what

is found in the kinetic studies discussed previously.

The scheme also requires that the observed rate constant

varies with the oxygen concentration in a non-linear manner.

kokok, EOg]

1‘{3!{7“:1 + k2|:02 ])

)

- Rl



But, as was mentioned above, the experimental method makes it
impossible to exclude all traces of air. It is not possible
to control the amount of oxygen involved sufficiently to test

this relationship. Using two points, the equation

i 1
(——h——g) pure 0, = (=—7) air =
kobs 2 kobs
klk3k7 ) § > 1
4k0k2k4k52 [02] pure [Oﬂ air

could be used, but the reliability of the derived constant

would be uncertain.

In this reaction it is not clear which of the following
reactions takes place first : the dioxygen with the
ditelluride, or the combination of two ditelluride molecules.
In both cases the resultant kinetic equation is of the same

form.

If the dioxygen reacts with the ditelluride first then the

summary of the assumed mechanism could be written out

fully as:-

- e



o hv e ;

Ar2;62 —HE-€> Ar2T92 zeroth order in [}r2T32 (1)

0

Ar Te* —i) Ar.Te (2)
2 2 2=
RN L S

Arares * 0g Eai95H (3)
Te 0. —2 3

Ar,Te 0, Ap;Te, + O, (4)

0 A k_d) 27
ArzTe2 o * rz’l‘e2 rTe + ArETe2 + 02 (5)
kg
ArTe + CH3CH20H —_—>» ArTeH + CH3 - CHOH (6)
: k6
Ar2T82 + CH3CH0H —_— APTBCHCHSOH + ArTe 7]
k7
2ArTe —> AraTe2 (8)
kg
ECHSCHOH —_— CH3CHOI‘IC}{0HCH3 (9)
’ kg ; = e
ArTe + CHSCHOH —_— ArTeCd(OH)CH3 (10)

A third indistinguishable possibility is that in which the
excited molecule of the ditelluride combines with another
ditelluride molecule before the reaction with dioxygen takes
nlace. The above reaction mechanism could be adjusted by
renlacing equations (3), (4) and (5) in the above scheme by

the following:-
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g0 2N 44
'.
Ar Te ___k__3___) 2Ar _Te
vy S 2
41'
k
ArATed + 02 —_— Ar2Te2 + 2ArTe + 02
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CHAPTER FOUR




REACTION OF IODINE WITH DIARYL DITELLURIDES

INTRODUCTION

One of the important routes which has been extensively
employed to prepare the diaryl ditelluride is the reaction
of tellurium tetrachloride with the anropriate aromatic
compound. Aryl tellurium trichlorideiihen obtained. This

can be reduced to the corresponding diaryl ditelluride, e.g.

usually using sodium sulphide as a reducing agent.

Aryl tellurium trihalides can also be obtained easily by
the well known method in which reaction can take place between
elemental halogen and diaryl ditellurides as will be

discussed later, the reverse of the first mentioned reaction.

Compounds of the type ArTeX (X = Cl, Br or I) are relatively
unstable and few have been reported. Of this family 2-naphthyl
tellurium iodide(ss) and also some of the aromatic telluri-
monohalides with a stabilising carbonyl group ortho to the
tellurium ato:, are the only tellurenyl derivatives which

have been isolated without an additional Lewis base attached
to Te. However, aromatic derivatives can be prepared in
solution from diaryl ditellurides and an equimolar amount of

elementary halogen.(69'7o)

(69)

Petragnani has found that a number of unstable and normally

non-isolable tellurenyl halides can be prepared in solution,
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from diaryl ditellurides and an equimolar amotnt of
elementary halogen, and then treated with tetraorganyl
phosphonium halides to yield dihalo (aryl) tellurates(TI) .
Products shown in the following equations have been obtained

as stable crystalline solids.

ArTeTeAr + X2 ——> 2ArTeX

ArTeX + |:(c&H5)3 PCH3]X _ E(CGHS)BPCH‘,B ]ErTexzj
Ar = (p—CHSOCBH 2)s (p—EmCSH 4)

(70) has found that diphenyl ditelluride dissolved in

Hange
methanol reacts with halogen (chlorine or bromine), and ligands

containing sulphur or selenium to form complexes of divalent

tellurium:

CoHcTeTeC H. + X, + 2L —_— 2 C

65 5 HSTeLX

6

L = thiourea, selenourea, triphenyl phosphine selenide, or

trimorpholyphosphineselenide.

N N o
CGHSTeTeCGH5 + Brz + 4D —> 2CGHSTeL2 + 2Br

I?: thiocyanate or selenocyanate

The anionic complexes formed have been isolated as tetramethyl

ammonium salts.
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When potassium selenocyanate instead of tetramethylammonium

(70)

selenocyanate was present during the halogenolysis of
diphenyl ditelluride with bromine, bis(phenyltellurium)
selenide instead of the expected phenyl bis(selenocyanato)
tellurate(1I} was obtained. The suggested reaction

sequence shown as follows:-

KSeCN SeCN.

RTeBr ————>» RTeSeCN ———> RTeSe + Se(CN)2

% RTeSeCN
RTeSeTeR + SeCN <X

When a carbonyl group is present in the ortho-position to the
tellurium atom, then the isolation of aryl tellurium halides
is possible. The following tellurium monohalides were prepared

by Piette and co-workers as described by equations below:(71'72)

(o] o
grc CHC_H 4 H
~CH=CHCeHs  cn_coom/HBr_ LGl At e
TeCH, e & TeBr
CH(DC2H5)2 acetone, 6MHX, .
o P
TeCHch(oczﬁs)2 60 C TeX
CH, o
| I
c(oc Hg), acetone, 6MHRr p=Ciiy
[5) Fd
TeCH,C0,C Hg 60 C TeBr

The formation of these tellurium monohalides seems to be
facilitated by the presence of a carbonyl function in the
aliphatic group bonded to the tellurium atom. This interaction

sufficiently stabilises the tellurium halide, which is now

=200 =



co-ordinatively less unsaturated, to allow the isolation of

these compounds.(73)

H
|
c
A
0§
Te S*
|
£y
The ortho-substituted aryl tellurenyl halides were prepared

from aryl 2-carboxyphenyl tellurides upon treatment with

butyl dithoromethyl ether/ZnClz. (74)
(o)
/1
CO OH C =R
H
@ c, QOCH012/Zn012\
TeR 100°C 7 TeCl
R = (CGHS > 4—CH3CSH4 , 3=thienyl)

When 2-alkoxycarbonylphenyl phenyl tellurides were refluxed
for 24 hours in a mixture of hydrobromic and acetic acid,
the tellurium - C (phenyl) bonds were cleaved and 2- alkoxyphenyl

(74)

tellurium bromides formed.

o o
1/ /i \
= HBr/CH,COOH Gl X
3 N
”~
Te - CGHS reflux Te - Br

N
(X,X = ClL , OH : CHL0 , CHJO : C,HLO C2H50)

The chlorocarbonyl group in the above compound is hydrolysed

to the acid during the reaction.
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Subsequently it has been found(75)

that aryl tellurenyl
bromide and iodide can be obtained according to the general
equation (1) below from diaryl ditellurides and equimolar
portions of halogens, if the conversion is carried out in

a solvent in which the starting materials but not the
tellurenyl compound are soluble. In this way, equation (2),

the further reaction of aryl tellurenyl halide to aryl

tellurium trihalide, is avoided.

Ar2T32 + X2 _— 2ArTeX (1)

ArTex + X, —_— ArTeX, (2)

(X = Br,I): Ar =C.H_ , 4 - (CHSO) Cgy 9 4 - (C Hg) CGH4 >

2 3 5 4 = (CH3O)2 06H3
The aryl tellurenyl halides were synthesised according to the
general recipe, with moisture excluded and using nitrogen
as an inert atmosphere. Suitable solvents for the preparation
have been shown to be nonpolar solvents, e.g. petroleum ether,

benzene, toluene and CCla.

The aryl tellurenyl bromides are coloured red to brown. The
corresponding iodides blue - violet to black. They are
obtained in a partially crystalline form. The aryltellurenyl

bromides are not very stable and change colour after standing

O




for a day. On the other hand, the aryl tellurenyl iodides

can remain in a stable form for weeks, unaffected and are

also stable when stored under dry air. The aryl tellurenyl
halide can be reduced with sodium sulphide to the corresponding
diaryl ditelluride and can be oxidised to the corresponding

aryl tellurium trihalide with halogens.(75}

On hydrolysis
the starting materials, diaryl ditellurides, are formed
together with aryl tellurium trihalides as the secondary

products.

The preparation of aryl tellurium halides, RTex, from

equimolar amounts of diaryl ditellurides and aryl tellurium

(76)

trihalides in refluxing organic solvents has been

attempted according to the equation:
solvent

R_Te + RTeX ) 3RTeX
reflux

These reactions led to the desired products only with the
2- biphenyl (X = Br, in petroleum ether), and phenyl

(X =1, in C;CHzcﬂgcl) derivatives. All other compounds

investigated [ R,X: C_H Cl; C

olleiks Hg , Br ; 4-CH,0CH, , Cl and

6 364"

, Cgly » C1] produced only diaryl tellurium
dihalides and tellurium. Phenyl tellurium iodide and

? i (CHSO)

4 - methoxyphenyl tellurium iodide subjected to the conditions
employed above for the reactions between H2T32 and RTeX3
generated the same products as were obtained from the

ditellurides and aryl tellurium trihalides. These observations

R



113
and the results of experiments with Te - labelled

starting materials suggest strongly that aryl tellurium
halides, RTeX are intermediates in all these reactions.
Whether or not the aryl tellurium halide can be isolated,
depends on the thermal stability of the compound. It was
postulated that instability is caused by the easy migration
of aryl groups in the associated aryl tellurium halides

solids, as shown below:

i ‘ Ar '
U ]
] I Il
o i R v sam e s DO wmanomt Mn
] !
A8 : g ; A
' ' Ar ¢ _%
‘ “ "
cem Xanas aa T - «-=ax X b o P
I " ! /
] 7 Y '
/ ! Ap 1 '
Ar Ar

Te + X -Te =X + X =Te = X + Te

A

Ar Ar

Such a migration should be facilitated by small halogen atoms,
which allow the tellurium atoms to be close to each other and

by substituents in the benzene ring such as CHSO-.(76)

- 04 =



(Phenylazophenyl - 2C,N1) tellurium (II) chloride was

recently obtained(77)

by reducing an aqueous solution of
(phenylazophenyl - ZC,Nl) tellurium (IV) trichloride by

potassium metabisulphite at 0°C.

g
reductlon

f
Cl

A fair number of organyl tellurium trihalides have been
prepared by established methods, such as the halogenelysis
of ditellurides in organic medium, the condensation of
tellurium tetrachloride with aromatic hydrocarbons containing
an activating substituent, or the reaction of aryl mercury

chlorides with tellurium tetrachloride.

Preparation of phenyl tellurium triiodide from the ditelluride
and iodine must be carried out at low temperatures (10 - 15°C).(78}
At higher temperatures intractable mixtures may be obtained.

In the addition of iodine to diphenyl ditelluride, a black,

benzene soluble material is obtained. This may be a mixture of

PhTe13 and a second substance. It was found that there is no

suitable solvent for the separation of these two substances.
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Lastly, it has been suggested that the black material may

be the intermediate phenyl tellurenyl iodide PhTeI.(78)

The addition of chlorine to 2-formylphenyl tellurium
chloride produces the trichloride. This reaction is not of
importance for RTeCl3 compounds, since the conversion of
ditellurides to tellurium trichlorides can be effected in
one step. The monohalides which can be isolated only in
special cases, as was mentioned above, would, however, be

(71)

useful as starting materials for RTeXY2 derivatives.

Tellurium tetrachloride behaves as an electrophilic reagent

towards aromatic compounds bearing activating substituents
(e.g. RO-) giving aryl tellurium trichlorides or bis(Aryl)

(79)

tellurium dichlorides, as exemplified:

o]
CH_O + TeCl w) CH_O eCl_ + HC1l
3 4 3 3
1h

145-160°C
CH,0 + CHSO-@-TBCls _—>

6h

c1

CH30 @ Te @' OCH, + HC1

An exchange of organic groups has been observed(so)

when the
aryl tellurium trichlorides, 4—RC6H4Te013 (R = CH,, Br,

C2H50), are heated with anisole at 110°C. Under these
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conditions the 4 - methoxyphenyl tellurium trichloride and

bis(4-methoxyphenyl) tellurium dichloride are obtained:
ani
R @ TeCl, -—Sgleé CH,0 TeCl,
110 C
R TeCl, —a—“-"s——"leé CH,0
160 C

(81

Guenther ) found that the combination of tellurium
tetrachloride with aluminium chloride at 1:2 molar mixture
respectively, constitutes an efficient process for the

introduction of tellurium into aromatic molecules. Kinetic

control of the reaction with benzene (a substance inert to
TeCl4 alone) selectively yielded the products of successive
substitution on tellurium as follows:-— diphenyl ditelluride
(i.e. to facilitate the isolation of the organic tellurium
compound it was reduced to the ditelluride), diphenyl
tellurium dichloride and triphenyl tellurium chloride after

evolution of 1, 2 and 3 equivalents HC1l respectively.

@ - TeCl, ——&ﬁ‘}) @TeCl + HC1
AlCl
©: - (O

II
+
STy Alcg @-Te pL A . HeT
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(82)

It has been observed that for the process

2RC.H,TeCl, T== (R CgH,), TeCl, + TeCl,

the forward reaction goes in

good yields in the organotellurium series. The equilibria
can be shifted to the right by using copper powder which

removes the tellurium tetrachloride by reducing it to

tellurium:

2Ar'TeC11:3 - 4Cu —%— aﬁxrzTeCl:2 + 4CuCl + Te
The reverse reaction, leading to the synthesis of aryl
tellurium trichloride, occurs when diaryl tellurium dichlorides
are refluxed in toluene with an equimolar amount (or an excess)
of tellurium tetrachloride. The reaction mixture, after the
removal of solvent, may be reduced with Na28 -9H20, to the
corresponding diaryl ditellurides. These can be reconverted
into aryl tellurium trichlorides by the action of thionyl
chloride.

pant 83

has prepared aryl tellurium trichlorides by the
treatment of triaryl lead chloride and tellurium tetrachloride
in dioxane. The mixture is then stirred for four hours, at

room temperature:
dioxan
(CgHg), PBCL + TeCl, 20%8N9, CqHTeCl, + (CGHJ), PbCl,

Phenyl tellurium trichloride is obtained by stirring together
equimolar amounts of triphenyl tin chloride ar tetra phenyl tin
and tellurium tetrachloride in toluene for two hours at room

temperature:(aa)



toluene
(CSHS)B SnCl + TeCl4 ._______§> (CGHS)Z Sn012 + CGHS TeCl3

toluene
(CgHg),, Sn + TeCl, ———> (CgH.), SnCl + CgHy TeCl,

Petragnanitss) has reported that when (ArTe SeAr) is treated

with bromine, the Te-Se bond is cleaved to give a mixture

of aryl tellurium tribromide and areneselenenyl bromide:
ArTeSeAr + ZBra—-% AJ:‘"I‘eBr-3 + ArSeBr

The two bromides are easily separated by their differential

solubility in organic solvents.

In view of the ease of the cleavage of the C(aryl) = SiMe3
bond under the action of electrophilic agents and also of
the relative accessibility of aryl trimethyl silanes, these
compounds have been applied(ss) in the synthesis of some
aryl tellurium trihalides. For example, by boiling aryl

trimethyl silanes with equivalent amounts of tellurium

tetrachloride in toluene:

i T
RC,H,S1 (CH ), + TeCl, —> RCH, 8C1, - * (CH3)3 SiCl

(R = A-CH3 s 0 o 3-CH3 and 4-Br)
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4-Fluorophenyl tellurium trichloride and 3-fluorophenyl

tellurium tribromide were obtained in 100% yield from the

ditellurides and 302012 and bromine in benzene, respectively.(87)
3-Fluorophenyl tellurium trichloride has also been obtained
(87)

quantitatively from the ditelluride and SOECl2 in benzene.

This had also been synthesized previously from tellurium

tetrachloride and the aryl mercury chloride.(aa)

R C/H,HgCl + TeCl, —> R CgH, TeCl, + HyCl,

A new series of electron donor compounds (I - VI) have been

studied(ag) Peri-bridged naphthalene dichalogenides
(NDC's) .
S=—e—S§ S@ — Se Te —Te
I II 8

These compounds are expected to function as electron donors
in charge - transfer complexes. The three symmetrical
chalcogen-bridged naphthalenes were all found to form i e

donor-acceptor complexes with tetracyanoquinodimethane.
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All six NDC's form complexes with elemental iodine as an
acceptor. The complexes are formed by mixing solutions of

the NDC and iodine in a suitable solvent and allowing the
complexes to crystallize. All these complexes are shiny
crystalline solids with colours ranging from silvery grey to
black. Large crystals have been produced in the case of NDSe -
iodine. These shiny metallic grey crystals were found to

correspond to a stoichiometry of NDSel - Elemental

1;.82°

microanalysis revealed that this ratio of NDSe tTo iodine is

reproducible over a number of independently prepared samples.

(90)

Recently Pritzkow has studied the crystal and molecular

structure of dimethyltellurium tetraiodide (CH3)2 Tel He has

AI

determined the intermolecular bonding between (CH3)2 T312 and I2.

It was proved that the structure is built up by (CH3)2 TeI2 and

12 molecules and does not contain Te(VI). The compound should
be formulated as dimethyltellurium diiodide-—diiodine (l/l).

The iodine molecules are on both sides bound to iodine atoms of

(CH3)2 TeI2 molecules, and not to the central tellurium. Figure 1.

L A
3

Figure 1 : Molecular Structure and Labelling of (CH3)2 TeId.
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The 12 molecule and the two other iodine atoms form a
linear chain, only one of the iodine atoms bound to
tellurium, I(1l), is connected with the 12 molecules. The

connection of the 12 molecules via I(1l) leads to zigzag

chains. Besides this chain the tellurium forms weak inter-
]

molecular bonds, one to I(2), which is directly bound to

another tellurium, and one to I(4)"which belongs to one of the

bridging iodine molecules.

In the present work it has been observed that when toluene
solution of iodine added to the bis-p-ethoxyphenyl ditelluride,
a dark blue substance appears within a very short time. This
may be an intermediate product. A specially designed
apparatus was used (see Section 2.8) to investigate the
possibility of the rapid appearance of an intermediate product.

But, this apparatus seems too crude to control this reaction.

Chemical equilibrium investigations have been carried out by
monitoring optical density changes at three different wave-
lengths, 500nm, 318nm and 284nm. The iodine is mixed with
the ditelluride and the absorbance then measured from the
reaction mixture two minutes after mixing, as a sufficient

time for the equilibrium to be reached at room temperature.

The wavelength 500nm was found to be the best for studying
the eaquilibrium constants for the formation of the intermediate

complexes, Ar Te_:I_ and Ar2Te

2 -
oTesl, 12 The absorbance was

2.
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monitored at this wavelength for a range of concentrations at
different temperatures (see Tables 1, 2 and 3). The data obtained
was then analysed by computer (see Appendix 3). The results from
the computer analysis fitted the observed data very well, Tables

1A in this Chapter, 2A and 3A in Appendix 6.

It was observed that there were two main stages in the overall

reaction between 12 and ArzTe The initial reaction is fast.

2.
This is followed by a slower subsequent stage. The fast stage
involves the formation of the 1l:1 and 1:2 donor acceptor
complexes, that is Ar2T92.12 and ArzTez. 212, respectively. The

subsequent dissociation of the complex Ar2Te2.2I2 to form the
intermediate compound, p-ethoxyphenyl telluronium iodide,

ArTel occurs during the slow stage. This is borne out by the

results of the kinetic investigations described below.

Table 1 shows that the absorbance of a reaction solution shortly
after mixing is very low when the concentrations of the reactants
(the iodine and the ditelluride) are equal. This is due to the
formation of the AreTe2.12 complex. The absorbance increase with
the increment of the iodine concentration, indicates the formation
of the ArgTe2.212 complex. These two species have markedly

different spectral properties.

The spectrophotometric studies show that two peaks appear rapidly
at the wavelengths of 318nm and 284nm after mixing iodine with
the ditelluride. The peak at 318nm disappears after a short time,

while the other keeps growing during this time.
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Kinetic investigations show that at the wavelength of 284nm
the absorbance-time curve obtained after mixing the reactants
contains two parts. The absorbance increases rapidly in a
few minutes, but then decreases slowly. These observations
mav indicate the fast stage and the slower subsequent stage

mentioned above.

Kinetic data obtained for these reactions prove that the fast
process is a second order reaction, and the slower is a first

order reaction.

'HNMR studies of eguimolar amounts of iodine and

bis-p=ethoxyphenyl ditelluride in CDCl carried out just

3!
after mixing show an obvious difference in the proton chemical

shifts from the pure bis-p-ethoxyphenyl ditelluride.

These observations confirm that intermediate products are

formed in the reaction.
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RESULTS

The reaction between iodine and bis-p-ethoxyphenyl

ditelluride in toluene has been investigated. It was observed
that the iodine colour disappeared when the reactants mixed
together and a dark blue substance appeared within a very

short time.

The length of time for the disappearance of the iodine
colouration depends on the temperature of the reaction mixture
and the concentration of the reactants. When the reaction is
carried out at OOC, the reaction mixture appears to be dark
blue to the human eye within ten seconds, at reagent

-2
concentrations of the order of 10 M.

The possibility of the appearance of an intermediate product
in the above reaction, was investigated by the use of the
spectrophotometric technigue using a dual syringe system in
conjunction with ansP8 - 100 UV~visible spectrophotometer.,
By this technique the attempted control of the fast (complete
within 1 or 2 minutes) reaction between the iodine and the
ditelluride solutions (using toluene as solvent) was carried
out. The two cylindrical parts of the apparatus are enclosed
in 2 jacket through which water at constant temperature,
(normally low temperature) is continuously passed to keep reactant
solutions at a constant temperature, as was explained in

Section 2.8.
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The absorbance is monitored with respect to time, firstly

at 500nm, and in later experiments at 395nm. The wavelength
of 500nm was used to monitor the disappearance of the iodine,
while the wavelength of 395nm was used to observe the rate
of disappearance of the bis-p-ethoxyphenyl ditelluride.

This equipment proved to be too crude to follow any reaction

with a2 half life less than approximately 5 seconds.

An equilibrium study of the reaction between the iodine

and bis—-p-ethoxyphenyl ditelluride was investigated as follows:
2ml of iodine solution (4 X 10_3 1) were transferred by the
help of a2 2ml pippette to the lcm spectrophotometric cell
containing 2ml of the ditelluride (Tam). The absorbance of
the resulting solution was measured against a purified toluene
blank in two cases, firstly immediately after mixing and

secondly when the absorbance becomes almost constant.

It was observed that there were two stages in the reaction, an
initial stage which takes place rapidly, and a subsequent

slow reaction which starts a few minutes after mixing. It

has been observed that the fast reaction involves the formation
of two donor acceptor complexes, which are 1 : 1 (Ar Te,;IZ) and

2 2

1 = 2 (A Teﬂ.212) complexes under eguilibrium conditions.
=

2

The formation of p-ethoxyphenyl tellurenyl iodide then takes

place in the slower stage.

When reaction mixtures are left at room temperature, it is
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observed that two minutes are sufficient for the equilibrium
to be reached. If the reaction mixture is left for a longer
period the slow stage of the reaction forming ArTel

commences.

Investigations of the equilibrium were carried out at three
wavelengths, 500nm, 318nm and 284nm at room temperature.

Data obtained for the absorbance of the reaction mixture at
three wavelengths (for a range of different concentrations

of the reactants) was then analysed using the computer program

explained in Appendix 3.

It has been found that 500nm is the best wavelength to study
the equilibrium constant of the reaction between the iodine

and the ditelluride,

Typical data obtained for the absorbance of the reaction
mixture at the wavelength of 500nm and room temperature (25°C}

is shown in Table 1.

The good agreement between the calculated and experimental
results suzcests that the reaction scheme described zbove is

correct, Table 1A.

Finally, the experiment was repeated at the wavelength of 500nm
and at another two temperatures, IOOC and 4000. Data obtained
are presented in Tables 2 and 3 respectively. All of the

results obtained were then treated with the computer as above,

Ty



and similar results have been obtained. Tables 2A and 3A

in Appendix 6.

A spectrum of a mixture of equimolar amounts of the iodine
and the ditelluride shows almost no absorbance at the wavelength

of 500nm at this stage of the total reaction sequence.

Values for Kl’ El, K2 and E2 have been calculated by using

the above mentioned program, where K., E

1 are the equilibrium

1

constant and the extinction coefficient of the 1 : 1 complex

(ArﬁTe2.12). K2 and E, are the equilibrium constant and the
o}

).

extinction coefficient of the 1 : 2 complex (ArgTe9,212
The values of these parameters for the wavelengths of 500nm,
318nm and 284nm at room temperature (2500), are presented

in Table 4, together with the sum of the square differences

(SSD ) between the observed and the calculated absorbances.

Table 5 shows the data obtained for Kl’El’K2 and E2 at the
temperatures lOoC, 25°¢ and ABOC at the wavelength of 500nm.
From the data it can be seen that the value of Kz is in a
reliable range and should therefore be reasonably accurately
determined. However, it seems that the experiment is not
sufficiently accurate to calculate AH from the three sets
of data obtained without a very large error being involved.

. AH=--60.2 ¥ 39.25k Jumol™
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The spectrophotometric trace showed that there are two peaks
appearing at the wavelengths of 318nm and 284nm, as shown

in Figure 2. The peak at 318nm disappears after a short time,
this time could be extended by lowering the temperature of

the reaction mixture. The other peak (at 284nm) continues

to increase at 7°¢c for about 10 minutes, after which it starts

to decrease slowly.

The reaction was followed kinetically at the wavelength of

284nm, which shows that the course of the reaction involved
two stages : fast stage and slow stage. The course of the

fast stage reaction could be observed at low temperatures.

This reaction was studied at TOC. At this temperature the

reaction is completed within 10 minutes. The curve of the

absorbance with respect to time was monitored, and the

following results have been obtained.

The data obtained from the above curve fits the second

order equation:

A+ B 5 > C

where A, B and C represent diaryl
ditelluride, iodine and the product, respectively. The
following equations can be obtained when Ao = PR

i | " 1 )
(D - Doo Do = Doo)

1
e
o
o
m
d

where D is the absorbance at any time, Do is the initial

absorbance, and Doois the absorbance at t = oo
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It was found that a plot of:

S 4. 1) ;
(D - Doo = e - Doty VS £t is a straight line with

gradient = Kkobs

where kobs ; the observed rate constant, can be

used to calculate the true rate constant as follows:

kobs

I

(for more details see Appendix 4).

The other equation which has been used for the same reaction

when Ao ¢ Bo is

It has been observed that a plot of:

LTALE A :

Ind — against t is a straight line with gradient
¥ (Zﬁbo - ZN

L}
kobs , where

'
kobs = k (Bo - Ro)

The derivations of the above two equations are explained in

Appendix 4.
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The previously determined values of Kl and K2 show that the
main product in the equilibria at these concentrations

will be the 1 : 1 adduct ArzTez.Iz. Therefore it seems
likely that we are following here the setting up of this
equilibrium. Since Kl is very large, k—l is small compared

to kl therefore within experimental error this is the rate
constant being determined here. The rate constants obtained

are shown in Table 6.

The slow stage of the reaction was then studied, and the
datz obtained from the curve of absorbance as function of

time fits the first order equation explained below:

Now:—

a5y T e S =i 2
12 + ;'!u'-ziez.l2 —_— ArETe2.212

k‘:
—_—> 2ArTel + I,

The equilibrium values of Kl discussed above show that the
formation of Ar2T62.12 can be regarded as being essentially

complete, hence the use of Ar,\Teg.IQ in this scheme. The
= =

following equation can be obtained:

In (Doo = D) = kobs £t == = = = = = = = = = = (3)

It has been found that a plot of:

In (Doo - D) VS t is a straight line with gradient

"
= = kobs , where
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& K k,y

203
kobs = I Kgy,

were ¥ = [ -[ar,te,

KE' k3’ ¥ and the derivations of the above equation are

explained in Appendix 5.

The experiment was studied using different ratios of the
reactant concentrations. The values obtained for kobs are

shown in Table 7. From these values it can be seen that the

equation:

1 1 1 ( i ) (see Appendix 5)
— - — + ———

b 4 -
kobs Ky Kk, ( [I, o [Tejo)

A plot of:

k) Vs 1 ; : : !

(koES) [Ej——:T?gj' is a straight line as shown in
o (6}

The treatment of the data at 25°C give values of:

ﬁ = 1.03 mol dm ° S
2°3
1
and —— = 1,620 S
K
3
that is,
-4 =1
ky, = 6.17 X10 S
-1 3

and K2 = 1570 mol dm
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This kinetically determined value of K, is in '“very good
=1
arreement with the value of 1500 mol dm obtained from

the equilibrium studies.

The experiment of the slow stage of the reaction was repeated
at different temperatures in the range of (25 - 55°C) with
5°C intervals., The results obtained for kobs from eguation

3 are presented in Table 8. The plot ofln kobs against
temperature is obtained as a straight line shown in Figure 4,

with gradient = 29.5 kJmol”l

Another kind of experiment has been carried out, a study of
the behaviour of p-ethoxyphenyl tellurium triiodide

(prepared from the ditelluride and iodine as was mentioned

in Section 2.9.3) in toluene solution. When ArTeI3 dissolved
in toluene a purple colour formed within a few minutes,

followed by the appearance of the yellow brown colour which

is the normal colour of the p-ethoxyphenyl triiodide.

Finally, 'HNMR investigations have been carried out as follows:
Equimolar amounts of bis-p-ethoxyphenyl ditelluride and iodine
were mixed together rapidly in CDClS, the NMR spectrum was then
measured immediztely after mixing. The protonchemical shifts
of this mixture shows clear differences from the individual
pure bis-p-ethoxyphenyl ditelluride. The NMR spectra of the
ditelluride and the 1 : 1 ratio mixture are presented in
Figures 5 and 6 respectively. é? values (referred to TMS as

internal reference) are summarised in Table 9.
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kobs/min"l

1n kobs/min_l

K/T
0.0067 ;.994 0.00336
0.0088 ;.257 0.00330
0.0108 :.472 0.00325
0.0123 ;.602 0.00319

0.0148 _:.787 0.00314
0.0167 —5.908 0.00310
0.0193 ;.052 0.00305

Table &

Rate of the slow stage of the reaction of

bis(p-ethoxyphenyl) ditelluride at different
temperatures.
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DISCUSSION

The purple colour of a toluene solution of iodine or the
violet colour of iodine in carbon tetrachloride, is due to
t+he formation of a donor acceptor complex, e.g. CHSCSHS‘I2.
The reaction is readily reversible because there is no full
chemical bond between az ring carbon atom and the iodine.

This charge transfer complex has an intense absorbance

at the wavelength of 500nm.

This purple colour disappears after mixing with the toluene
solution of bis-p-—ethoxyphenyl ditelluride. A dark blue
substance appears clear to the human eye within a very
short time. This probably indicates the formation of an

intermediate product.

Experiments have been carried out to study the possibility
of the appearance of an intermediate product in the above
reaction, by using a dual syringe system connected to an
8P8 - 100 UV visible spectrophotometer, explained in Section

2.8. That is, a simple rapid mixing device.

No definite conclusions could be dravn from the results. of
these experiments. There might be an initial reaction,
essentially complete within say 10 seconds at room temperature,
but no evidence of such a reaction was observed. It seems

that a more efficient system is required which involves a
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much shorter delay between the mixing of the ditelluride and
iodine, their passage through the tube to the spectrophoto-
meter cell and the measurement of the absorbance, to seek for
such evidence. This equipment is not suitable for following
such fast reactions. It has proved to be too crude for
following any reaction with a half life around 5 seconds.
McWhinnie and Thavornyutikarn(gl) have observed that the black
benzene-soluble material obtained by mixing solutions of iodine
with diphenyl ditelluride, may be a mixture of PhTeI3 and
phenyltellurenyl iodide, PhTel an intermediate product. No
suitable solvent for the separation of the two substances has

been found. Subsequently, Schulz(75) has been able to separate

C.H, ,

ArTeX (Ar = C.H. , 4-(CH,0) C &l €M

e 4—(06H

6lia

3,4-(CH30) X =Br , I) from diaryl ditellurides and

2 Cefly
equimolar portions of halogens, if the reaction is carried

out in a solvent in which the starting materials, but not the

tellurenyl compound, are soluble.

Two peaks at the wavelength of 318nm and 284nm have been

observed to appear rapidly after mixing iodine with the
ditelluride. These studies show that the peak at 318nm disappears
after a short time, approximately 2 minutes, while the other
keeps growing. These observations may indicate the formation

of an intermediate product.
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Equilibrium investigations of this reaction have been carried
out at three wavelengths, 500nm, 318nm and 284nm. It has
been observed that 500nm is the most suitable wavelength tb
study the equilibrium constant of the reaction between the
iodine and the ditelluride, in contrast with the other
wavelengths:- 318nm and 284nm - which are not suitable for
studies using a wide rance of different concentrations of the

reactants.

At this wavelength (500nm) it is observed that when reaction
mixtures are left a2t room temperature (1 - 2) minutes are
sufficient for equilibrium to be reached. A casual inspection
of the data obtained in Table 1 shows that the absorbance of

a reaction solution shortly after mixing, is very low when

the concentrations of the iodine and the ditelluride are equal.
This indicates the formation of a 1 : 1 complex. On the other
hand, the absorbance incr