CHAPTER III

EXPERIMENTALS

3.1 Materials

Chemicals and solvents used a®e of reagent and analar grades.
No further purification of these compeunds were made unless otherwise

stated.

3.1.1 Thellium (1) chloride, This compound is the labora-
tory reagent grade of the British Drugs House Chemicals Ltd.,
England. It was used as a“starting material for the preparation of

thallium (III) chloride.

3.1.2 Acetonitrile. The Baker analar reagent grade
acetonitrile was kept over activated molecular sieves for 48 hours,
and then distilled ovar anhydrous calcium chloride. The fraction
distilled . off at 80°C was collected and kept over molecular

sieves before uges .

3.1.3 Pyridine. The Mallinkrodt analar reagent grade
pyridine was distilled from aluminium (III) chloride. The distillate
was then refluxed over aluminium oxide and finally fractionated off.

Pyridine obtained in this manner had specific conductivity in the



19

8 -1

range of 3.8 x 10™° ohm™t em™! at 25°C.

3.1.4 Conductivity water. The conductivty water was obtained
by passing the double distilled water to the ion exchange resin to

1

give a final specific conductance about 0.75 x 1g° ohm~tem™t at 25°C.

3.2 Preparations of the Compounds.

A1)

324 Diphenyltha1}§u@;bfgmi This compound was obtained
via a reaction taking plaqéjﬁé%ﬁ?gﬂ thaiiiumr(III) chloride and the
Grignard reagent at low te@ié?@ﬁgﬁe}gccording to the reaction,
4 CgHeMgBr + 2 TIC1, e 2 (Q‘éﬂs ),T1Br + MgBr, + 3 MgCl,.
In the actual preparation,/5qféméiaf golution containing 10.3 ¢
(0.003 mole) of thallium(III5Q§hiérnggin dry ether, was slowly added
to phenylmegnesium brom%@gz-féépendix Iégfpe mixture was cooled in
ice during the addition‘éﬁﬁthalliunilliéféhloride and was then heated
on a water bath for 30 minutes, cooled and decomposed with water.
The residue was filtered off, dried and extracted with pyridine.
After several crystallization in pyridine, the pure white needle
crystal which was characterized later as the pyridine complex,
Ph2T1(py)2Br, was obtained. The subsequent air drying of the mentioned
complex in the oven at 110°C was found to yield the desirable compound
namely, Ph2T1Br, accompanied by the evolving of pyridine. This compound
does not melt but decomposes above 30000. The final yield was 7.57 g
(52 %)

3.é.2 Phenylmercury bromide.(43) Mercury(II) bromide (18 g,

0.05 mole) was added in a small portion and with vigorous shaking to
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7.2 g (0.04 mole) of phenylmagnesium bromide in 100 cm
the mixture was refluxed for 4 hours. The phenylmagnesium bromide

was then decanted and the residue boiled three times with 1 % HBr to
remove the unreacted mercury(II) bromide. It is then thoroughly washed
with hot water, ethanol and ether, and dried at 110°C. The yield of
the crude product is 15.1 g (56 %). After recrystallization from
pyridine the pure compound was obtained as a white, flake crystal with

melting point of 275°C.

3.2.3 Diphenylthé;liﬁy(pyr%dine)2 bromide. The Ph2T1(py)ZBr
- ,// ) : >f
complex was obtained during/tbé step(of recrystallization of Ph2TlBr
WM.
compound from the pyridiné'gé@ﬁiigq;}s;described in 3.2.1
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3.2 Phenylmercury(pyi‘idizie)2 bromide. This complex was prepared

in the same maner as the;ﬁpeparatibh of thrl(py)2Br complex.

M -—

3.2.5 Diphenylthallium(1,10-phenanthroline) bromide.(44)
0.44 g (0.001 mole) of diphenylthallium bromide and 0.06 g (0.003 mole)
of 1,10-phenanthroline were dissolved in 75 cm3 of dioxane. The mixture
was boiled for 5 minutes and was filtered off. The filtrate was left
standing at room temperature to evaporate the solvent until the white
crystal was obtained. The product was washed several times with
ethanol and ether. The product yields 0.9 g (30 %) and melts with

decomposition at 25°C.

3.2.6 Phenylmercury (1,10-phenanthroline) bromide. 0.36 g

(0.001 mole) of phenylmercury bromide and 0.40 ¢ (0.002 mole) of



2l

1,10-phenanthroline were mixed in 25 cm3 dioxane and the subsequent

reactions were carried out in the same manner as has been described
in 3.2.5. 1.68 g (66 7) of white crystal product was obtained. Tt
melts with decomposition at 165°C.

The results of the elemental analysis of the compounds
mentioned above were shown together with the calculated values in
Table 3.1

Table 3.1

The elemental analysis of the synthetic compounds

% Carbon % Hydrogen
Compound :
found cal, found cal.
Ph,T1Br 32,79 32.85 2.35 3.30
PhHgBr 20:56— 20.13 1.83 1.40
Ph2T1(phen)Br 59.55 46,58 3.19 2.91
PhHg( phen )Br 38.29 40,19 1.91 2.44

3.3 Apparatus and Procedures

3.3.1 Conductivity measurement. The conductivity cell in
conjunction with the A.C. conductivity bridge, oscillator and
detector, manufactured by Beckmann Instruments, Inc., Type RC. 18A
were used throuhgout this research.

The experiments were carried out in a thermostat bath whose
temperature was maintained at 25%0.01°C by means of a Beckmann

contact thermometer. The cell was thoroughly cleaned with dilute
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cleaning solution, followed by rinsing with ccnductivity water,
and finally with acetone and dried before use. In each measurement
the thermal equilibrium between the cell solution and the bath
temperature was attained before any conductivity measurement was
performed. The cell constant of each cell used in this work was
(45)

determined with 0.001 D aqueous solution of potassium chloride.

The cell constant value of 0.0765623 cm_l was obtained.

3.3.2 Intrared spectrophotometer. All of the spectra were
recorded in the region 40006600 om™" on‘a Unicam SP 200 G grating
Infrared Spectrophotometer;”The sélid sample was prepared ac the
potassium bromide pelletland the nujol mull. The sclution spectra

were recorded in the 0,1 mms sclution cell.

3.3.3 Spectrophotometric determination of stability
constants and the formulae of the complexes. In this experiment
the formula of the complex ion formed between organometallic ions
and amine ligands were determined by using spectrophotometric
measurement. The method employed is one that is widely used in
cases where only a single complex is formed between the reacting

. ; o ot .
species, Consgider the case wherec 2 cation M reacts with a

ligand, X to form a compleX[MXn]z+



23

In order to determine the formula of the complexes, n, the number

of ligand bound to a metal ions, must be kmown. The mole-ratio

methoé46}is usually employed in the evaluation of n. In this

method 2 series of sclutions in which the concentration of one

reactant, the ligand,ié arbitrarily kept constant and that of the organo-
metallic compound is varied. In this technique the absorbance
increases to maximal value at a mole ratio of the complex formed and
then levels off, Usually an‘abrupt cafngc in the slope of the

graph does nct occur. Insteaﬁ it exhibits a curvature just before
the plateau startsand #he Spyaight linc portions can be extrapolated

until they intersect. ~ Typical mole~ratic. plots are shown in

Figure 3.1
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Firure 3,1 Mole-ratio plots for a 1:1 complex and

a 1:2 complex. ‘.



24

In this work, stock solutions of 6 x 10 ha®k @7 ’
AR | .
1,y 10=phenanthroline and 3 x 10‘%011',orgnonoﬁalllo compound were
prepared in dioxane solvent. The testing sclutions from the above

stock solutions were prepared at various provorticnsas shown below,

Table 342

A series of solution-made for the absorption measurements

/

Solution no. cm3 of prgaho- cm3 of cm3 of
metalliceompesnd { | 1,10-phen Dioxane

. 5,0 15.0

’ o 12.5

3 ; 20.0 5.0 ' 10.0

4 12.5 v 7.5

> )4 6b 5.0

6 ALY 2.5

7 20.0 0.0

The solutions obteined were made up to the final volume of
&5 cm3 in a volumetric flask and the absorbance of each solution
was. recorded in the wavelength range of 180-330 nm. Dioxane was
used in the reference cell, The absorbance was recorded with a
Varian-Techtrcen ultraviolet-visible spectrophotometer, model 635

with metch cells of 10 mm path length.
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3.3.4 Nuclear Magnetic ReSonanee
The spectra were recorded on a Varian Techtron spectrometer model 60 A
operating at 60 Mz at 27°¢. The compounds were mainly dissolved

in deuterated dimethyl sulfoxide, the concentrations of the

orgenometallic compounds in this golvent veried from 1-5 7 by weight,

3.3.2 Differential Thermal Analysis (DT2)
DTA is the technique of masuring the heat effects associated with
physical or chenical changsw-that/tske ploce as a substance is heated
at a2 uniform rate. Heat changes either exothermic or endothermic,
are caused by the phase’ tran°1t¢on such as fusicn, ecrystal
structure inversion, Boilifg, ﬂub1ﬂ **** atlon, vaperization, dehydration,
decompesition, oxidation ong wedliction, destruction of crystalline

lattice; chemical reactients Generslly speaking, vaporization, dehy-

dration, fusion, ingersion’ enhl fmation, Moiling, decomposition,

dehyd~ tion and redﬁéti@n_rga :ioéF preduce end: thermic heat effec’s,
whereas crystallization and exidetion veactions produce exothermic
effects. The hedteffects occuring during these chemical and

physicel changes are meosured by 2 "differential” method. A furnace
used in this analysis contains a sample holder with two symmetrically
rl chambers, ecch of which carries an identical
thermocouple. The szmple to be Investigrnted is placed in one chamber
and = thermally inert substisonce such 88 o - alumina is placed in the

other. The gample and the glumina ave then heated a2t a uniform

rate and the tempersture difference between them, as detectad by the
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two thermocouples; is recorded as o funecticn of time or of the furnace

e

teaperaturlf the chorical or physical clarse causes the sample

uhg

thermocouple to be ceooler thermeeccuple, a peak

in the downward dipection w? and vice versa. The
typical endothermic and evothe:mic peaks are illustrated in

Figure 3.2
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Figurc 3.2 Typleal differential thermal analysis curve.

In this work the thermogramswere recorded on the Fischer Differen-
tial Thermal Anelysis appsratus serizs 200 A, which was furnished

with platinel thermocouples. The technique is divided into two parts.
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1. Study of the thermal decomposition of the compounds.
he exact knmown weight semple of the order 0.1 g. was placed in
the quartz sample cell, and inserted in the sample well of the
sample holder, alcng with the reference cell whichr contained alumina of
the same weight as the semple. The sample was run under the
atmespheric pressure, at the heating rate of 10 degrees per minute,
and tr_le temperature was incre,aéed from the room temperature up to

300%,

2. Study of‘"’fslﬁfi";;il{*lg,fcii‘lar interaction between the
organometallic compoundb and lr 10~ phenanthroline, Specimens were
prepared by heating small .mcz;iﬁ.of the neutral ligand and the
organometallic compound ‘é%&‘%ﬁyiﬁg ratio, at room jtempera-
ture up to 300 e cher—exge_rgnenta_t conditions were the same as
described in the préw)i,ous ‘experinent,

The weight ratic of the organometallic compounds and

ye-phenanthroline of each specimen was shown in Table 3.3
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Te'sle 3.3
The weight ratio of the organometallic compounds (M) and 1,10-phenan-

throline (L)

Compound Sample no, M( %) (%) mole ratio
thTlBr : 1,10-phen 3 0.00 100.00 0
M-: L & 20,00 80.00 1:30
3 40,00 60.00 1:33
p 56,00 50.00 1:2i5
7, 68,80 31.20 1.4l
6 52.00 48,00 132
7 81,56 18.44 25k
PhHgBr : 1,10-phen T = M—" 100.00 0
M: L 2 20.00 80.00 1:8
3 47,43 52.57 1:2
4 66,34 35.66 L N
9 72,30 21,70 221
@
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