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Certain compounds containing lead atoms bonded to alkyl groups
are of much greater toxicity than their non-alkylated analogues.,
The tefra-alkyl lead compounds are used as antiknock additives in
petrol and are discharged into the atmosphere by exhaust emission,
spillage and evaporation. Decause of their toxicity the concentration
and reaction of such compounds in natural waters is of great
importance.

Little data is available on the concentration and properties of
organolead compounds in the environment and the information which is
available is concerned mainly with the concentration of tetra-alkyl
lead compounds in the atmosphere. This dissertation seeks to
establish the fate of organolead compounds washed from the atmosphere
into natural water systems.

Procedures for the extraction and estimation of alkyl lead
compounds in water and on sediment were developed. The reactions of
soluble organolead compounds in agueous systems under conditions of
light, dark and added metal ions were studied as were the reactions
of alkyl lead compounds adsorbed on silica.

Some exploratory work on the biological methylation of inorganic
and alkyl lead ions was carried out to substantiate studies by other
workers and if was concluded that the reported results could, in
many cases, be explained by & chemical disproportionation mechanism
involving sulphide ions rather than a biological mechanism.

- This dissertation concludes that it is unlikely that any
organolead compounds entering natural waters will remain dissolved
and unreacted for any length of time, and that all reactions lead to
a reduction in total alkyl lead content of the system with inorganic
lead as the final product.

Key Words: Natural Water, Organolead.
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INTRODUCTICH

1.1. COMNERCIAL USES OF CORGANCLELD COIPOURDS.

The synthesis of tetraethyl lead (le), was first reported in
1853 by Lowig1 however it was not until 1916 that a most important
commercial use for this material was discovered. Kettering lidgely
and Eoyd2 in the U.S.A. had been carrying out a series of tests on
various organic compounds to establish their antikmock properties
when added to engine fuel, and of the compounds screened TEL proved
to have the hichest antiknock value by far.

4s a conseguence of this work commercial fuel containing TEL
was sold for the first time in the U.S.A., in 1923 and has been sold
ever since, avart from a short period in 1925 when its use was
suspended on health grounds.. In the U.E. TEL was first introduced
around 1940 and again is still in.ﬁée,today as an antikmock
additive. ‘\‘\1

In 1960 tetramethyl lead (TKL), the firs¥'serious competitor
to TEL as an antiknock additive was introduced. This introduction
of TIL was closely followed by the use of the mixed ethyl methyl
tetra-alkyl lead compounds (KejEth, Me,Et,Pb, and MeEtst).

TML a2lthough basically similar to TEL had a number of more
favourable properties, such as increased volatility and higher
antilknock ability, weight for weight, than TEL where the base fuel
contained in excess of 207 aromatic hydrocarbonsz. The mixed
tetra-alkyl leads also gave increased antiknock performance with
particular base fuel stocks. In the U.K. in 1973 over 12,000 tonnes
of lead in the form of lead alkyls was used as petrol additivesB.
The present day use is approximately 50% TEL and 505 TVL, the use

of the mixed tetra-alkyl leads is not encouraged for economic
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reasons4. In 19?2’5 it was announced that the lead content of fuel
would be reduced from 0.64 gl”' at the end of 1972 to 0.55 g1~ by
the end of 1973 and 0.045 {;;1“1 by the end of 1975. This reduction
in tetra-alkyl lead (TAL) content of fuel follows from world wide
apprehension as to the long term health effects of lead compounds
in the environment, and in particular in urban areas, The movement
towards leadless fuel has now been suspended due toc the recent
energy crisis and increased cost of producing high octane fuel with
low levels or without added TAL.

The major commercial use of the TAL compounds used is as fuel
additives, however there are a number of other minor uses for
organolead compounds.

Tributyl lead acetate and tripvhenyl lead acetate both have
excellent biocidal properties when added to marine pasints for use
on the hulls of ships. The use of such paints can greatly increase
the time intervel, previously twelve months, between dry docking.
In the past the fouling layer of marine plants and animal organisms
were removed by mechanical means. If the fouling is allowed to
build up and left untreated, operating efficiency drops due to
increased fuel consumption, decreased manoverability and increased
corrosion ’7.

Tributyl lead acetate has been recommended for both interior
and exterior use in a vinyl copolymer emulsion paint as a fungicide,
the organolead compound still being active after 250 hours of
artificial weatheringa. Under the same conditiors an organotin and
phenyl mercuric compound had both failed.

The actual toxic species present in a paint system has not

been studied, nor has the nature or composition of the organolead

compounds leached from the surface of the paint by weathering.
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Preliminary studies on the effect of dibutyl lead diacetate
on tape worms in sheep has been carried out by Graberg. His
results have shown that the majority of tape worms were eliminated
while the toxicity of the dibutyl lead diacetate to the sheep
themselves was generally low except with lambs.

Triphenyl lead acetate has been used to control snails which
act as the carrier for the debilitating tropical diseese Bilharzia,
this disease affects over 200 million people in the tropics. The
triphenyl lead acetate is active at a2 O.1ppm concentretion for
24 hours. Four days after dosage the compound is no longer
detectable or effective in the aqueous phase, but arpears to be
concentrated in the silt and mud at the bottom of the water
coursejo.

Orgzanolead compounds have been shown to have excellent
properties as lubricant additives, as well as fuel additives.

Beatty11

found that of the compounds tested, organoclead nitrogen
compounds had by far the best antiwear properties under varying
conditions of load and temperature.

Aryl lead triacylzted are useful catelysts in the production
of polyurethane foams12. Formerly to produce & flexible foam two
catalysts were used, one forming the polymer, the other to produce
carbon dioxide in the foam. Aryl lead triacylates have been shovm
to catalyse both reactions satisfactorily, thus offering a cost and
convenience advantage.

13

Stroganov ~ has proposed the use of a number of organolead

compounds of the type R, MX , (where R = methyl, ethyl or phenyl;
X = acetzte, hydroxide, or chloride and n = O or 1), for the control

of plankton and daphnia in water reservoirs in Russia, how extensive

is the use for this purpose is unknown.



The toxicity of organolead compounds to many forms of life is
the property on which most of their applications are based, their
use as an antiknock additive being a major exception, however it
is this same toxic property which has caused handling problems,

and has restricted their more diverse use.

1.2. TOXIC PROPERTIES

Seventeen months after the commercial production of TEL had
commenced in the U.E.A., thirteen deaths and one hundred and
thirty nine cases of poisoning were caused by exposure to this
compound14. These involved not only worlmen handling the neat
TEL but elso included industrial chemists who at that time were
unaware of the toxic action of TEL on the human system. Once the
toxicity of TEL had been established, stringent safety rules for
its handling and manufacture were introduced, and this served to
eliminate further incidents of poisoning, except in cases where
the safety rules were ignored or not known, or where TEL was used
in error15. TAL is adsorbed into the body by inhslation of the
vapours, or by skin adsorption.

The toxicity and toxicology of organclead compounds has been
reviewed by Shapiro and Frey16 and more recently by Thayer17. Most
of the available information is concerned with the toxicity of the
lower alkyl organolead compounds i.e. methyl to butyl. Cremer18,
has shown that the toxic species in TAL poisoning is the trialkyl
lead ion. In rats TEL is converted to triethyl lead by the liver,
with the symptoms for both TEL and triethyl lead poisoning being
identical, but different from diethyl lead or inorganic lead, which
were again similar.

Thayer17 states that trialkyl lead compounds are more toxic
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than inorganic lead compounds, and that the symptoms and distribution
of the lead in the body is different. The relative toxicity of TAL
compounds depends on the animal to which the TLL is administered.
Rats have been shown to be about ten times more susceptible to TEL
than TKL19, due to the differing rates of conversion of TAL in the
animal body.

Rabbits injected intravenously with similar quantities of TIML
and TEL showed marked differences in response, the rabbits receiving
TML showed no ill effects even after three weeks, whilst rabbits
injected with TEL died after sixteen hours.

TEL is more toxic than THML to rabbits and rats, however for
mice the reverse is true, 50% of the TIL lead administered to mice
had been converted to the trimethyl lead after two days and was
slow to disappear. The corresponding figure for TEL was only .30%
conversion after three days.

In one of the few studies actuslly carried out on humans15 it
was found that the distribution and breakdown products in the human
body following fatal exposure to TEL, were similar to that found
in rats by Cremer18. Most of the TEL was converted to the triethyl
lead ion.

A study of the cause of death among workers associated with
the production of TEI.21 has demonstrated that itlis no different
from that of a control group. This investigation was carried out
over a twenty year period, which the author considered to be the
minimum time for the results to have any significance.

The mechanism of action of TAL compounds as antiknock additives
in fuel is still not fully understood. It is generally accepted
however that for the TAL to be effective it must first decompose

22

to lead oxide , which exists as a mixture of the orthorhombic and

tetragonal forms, the percentage of each being determined by several



factors including engine temperature. The build up of this lead
oxide on the wall of the combustion chamber and piston head is
prevented by the addition of the alkyl halides, 1, 2-dichloraethane
and 1, 2—dibromaethane2, to the petrol. The alkyl halides acting
as scavengers, remove the lead from the chamber as the mixed halide
PbErCl and as the mixed ammonium halide/lead halide complex, and it
is these compounds that are emitted from the exhaust pipe of a

23

motor car ~.

1.3. CONTAMINATICK CF TEE ENVIRONMET

It was reported by Hirschler23 that organolead compounds of
unknown composition are present together with inorganic lead
compounds in exhaust fures. This organclead was equivalent to
0.023% of the total TAL input of the engine. The corresponding value
for incompletely burnt hydrocarbons in the exhaust gasses was 1.7 of
the total input reflecting the instability of the TAL compared with
the hydrocarbons. Laveskog24 using & combined G.L.C. and Ii.S.
technique, identified TEL and TNL emitted from the exhaust of
motor vehicles, he also reported that the maximum emissions occurred

fromw cold engines during the warm up period, with values reaching

5,000/4gm-3 compared to 30f1gm—3 for a warm engine under load.
Values for an idling engine were given as 50-100/4gm_3. When crank
3

case emissions were checked a value of the order of 1.0 mgm_ was
found, this is high considering that the fuel and air mixture as
supplied to the engine has a value of only 50 mgm"3 for TAL.
Further loss of TAL to the atmosphere can arise, due to
evaporation from fuel tanks and from minor spillages during the

2

filling of motor car fuel tanks”. Localised high concentration

contamination can occur where large amounts of "leaded" fuel are
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lost during storage or transport. It has recently been reported2D
that in July 1974, some six miles off the coast of Italy, two ships
collided, as a result of this collision one ship subsequently sank,
this ship's cargo was 900 drums of neat lead alkyls, bothk TML and

TEL. The drums are now lying in 300 feet of salt water and the

metal must eventually corrode, releasing their lethal contents on

the sea bed, causing as yet unknown contzmination and demage to the
environment. A4 similar incident occurred in 1966, in which 157

drums were lost at sea, off an unnamed coastal resort. A4is yet no

ill efiects have been reported as a result of either incident.

Used engine o0il is contaminated by alkyl lead compounds26 and
when disposed of in the illegal but much practised way, down road
side drains or on to waste land, this organolead will constitute
another source of lead elkyls, eventually contaminating naturzl waters.

The concentration of inorganic and organic lead in the atmosphere
has been measured at 2 variety of sites and by a variety of methods.
The basis of most methods is to filter a measured quantity of air
and define the inorganic lead as that retained by a filter while the
lead passing through the filter and subsequently removed by another
method is assumed to be organolead. The inorganic lead in the
filter is determined by acid digestion of the filter and measuring
the lead by a suitable method. The quantitative measurement of the
organolead depends on its method of removal after passing through
the filter.

The concentration of volatile and particulate lead in the
atmosphere has been determined for four road side sites by Colwill
and Hickman5, who used a method developed by Moss and BrowettzT,
the inorganic lead is removed using a O.Bfﬁm pore filter, and the

organolead is removed by passage through a 0.1M aqueous solution of
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iodine monochloride. The lead was then extracted fror the iodine
monochloride as the dithizone complex by shakins with L—methrl

ventan-Z-one (IIBK} and analysed by 4.-.8.. The results obtzined
indiceted orgenolead concentrations of 55 and 309 of 2 totzl leszd

3

concentration of 2/ugmﬁ at two of the sites close to petrol filling
stations, &t the other two sites, a motorwav centrzl reservation =nd
a tunnel, a 10% orssnolesd concentration wes determined of & totzl

lead concentration of 1O/g.|g"m'-3 and 15}4?mh3 respectively.

=)

s 25 SSe - -
Snyder = replaced iodine monochloride with activated charcosl
in the removel of organoclead from filtered air. The charcozl on
acid digestion gave 95 - 1005 recovery when known smounts of TAL
T = A - =3 =35
were added., The accuracy clzimed was - 0.008 yem ~ at a C.1l(gm
level of organolead in the atmosphere. The averaece value found for

y
organolead in the atmosphere by this method was 0.078/*gm 2L

o]
o)

Harrison and co—workers2 used a G.L.C. column, cooled to
liguid nitrogen temperatures, to collect the orgenclead passing
through the filters, When the reguired volume of air hed been

_sampled, the column was sealed, warmed to 13006, connected to the
burner of an A.A. spectrometer, then purged with nitrogen cazs. The
resultant pesk is said to represent the organolead collected by the
column. They determined a range of 0.02 - O.59/&gm_3 of orgenoclead
in the air. In the vicinity of petrol filling stations, higher
values of alkyl leads were obtained.

Contuti snd Cartoni’”

used & similar technigue for measuring
more highly contaminated air near an alkyl lead manufacturing works.
The column they used relied on a favourable distribution between the
liguid on the solid support and the air passing through it. The

collection column was then connected to & normal G.I.C. column and

rapidly heated, the resulting peaks were analysed using an electron



capture detector. For the normal levels of TAL found in street air,
this method proved insensitive.

Lavesl:og24 used & 'U' tube containing chromosorb U (60 - 80)
coated with apiezon M at a temperature of -£0°C to collect TAL
compounds at a variety of sites. The TAL compounds were eluted from
the column by heating, then separated and studied by G.L.C. / I.S.

The latter is one of the few methods for the direct analysis of
organoleads in the atmosphere. Levels of TAL varied from 0.1 - 1.Qﬁgm—3
depending on the location and time of sampling

Despite all the work carried out on the analysis of organolead
compounds in the atmosphere, the literature appears to contain no
reference to the detection of organoclead compounds other than TAL.

The dialkyl and trialkyl lead szlts are likely to be intermediates
in the conversion of TAL to inorganic lead, and methods for their
individual analysis are availab1931.

If dialkyl or trialkyl lead salts were present in the atmosphere,
they would be removed by rainfall due to their relatively high
solubility in water32. The rainfall would be further contaminated
by contact with organclead salts present on the earths surface.

The solubility of the TAL compound533

is very low, however so is
their concentration in the atmosphere, hence rainfall would also be
expected to contain some TAL.

As a result we would expect some contamination of natural

water by these various sources of alkyl lead compounds.
1.4. AIM OF PRESENT WORK
Very little recorded data is available on the reactions of

organolead compounds at low concentration.

This investigation is concerned with the fate of alkyl lead



compounds in naturel water systems and their determination, with
particular reference to the potential toxicity of the main

products and intermediates.
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2.1+ PROPERTIES

2.1 1« DHTRODUCTION

I'atural waters are exposed to two distinct eroups of organolead
compounds, firstly the tetra-alkyl leads (Tils); tetramethyl lead
(L), tetraethyl lead (TEL) and the mixed aliyl leads i.e. methyl
triethyl lead (::e3t3pb), dimethyl diethyl lead (I-Ze25t2Pb} end
trimethyl ethyl lead (ﬁeEEt?b). Some or all of these TAL compounds
are present in all commercially aveilable antilmock fluids, and are
the only organolead compounds so used3&. The second group consists
of the possible breakdown products of the Tils, i,.e. Keni PhiX
(n = 0-3) and le Et,  PbX, (n = 0-2), where X is a suitable anion,
included in this group are the higher alkyl lead salts used in
antifouling paintsT and as molluscides1o, e.2. tributyl lead acetate,
the mono alkyl lead salts R'E"b}{_j are unstable and have not been
identified.

In agueous solution these organolead szlts are dissociated16
and the nature of the anion (X) is of little importance. For this
work we found the organolead chlorides to be the most convenient
species to study, being easy to prevare, purify and store. 4An
exception to this is the organolead sulphides, which are unstable
(see Chapter 6).

The properties of TEL and TFL have been investigated extensively,
the mixed TAL compounds have not been investigated to such an extent,
but in general it has been found thet their properties and behaviour
lie between the two symmetrical compounds. The properties and

reactions of TALs have been reviewed elsewhere16’ 34, 35, 36.
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TEL and TEL have been extensively studied because of their
commercial significance as antiknock fluids. The allyl lead salts
have no commercial use and this is reflected in the smaller amount
of data available on their properties, however studies have been

S S | e 3
carried out and this work has been reviewed 6, “5.

2.1.2. PEYSICAL FROPERTIES AND LABORATORY USE

Pure TAL compounds are clear, colourless, volatile liguids,
which are soluble in common organic solvents but insoluble in water16.
The actual solubility of TEL in water has been reported33 to be
between 0.2 and O.3/ﬁ;ﬂ_1. TZL boils at 200°C and has a vapour
pressure of 0.26 mm Hg at 20°C. TKL boils at 110°C and has a
vapour pressure of 23.7 mm Hg at 20°C. Both TIL and TML are heavy
liquids, their densities being 1.650 and 1.995 gml_1 respectively.

The TALs are highly toxic and care must be taken to avoid
inhalation of the vapour or contact of the liquid with the skin.

. They are stable to air, hydrolysis and shock, when handling in the
laboratory no special precautions are necessary, except they must
always be used and stored in an efficient fume cupboard. Ultra-
Violet light catalyses the decomposition of TALs and they should
therefore be stored in the dark and not handled in direct sunlight.
e observed that dilute solutions of THL and TEL (1-10 p.p.m. '/v)
in benzene were stable for at least three months if stored in the
dark.

TALs are thermally unstable above 100°C and in the sbsense of
air TEL may explode. TML will explode if ignited, but may be
distilled in the absence of a hot spot or spark without any
decomposition, in practice TML is best kept at room temperature or

below. Commercially TML is manufactured in the presence of toluene,

'80% TML w/w in toluene ©being the normal concentration, no attempt



is made to sepsrate this mixture ',

The alkyl lead szlts E3Phﬁ and B FbX, are white crystalline
solids, If X is the anicn of a strong zcid the compound is usually
stable to air, water and shock. If X is the anion of a weak zcid

: ’ : GAE = :
the salt tends to dispronortionate” . TFor maximum stability the

s 2 il SR S 0 ;
salts should be stored in the daric below O C. The purity of salt
should be checked by T.L.C. before use.

0,

The toxicity of REPbxz conpares with that of inorganic lead,

while that of R,PbX is comparable with Til. Uare must be talen to
avoid exposure to Ej?bx, however since they are generally solids,
inhaletion of the vapour is not a problem and the possibility of
sltin adsorption is reduced. Concentrated solutions of E_FbX should
2
be treated as Til with regard to skin adsorption. 4n interestins
property of meny REPbX compounds is that zir borne dusts have
sternutatory properties, the poscible use of these as offensive
weapons lead to the preparation of a largze number of organolead
saltsBB’ 39, 40, 41.
The concentrations of alkyl lead compounds in the environment
is generzally so low as to malke solubilities irrelevant. Table 1
lists the solubilities of a2 number of alkyl lead salts in a range

52, 42. We found the table useful in the prepzration

of solvents
and purification of organoclead salts and it micht be of use in the

event of a gross pollution incident resulting from a spillage.
2.2. PREPARATION OF ALKYL LEAD SALTS
2.2.1., TETRA-AIKYL LEAD CONPOUNDS

The TAL compounds used in this work were kindly donated by

Associated Octel Ltd. It was not necessary to prepare and isolate



Et, PbC1
Et, FbEr
3

Et,PbOE
>

Btz Po0ic
(EtBPb)ECO

Me3PbBr

MeBPbOAc

EtszClg

ntszBrZ

b o)
Etz.b(oa)2

Etsz003

Pb012

Psz‘2

SOLUBILITIES OF ALEYL LEsD SAL7S (-171)

~ [

© — <
-+ (] ~
(2] =5 o
= (&} O
20 s 50
13 50
198 s

60 450

Be3 0.017
100 275

135 15

50 i 0.04

15 0.02
34

0.21 0.006
2.9 0.0
8.4 0.0

s soluble

i insoluble

Acetone

0.72

350

222

0.016

0.003

0.1

ither

()]

0.01
0.0

0.0

Benzene

700

8.6
0.016

50

0.04

0.08

0.009
0.0

0.0

0.018

0.02
0.0
0.0
0.03
0.0

0.0

r. solvent suitable for recrystallisation

Alcohol

0.013
0.015

0.053
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any TAL compounds except those required as intermediates in the

preparation of alkyl lead salts.

2.2.2. TRIAIFYL LEAD SALTS

Associated Octel Lid zlso supplied pure samples of triethyl
and trimethyl lead chloride, a number of other trizlkyl lead salts
were prepared.

Triethyl lead chloride (EtBPbCI) was prepared using the method
of Eeaps and co«worker539 and its identity was confirmed by thin
layer chrometogrephy (T.L.C.). 4n alternative method was =lso used
which involved the preparation of TEL as an intermediate. The TEL
was prepared from lead chloride and the appropriate grignard and
then reacted with HCl gas (see Experimental, section 2.1.1.2. pp. 109).
Both methods gave products contaminated with diethyl lead dichloride
and inorganic lead.

Triethyl lead bromide (EtBPbBr) was prepared by reacting TEL
with bromine at -7000, again the product was found to be contaminated
with the diethyl lead salt.

Triethyl lead hydroxide (EtBPbOH) was prepared by the method
of Calingaert and co-workers43. T.L.C. of the product gave a spot
with the characteristic yellow colour of & trialkyl lead salt but
with a different Rf value from Et3PbCI. The salt gave no reaction
with silver nitrate solution indicating the adsence of any chloride
ion.

Triethyl lead acetate (EtBPbOAc) was prepared according to the

method of Heap and co—workersBe, by reacting TEL with glacial acetic
acid using silica as a catalyst. The identity of the product was
confirmed by T.L.C. and melting point measurements.

Trimethyl lead iodide (Me3PbI) and trimethyl lead bromide

(Me;PbBr) were prepared by reacting TML with iodine and bromine



respectively at -70°C. The resulting products were contaminated
with dimethyl lead salts and inorganic lead.
Tributyl lead chloride (BuBPb01) vas prepared by chlorination

of hexabutyl dilead42.

The hexabutyl dilezd was prepzred using lezd
chloride and the appropnriate grignard. Certain precautions must be
observed in this preparation, the temperature should be mointeined
at -70°C and there should be an insufficiency of chlorine, excess
chlorine leads to the formation of dibutyl lead dichloride, also
excess chlorine can lead to an explosion as the mixture warms up,

as chlorine reacts rapidly with the tributyl BuEPbCI to form Bug?bClg

at room temperature (see Experimental. section 2.1.7. op. 111).

2.2.3., DIALXYL LEAD SALTS

Dimethyl lead dichloride (1-1e2Pb012) and diethyl lead dichloride
(Et3pbc12) were kindly supplied by Associated Octel Ltd. The
dialkyl lead halides were prepared by reacting the appropriate TAL
with excess halide at 0°C in a suitable solvent.

Diethyl lead hydroxide (Etsz(OE) 2) was prepared by the method
of Heap and co-workers41 and its identity confirmed by a method
similar to that used for EtEPbOH.

2.2.4., STORAGE OF SALTS
All organolead salts were stored in the dark at 0% or below.

Before use the purity of the salts was checked by T.L.C. and the

materials repurified if necessary.



2.5. PREPARATION OF STANDARD SOLUTION OF ORGANOLEAD COMPOUNDS

2.3.1. TETRAETHYL LEAD

Standard solutions of TEL required for G.L.C. work were prepared
by suitable dilution of pure TEL with the appropriate solvent.

The accuracy of the dilution was checked by A.A.S.. The TEL
was converted to & diethyl lead salt, then extracted into nitric
acid solution, the solution was then analysed by A.A.S., good
agreement was found between calculated and measured concentrations,

(see Experimental, section 2.2.1. pp. 112).

2.3.2., TETRAMETHYL LEAD

The THL supplied by Associated Octel Ltd was a nominal aof-“/w
solution in toluene. Standard solutions were prepared by suitable
‘dilution with an appropriate solvent.

The absolute concentration of the standard was determined by
& number of different methods: (i) the TNL was decomposed to
dimethyl lead ion using bromine, the solvent was then evaporated,
the residue dissolved in nitric acid solution and the lead
concentration determined by A.A.S.. (ii) For water immiscible
solvents following reaction with bromine, the dimethyl lead ion
was extracted into distilled water and the concentration was then
determined by using the P.A.R. method (see Chapter three). (iii) For
water miscible solvents the TNML was converted to dimethyl lead by
jiodine monochloride, then using a suitable aliquot, the dimethyl
lead concentration was determined by the P.A.R. method. All three
methods were in good agreement, giving an average concentration of
71% ™L (1.42 gml_1) by volume in the solution as supplied by

Associated Octel Ltd., (see Experimental, section 2.2.2. pp. 113).
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Standard solutions of trialkyl lead salts were prenared bv

dissolving the appropriste amount of nure solid in distilled water
to give 2 1,000 p.p.m. solution. Lower standsrds were prepared by

suitable dilution. The purity of the standard was checled by

deternmining its dielkyl lead content usings the F...E. method. If
repurified before repeatins the process.

2.5.4., DIALYYL LEAD STANDLARDS

4 similar process for the preparation of diellkyl lead sianderd
solutions was followed as for the trislkyl lead sclutions. 1In this
case the purity was checked by determining the trielkyl lead content

of the solution.

2.4, ZXTRACTION OF ALKYL LEAD S4LTS FROM ACQUSOUS SOLUTION BY
ADSORPTICK AND ION EXCHANGE

2.4.1., INTRODUCTION

It was anticipated that there might be a need to extract and
concentrate alkyl lead salts present in & very low ccncentration in
aqueous solutions, Three possible chromatographic materizls were
evaluated for this purpose, activated charcoal, a cation exchange
resin and & macroreticular resin without ionic groups but capable

of removing neutral and weakly ionic organic molecules from aqueous

solutions.

2.4.2. ACTIVATED CHARCOAL

The use of activated charcoal for the adsorption and concentration

of both organic45 and inorganic46 trace impurities in water has



been reported. The properties of activated charcoal have been

: ; = st = . -
reviewed by rarkasn'f. lLead containing by-rroducts

Fhy

rom the

menufacture of Til have been reclzimed by the use of activated

E.
?

| 4 S o ; : .y
charcoal while TEL, itself, is reported to be unstable when
adsorbed on charcosl, and is not reclaimeble by extraction witk

40 .
steam or benzene ~. The breakdown products were not identified.
Activated charcoal is revorted to adsorb allcyl lead salts
-1 , S et : !
(2O0/4§g ) from a dilute agueous sclution ~. Subseguent elution
of the allyl lead salt was difficult even with the most efficient

V!j \ o

solvent, acueous acetic acid (5% "/v). This solvent geve only 40%

and 705 recovery of triethyl and diethyl lead salts respectively

5

from charcoal. It has also been reported that the conversion fror

-
T

D) 4 . e : 26 :
triethyl lead to diethyl lead is catalysed by the carbon” . e
conclude that activated charcoal was not a suitazble adsorbent for

our purposes and it was not evaluated any further.
2.4.3. CATION EXCHANGE RESINS

2.4.3.1., DNITRODUCTIOR

4 strongly basic anion exchange resin has been used to
concentrate cadmium, copper and lead in samples of natural non-
saline water 50; The metals are adsorbed as their anionic bromide
complexes and eluted using aqﬁeous nitric acid solutions, Heavy
metals have also been removed from agueous effluents using a starch
xanthate - cation polymer complex51.

In this work we evaluated the use of Zeolit 225, a cross linked
polystyrene - divinyl benzene cation exchange resin. This was a

standard cation exchange resin whose normal application is in the

water softening and deionization field.



2.4.3.2, ADSORPTION BY TEE RESIN

The resin (15 ml) totally removed Et,FpCl, (100 mg) from
distilled water (250 ml) with the resin in the hydrogen or sodium
form. A similer result was obtained with EtBPbCl, where the resin
in the sodium or hydrogen form was again capable of exchanging over
100 mg of the salt from distilled water. The resin was also shown
to be capable of exchanging inorganic lead ions in aqueous solution.

Yo attempt was made to determine the totzl capacity or break
through point of the resin, since 100 mg was anticipated to be in
excess of the concentration of alkyl lead which would be present

in solution.

2.4,3.3. ELUTION

Elution of the exchanged cations was carried out using agueous
sodium hydroxide (4% "/v) and hydrochloric acid (4% V/v) solutions
for the sodium and hydrogen forms of the resin respectively.
Successive fractions of eluate (90 ml) from the column were collected
and analysed by A.A.S.. The results are shown in table 2.

Ve also investigated a number of organic solvents as possible
eluants for Et3Pb+. The results of this study are shown in table 3.

The elution of E'tBPb+ with both NaCl and HC1l proved inefficient
giving incomplete recovery and high elution volumes, the recoveries
for 500 ml being only 46% and T72% respectively.

In the case of Et2Pb++ the percentage recoveries were reversed,
with NaCl giving 71% recovery while HC1l gave only 43% with 500 ml
of eluate. With HCl the percentage recoveries per fraction were
low, less than 10%, increased elution volumes would have increased

the total recovery of Etsz012, but at the expense of a high total

volume.
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ELUTION OF LEAD SALTS FROK A CATICN EXCHANGE RESIN BY
AQUEOUS SOLVENTS
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ELUTION OF EtBPh+ FROM A CATION RESIN USING

CRGANIC SCOLVENTS

NETEANOL +
SOLVENT ACETONE KETHANOL rcl (14 V/v)
Resin Form : ;M Bt

Weight of Et_PbCl

Risavbad :€> 0.103 Bl 0.114

% Extraction for

50 ml frections of

solvent
1st Fraction < 0.1 L 0.1 57
2nd Fraction < 0.1 £ 0 1.4
3rd Fraction £ 0.1 ¢ 0.1 7.6
4th Fraction £0.1 €0.1 6.8
5th Fraction < 0.1 < 0.1 6.4
6th Fraction C S Fi € 0.1 SO
7th Fraction € 0.1 < 0.1 4.7

The extraction of incrganic lead ions was carried out for
completion. Recovery from the resins in the sodium form was good
with 76% recovery after 180 ml and 100% recovery after 500 mls of
eluate had been collected.

Neither acetone nor methanol removed any organolead salts from
the resin, this was to be expected as the elution is an ion
exchange process and neither solvent is strongly ionic in character.
With methanol containing EC1 (1% '/v) Et3Pb+ was eluted and gave a
68% recovery in the first 100 ml and 89% recovery for the first

250 ml of eluant.
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We have established that alkyl lead salts ¢
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n. be removed from
aqueous solution by cation exchange and subsequently recovered.
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natural waters was not investisated.

)
mn

other cations would be exchansed alongs with alkvl lead ions and
this could affect the capascity of the resin znd the subsecuent

elution of alkyl lesd salts. If solutions other than distilled

water are to be used the method should first be checked for suitebilitr.
2.4,.4, VACRORETICULAR BESTINS

2.4.4,.1., INTRODUCTICH

Kacroreticular resins have been used to identify and estimate
neutral organic contaminants in potable52 waters. The resin, a
cross linked polystyrene polymer without ionic groups, is reported
to retain 100% of neutral and weakly ionic organic compounds, while
strongly ionic inorganic compounds are not retained. The weakly
ionic compounds are readily eluted from the resin by varying the
pH of the eluant while the neutral organic compounds are eluted
using methanol or diethyl ether.

This resin has the advantage over ion exchange resins that
solutions of high ionic content can be extracted without the resin
becoming rapidly exhausted, this assumes the absence of large
quantities of other organic compounds in the water.

Trialkyl lead salts are known to be ionic16 and may not be
adsorbed by the resin, however the extraction of Et3Pb01 by benzene

53

from a solution saturated with sodium chloride has been reported .

The ionization of Et;PbCl (Equation 1) in aqueous solution is

Bt;PoCl = EtzPb*  + 17 1



supvressed by the addition of high concentrations of chloride ion
thereby increasing the solubility in non polar solvents. It was
thought that the addition of chloride or some other anion might
increase the adsorption of EtBPbCl by the resin.

The suppression of ionizations and the extresction by non polar
solvents is not possible for dialkyl lead salts. This is scarcely
surprising since the dialkyl leads are more strongly ionized in
agueous solutions and are insoluble in non polar solvents.

We studied the adsorption of alkyl lead salts from a range of
agueous solutions and their subsequent elution from the resin,

using methanol, (see Ixperimental, section 2.4. pp. 115).

2.4.4.2. EtEPb01 IN DISTILLED WATER AND AQUEQCUS NaCl SOLUTIONS

Two solutions containing Et;PpC1 (10 ﬁgml-

distilled water and agueous NaCl solution (19 “/v). Fach solution

Fl

i
) were prepared in

was slowly passed through the resin until 90 ml had been extracted,
the column was then washed with distilled water (30 ml) and then
extracted with methanol. Each 10 ml fraction of eluate was collected
and analysed for lead, the concentration being expressed as the
percentage of the total lead added to the column. The results are
shown in table 4.

From table 4 it can be seen that the resin only extracted 60%

of the Et_PbCl from distilled water, with methanol removing only

3

66% of the adsorbed EtszCI.

When NaCl (1% W/v) was added to the alkyl lead solution the

ionization of Et,PbCl was suppressed and the resin extracted over

3
90%, subsequent extraction with methanol gave 100% recovery of the
adsorbed alkyl lead. It is interesting to note that when the column

was washed with distilled water prior to extraction with methanol

some alkyl lead was removed.



EXTRACTION OF Et.PbCl FROM AQUECUS SOLUTION BY 4
E-IACROHETICUE.-'&R RESIN AND ITS SUBSEQUENT
REMOVAL BY METHANOL

Concentration of Ft_FbCl expressed
as a §: of the total added EtBTbCI

FRACTION DISTILLED NaCcl (1%)
WATER
1st 10 ml of Et3Pb01 solution 0) 0
2nd " : : - 0 0
Trd i f . &0 £ 1.0
4th " i " . £1.0 £1.0
S5th " Y " " 1.2 <1.0
6th ™ : " k 2.4 1.0
28 f - " 4.0 £1,0
8th " " B " 4,2 <1.0
9th " i i ; 4.4 <1.0
1st 10 ml of Distilled Water 4.0 2
2nd " " " e 12
Zrd " " " - 8.4
1st 10 ml of Methanol 14 47
2nd " o " 10 11
Zrd " 8 ? 6.5 ol
4th " " 5.1 Bl
5th » " 4.7 3.4

1st 50 ml of Methanol 12 8.4



CONCENTRATION OF DIETHEYL AND TRIETEYL LEAD SALTS BY A
MACRORETICULAR RESIN

% of total lead added present in each
fraction

Solution Solution Solution Solution Solution

Fraction _A B 5 D E
1st 25 ml of eluate 0 0 £ 2.0 9.4 5.8
2nd 25 ml of eluate ¢ 2.0 £ 2.0 4.1 20.4 9.8
3rd 25 ml of eluate ¢ 2.0 <2.0 5.4 24.4 13.5
4th 25 ml of eluate ¢ 2.0 <2.0 745 8.4 16.1
1st 25 ml of methanol &3 57 62 < 2.0 45.4
2nd 25 ml of methanol O 14 2.0 £2.0 2.0

Solution A = Et;PbCL (10 pgnl” 'Y in BC1 (1% V/v)

Solution B = Et;FPbCl 10/¢gm1 ) in NaOic (2% Y/v)

Solution C = Et;PbCl (10 meml” ') in NaoE (1% "/v)

Solution D = Et,PbCl, (25 /(gml ') in Distilled Water

Solution E = Et,PbCl, (20 ﬂgml'1) in NaOAc

2.4.4.5. SUPFRESSION OF IONIZATION OF EtBPbCI BY HC1l, NaOAc AND NaOH
Three solutions containing Et;PbCl (10/4gm1—1) were prepared in
aqueous EC1 (1% Y/v) aqueous NaOkic (2% “/v) end aqueous NaOE (1% “/v).
90 ml of each solution was passed through the resin (10 ml) followed
by 10 mls of the solution without added lead, the resin was then
extracted with methanol. The eluate was collected in suitable
fractions and analysed for lead by A.A.S.. The lead concentration

was expressed as a percentage of the total lead added. The results

are shown in table 5.
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Both, solutions of Etzprl in HCl1 and NaOAc, are totally
adsorbed by the resins, which shows that acetate also suppresses
the ionization, and that the nature of cation is not important for
this work. Extraction with methanol resulted in &3¢ and T1%
recovery from the HCl and NaOAc column respectively. The adsorption
from the 1% NaOH was not complete with 83% of the EtSPbCI extracted
by the resin. The methanol extracted 71% of the alkyl lead adsorbed

by the resin.

2.4.4.4. EtszClz

Pure EtszCI

IN DISTILLED WATER AND AQUEOUS NaOic SOLUTION
o, was added to distilled water and aqueous NaOAc
(2% ¥/v) to give concentrations of 25)¢gml—1 and 20,agm1—1
respectively. These solutions were passed through the resin as above,
the results are shown in table 5.

Solutions in distilled water gave poor adsorption with only
37.5% adsorbed. The methanol failed to elute any diethyl lead.

Solutions in NaOAc were more strongly adsorbed with 55% removal of

which methanol eluted 86%.

2.4.4.5. INORGANIC LEAD CELORIDE IN AQUEOUS NaCl SOLUTION

An aqueous PbCl2

resin and 25 ml portions of eluate were analysed for lead. The

solution (14/&gm1_1) was passed through the

results are shown in table 6. The lead results are expressed as
percentage lead removed from that fraction. Over 29?f¢g of lead
was removed from the first 25 ml of solution, however after 75 ml

the percentage adsorption was only 4%.



TABLE 6

EXTRACTION OF Pb012 FROM AN AQUEQUS SOLUTION BY £

MACRORETICULAR RESIN

% of PbCl, adsorbed

from each fraction

1st fraction of eluate (25 ml) g6
2nd fraction of eluate (25 ml) 22
3rd fraction of eluate (25 ml) 4

2.4.4.6. CAPACITY OF THE RESIN

From the results obtained it is clear that the resin will remove
both Et3Pb01 and to a lesser extent Etsz012 from aqueous solutions,
while the addition of an inorganic salt, such as NaCl or NaOic,
increases the amount adsorbed. For Et3PbCI this could form the
basis of a method for its isolation and concentration. Ve therefore
decided to examine the capacity of the resin for aqueous NaCl solutions
(1% */v and 5% ¥/v). Solutions of Et,PbCl (20)4gm1_1) were prepared
in aqueous NaCl solution (1% ¥/v and 5% ¥/v), these solutions were
passed through the resin and the eluate collected in fractions.
Each fraction was analysed for lead and the results expressed as the
percentage not adsorbed. The results are shown in table 7.

From table 7 the adsorption from NaCl (5% “/v) is superior to
NaCl (1% ¥/v), this is to be expected since the higher concentration
of NaCl would supress the ionization more and so increase the
adsorption. With NaCl (5% "/v) the resin had adsorbed 5 mg Bt;PbCl
and was still removing over 92% of the Et3PbCI from solution. In
the case of NaCl (1% “/v) the resin was only removing 75% of the lead

from solution at a2 similar stage. After 500 ml of solution had been

extracted only 56% removal was being obtained with 1% NaCl.



TCTAL CAFLCITY OF A MACRCRETICULLR RESIN WEEN ADSORRING
EtijCl FROK AN AQUECUS NaCl SOLUTTION

< of lead not adsorbed
from eack fraction

Fraction of Fluate NeC1 (1<) NaCl (59)

(25 m1)
1st 0 € 4,0
2nd < 4.0 < 4.0
3rd £ 8.0 £4.0
4th 1.4 <s
5th 13.0 <s
6th 15 <8
Tth 18 <eg
gth 20 £ 8
Oth 22 £8

10th 2¢ e

11th 28

12tk 31

13th 33

14th 34

15th 35

16th 37

17th 42

18th 41

19th 41

20th 44

21st 46

22nd 47



2.4.4.7. SUMMARY

The resin can be used to remove Et3PbCl from agueous solutions
provided the ionization is suppressed by the addition of an
inorganic selt such as sodium chloride (5% "/v). The alkyl lead
salt can then be eluted by the use of methanol. The capacity of
the resin is high with 10 ml adsorbing at least 5 mg. For diethyl
lead the adsorption and extraction is less efficient but could still
be used on & qualitative basis. The resin will also adsorb a small
amount of inorganic lead ions and therefore cannot be used as a

method of separation.
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ANATYTICAL TECENIOUES

In this particular investigzation there was a need to detect
and quantitatively analyse low levels of alkyl lead compounds.

Because of the wide variation in the properties of TAL, alkvl
lead salts end inorganic lead no single method is universally
arplicable. The method chosen must suit the type of lead compound
and its exvected concentration, often several methods must be applied
to the same sample in order to determine the whole range of lead
compounds present.

The common instrumental methods of analysis used in organic
chemistry (e.g. I.R. and 1i.}.R.) were not applicable to this
investigation due to their lack of sensitivity. Only G.L.C., li.S.
and T.L.C. had sufficient sensitivity for our purposes.

For quantitative analysis we used G.L.C., A.A.S. and Colorimetry.

3.2. GAS LIQUID CHROMATOGRAPHY

3.2.1. INTRODUCTION

The methyl and ethyl TAL compounds are liquids with a range of
boiling points from 110°C to 200°C. This property enables the
separation of the five TALs to be readily achieved by G.L.C..

Fost of the published work on the G.L.C. of TALs has been
concerned with the analysis of commercial petrol. Nany different
columns have been used effectively, but the most critical variable

is the detector.



3.2.2. DETECTCRS AND COLUMNS

The Katharometer is not sufficiently sensitive to Tils for use
with the levels found in this investigation.

The flame ionization detector (F.I.D.) is more sensitive than
the katharometer arnd will readily detect low levels of TiLs, however
it is élso particularly sensitive to hydrocarbon and other organic
solvents. liost of the TAL analysis was concerned with solutions
in an organic solvent, interference from the sclvent made qualitative
and quantitative analysis impossible using this detector systen.

£ number of specific detectors have been used in the determination
of TALs in petrol. Parker and cc—worker554 used & 40% nujol on
chrorosorb at TOOC to separate the five T/l compounds. The separzted
compounds were then collected in an iodine scrubber and analysed as
inorganic lead by a colorimetric method using dithizone.

Soulages and co—workers55 determined TLL in petrol usings a 200 mm
long by 4 mm dia. column containing chromosorb P coated with F.E.G.
400. After separation the allkyl groups were hydrogenated znd the
hydrocarbons produced were then analysed quantitively using F.I.D.

lVlore recently I-’utsaars56 has employed a flame photometric
technique to measure quantitatively TALs eluted from a gas

57

chromatagraphic column., Coker” , utilising an A.A.Spectrometer as
a detector, quantitatively determined TAL compounds eluted from a

900 mm long by 6 mm dia. G.L.C. column packed with 10% P.E.G. 20 ¥
on 100 - 120 mesh Porasil C.

The electron capture detector (E.C.D.) has been widely used
because of its very high sensitivity to electron capturing materials
and low sensitivity to the hydrocarbon matrix of petrol.

The presence of dichloroethane and dibromoethane as scavangers

in petrol has lead to a number of problems in the analysis of TAL

by E.C.D., both scavangers used exhibit strong electron capturing
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properties, and depending on the column used can separate in & vosition

causing peak overlap with one of the TALs. One solution to this

==

problem has been suggested by Dawson”  who found that 2 pre-column
(containing silver nitrate in carbowax 400) placed immediately
before the detector retained the halozen scavengers while permitting
the Tils to pass through unchanged. £n alternative procedure
adopted by a number of workers, has been the use of 1,2,3 tris-

( _ ) B : : LN oo TS :
2-cyanoethoxy) provane as a stationary phase . Jith this
liguid the halogsen compounds were eluted after the final Tail., 4

- = e BT 2 63
nunber of other stationary phases, SE 30 ', F.T.G. end f4piezon 177,

o

are also effective.

Fa2.% 1« BASIC THEORY

The E.C.D. utilises the fundementzl principle that the
conductivity of gases in an ionization chamber can be altered by
the presence of a2 contaminant.

The E.C.D. consists of an ionization chamber containing a
radioactive source. In early detectors tritium was used as a source,
however this has now been superceded by the more versatile nickelSB.
The carrier gas elutes directly from the column into the ionization
chamber where, under the influence of the ionizing radiafion, it

dissociates into a positive ion and an-electron, as showm in equation 2

where nitrogen is the carrier gas.

By the application of a potential across the chamber all the free
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electrons produced can be collected at the anode. The recombination
reaction is slow due to the difference in mobility between the fast
moving electron and the relatively slow movinge positive ion. When
a steady state is reached a constant standing current can be measured
across the ionization chamber.

When en electrophilic compound is eluted alons with the carrier
gas, this steady state is disrupted. The electrons generzated from
the carrier gas react with the electrophilic compound in one of two

ways; either & dissociative reaction (see equation 3), Oor & non-

dissociative reaction (see eguation 4).

B okt D et US4 B 3
e+ AB‘_.__'_\ AB” L

As a result of these reactions the fast moving electron is
replaced by a slow moving negative ion, the negative ion because
of its lack of mobility, now has a high chance of recombination
with any positive ions before it is collected at the anode. The
overall effect of this is a reduction in the standine current, this
is measured and recorded as a conventional G.L.C. trace.

In the earlier detectors a constant potential was applied
across the chamber to collect the electrons, this lead to a number
of inconsistencies. Lovelock64 has reviewed these irregularities
and discussed an alternative pulsed potential procedure.

With the pulsed potential, the potential is only applied for
about O.S’{sec with a delay between pulses of about 100ftsecs.
Since there is no potential difference for most of the time, the

electron density in the chamber is not reduced by migration to the



anode, which increases the electron density and hence the number of
negative ion produced will increase. The negative ions produced will
have a higher chance of recombination as they are not mizratine
towards the anode durings the periods of zero potential. Durins the
short pulses only the electrons are sufficiently mobile to be
collected at the anode, as & result there is an overall increasse in
sensitivity compared to the non-pulsed or D.C. mode.

The period between pulses increases both the sensitivity end
the response to background contamination within the detector, this
contamination can cause non linear base lines and in practice a
balance nust be achieved between sensitivity and base line stability.

65

The normal operating pulse space is 150/usec s

3.2.3.2. IONIZATION SOURCE

Tritium was the main radioactive source used from 1961 to 1965,
between 100 and 250 millicuries of tritium was occluded in titanium
and plated onto stainless steel or copper. The maximum operating
temperature for this source was 22500, this comparzstively low

temperature was inconvenient and lead to the development of a nick9163

source, with a maximum operating temverzture of 3500065. The
advantages of a high maximum operating temperature are two fold, it
prevents condensation in the detector and hence contamination, and
also promotes increase in the electron capture properties of some
compounds. Where the column temperature is close to or even above
that of the detector, condensation can occur within the detector
body, leading to the presence of a permanently electron capturing
species and hence, a permanent reduction in the standing current.

The dissociative process of electron capture (equation 3) is

promoted at high temperatures and hence an increased sensitivity



occurs where the electron capture process is of tkris nature.

3.2.3.3. LINEAR RANGE

The linear range of the detector is low, normally about two
and & half orders of magnitude, even with a clean detector, and is
usually taken as being 209 of the standing current. Detectors
cannot be kept clean,

4s a detector is contamineted then the number of electrons
available for reactiorn with incoming electrophiles is reduced,
therefore the starding current is reduced and so the linear range.
In extreme cases of contaminetion the base line becomes unstable and
a2 negative peak follows a normal positive peak, making guantitative
analysis impossible.

In practice the amount and rate of build up of contamination
can be kept to a low level if & number of precautions are observed:
The detector should always be operated at least 50°C above the
column temperature, thereby preventing condensation within the
detector body. The maximum workingz temperature of the stationary
phase should never be exceeded and where possible not approached,
in order to reduce column bleed., When not in use the column should

be disconnected from the detector.

3.2.4. ANALYTICAL CONDITIONS FOR TETRAETHYL LEAD ANALYSIS

3.2.4.1. INTRODUCTION

The initial analysis of TEL was conducted using the conditions
of Mages and Swanﬁ1 with minor modifications. The carrier gas flow
and column temperature were adjusted to give a retention time of

approximately eight minutes for TEL, (see Experimental, section

B 122, Do A0,



3e244,2., SCLVENT

A number of solvents were tested for suitability as diluert
for TEL standard solutions. Of the solvents examined 60 - €0 pet
spirit and benzene (after purification) eseve the most acceptable
traces. ©DBenzene was chosen as this was a more easily defined

solvent.

3.2.4.3. DETECTCR TEMPERATURE

The response of the detector to a 10 p.rv.m. TEL standard was
measured over & rance of detector oven temperatures. We found
that the response increased with temperature from 150°C to 350°C,
the meximum operating temperature. For this work a temperature of
300°C was chosen which geve & balance between maximum response
while still retaining the ability to increase the temperature, in

order to thermally clean the detector.

3.2.4.4. ANALYTICAL COLUIMNS

Following the procedure of Dawson58 a column was prepared by
coating 15% SE 30 on caustic coated chromosorb W 60 - 80. The
column was conditioned at 200°C for 24 hours with a 50 cc per
minute nitrogen flow, this column proved totally unsatisfactory due
to excess column bleed which made analysis impossible.

Following the advice of Pye-Uhicam66 a similar column was
prepared, however instead of conditioning at 200°C for 24 hours, as
above, the column was conditioned by slowly raising the temperature
from room temperature to 200°C over a period of 7 days. This
column was satisfactory and remained so for several months, after
which time column bleed became evident. The column bleed could not

be removed by conditioning and it was necessary to replace it with



another,
SE 30 is & methylsilicon polymer, which in the presence of a
strong base or acid decomposes to 2 volatile cyclic silicon containinz
BF e s . ) : : :
compouna . This volatile material could have been the cause of
column bleed, however no attempt was made to identify the compound.
The function of the caustic coating on the chromosorb suprort is to

58

prevent crose alkylation if TML and TEL are present In this work
only a single TAL was present in the majority of cases so we decided
to prepare further columns without caustic. 1o problems were
experienced with these columns and as an additional safe suard the
column was conditioned for a minimum of 2 hours at 175°C each day
before use.

in alternative column, using a 1,2,3 tris-(2-cyanoethoxy) propane

(TCEP) as stationary phase, was also prepared and found to give

suitable separation for TEL dissolved in benzene.
%.2.5. ANALYTICAL CONDITIONS FOR TETRAMETHYL LEAD

%.2.5.1. DETECTOR CONDITIOKS

Detector conditions were identical for both TML and TEL,

3e2.5.2. SCLVENT
A range of solvents were examined for their suitability as
diluants for THL solutions. As with TEL, benzene and pet spirit

(40 - 60) were found to be suitable, benzene was again chosen.

302. 503. COLUI“IN’S
Both the SE 30 and TCEP gave base line separation for benzene

and TML, provided the flow rate and temperature of the column were



suitably adjusted to give a retention time for THL of 6 to 8 minutes.

3.2.6. CALIBRATICN GRAPES

Calibration graphs for both TFL and TEL were determined in the
range O - 10 p.p.m. using a 1,*1 injection of standard, (see
Experimental, section 2.2. pp. 112). The graphs obtained were
straight lines passing through the origin. These graphs had to be

recalculated daily due to the varying sensitivity of the detector.

3.2.7. ANALYSIS OF SAMPLES
The normal injection was 1,¢l. When the concentration of the
sample was outside the normal working range i.e. 1 p.p.m. to 10 p.p.m.,
then the calibration graph could not be used without some amendment.
With samples below 1 p.p.m. it was possible to increase the
sample volume to a maximum of 10/41 provided no adverse effects,
such as peak distortion or failure to achieve base line separation,
were experienced. Samples over 10 p.p.m. were diluted with an
appropriate solvent until the concentration was within the normal

working range.

3.2.8. LIMITS OF DETECTION

The quantitative limit of detection for TALs was taken as a
1/41 injection of & 1 p.p.m. v/v solution of the TAL in benzene.
This limit can be increasing by up to a factor of ten by injecting
10/&1 subject to the above conditions.

The qualitative limit of detection was very much dependant on
the sensitivity of the detector at the eime of analysis. The
sensitivity being proportional to the degree of contamination of

the detector. Apart from contamination, the sensitivity could be
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increased by higher amplification aznd by increasins the Tulse

space to BOG/&secs. The qualitative limit can be increased by =t
least & fzctor of 10, compared with the cuantitetive limit bv these
methods. The quantitative limit however cannot be increased in the

same manner due to the lzck of base lin

4]

stability under these

conditions.

5.2.9. ANALYSIS OF MIXED LEAD ALXYLS
Only the qualitative analysis of the mixed methyl-ethyl lead
alkyl was carried out. The column conditions could be gltered to

give base line separation for 211 five TAls.

3.2.10. CONTANINATION OF THE DETECTCR

The detector can be contamineted by any electron capturing
substance, which, if it remains in the detector, reduces the number
of available electrons and hence the gtanding current. The change
in sensitivity of the detector with time could be attributed to
contamination, in most cases the source of contamination was not
identified. The most likely agents were thought to be column bleed
material, carrier gas, and impurities in the sample. The contamination
was not apparently caused by the TAL compounds themselves, as there
appeared to be no relationship between contamination and the amount
or number of injections of TAL. When the contamination reached a
limit where quantitative analysis, within the normal working range
was impossible, the detector was cleaned, (see Experimental, section
Bed olie TBe 11D
3.2.11. DECONTAMINATION OF THE DETECTOR

The manufacturer of the detector provided a detector cleaning

service, this service however was costly and very time consuming,



so wherever possible the detector was cleaned without removal from
the instrument by one of the following procedures:

The temperature was first raised to 250°C and left for up to
24 hours with a low flow of nitrogen passing through the detector.
If this failed to clean the detector then relatively large cquantities
of water and hexane were injected, this latter method never failed
to clean the detector to a level at which cuantitative analysis was

a~ain possible,
3.35. COLCRIMETRIC TECHNICZUES

5.3.1. INTRODUCTION

Yhilst G.L.C. is the ideal analytical technigue for the
cuantitative analysis of TALs, it is not appliczble to the tri-and
di-zlkyl lead salts. 4 literature search suggested a2 limited number
of quantitative methods for the analysis of the alkyl lead salts,

21l of which involve colorimetry in the final stage.

Henderson and Snyder’' with dithizone determined trislkyl,
dialkyl and inorganic lead. 4 guantitative estimation of their
concentration in agueous solution could be obtained by measuring
the chloroform soluble dithizone complexes 2t three wavelengths.

The dithizonates formed are unstable to dayligsht as is dithizone
itself, and the analysis has to be carried out in the dark. Dithizone
is also non-selective forming coloured complexes with Fe++, Zn++, and

En++, all of which have maximum adsorption values which interfere

with those of the dithizone-lead complexes during ana1y31369.

3.3.2. ANALYSIS OF EtSPb+ USING ENPAN-Na

The formation of a complex between 1-hydroxy-4(p-nitrophenylazo)
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-2-sodium naphthoate (HNPAN-Na) and Et_Pb' has been used as a

3

: 2 ; = .
selective method for the estimation of thPb in agueous solution

70

?

with the complex being extracted into chloroform from a weakly

! : 2 ++ <
alkeline agueous solution. Interferences from Etsz . are eliminated

by the addition of ethylene diamine diorthohydroxyphenyl acetic acid.
n . . a3 !F; o . o . Laghae T .

Cupric ions and Fe ions also form a complex with HIPAN-Na but
these are not soluble in chloroform at the pH used to extract the

Et. Pb -ENFAN-Na complex.

3

Exploratory work sugzested the method was indeed practical,
however we decided not to continue with this method but to adopt
instead, the method based on the formation of & complex formed
between dialkyl lead and 4(2-pyridyl-azo) resorcinol (P.4:R.),
(see Experimental, section 3.2.2. pp. 120).

3.3.3. PYRIDYL-AZO RESCRCINOL NETECD

3.3, P.A.R.-Rsz++ COMPLEX

The reagent 4(2-pyridyl-azo) resorcinol disodium selt (F.A.R.)

has been shown to be a selective reagent for diazlkyl lead ions

++)71

(RZPb forming a stable yellow complex. There is no complex

formed between F.A.R. and trialkyl lead ions (R3Pb+). The complex
formed between P.A.R. and inorganic lead is destroyed by the

addition of E.D.T.A. while the P.A.R. - Rsz++ complex remains

unchanged. Thus R2Pb++ can be estimated spectrophotometrically

after complexing with P.A.R.72.

The P.A.R. method has been used not only for the estimation of

Etsz++ alone, but also for Etsz++ in the presence of Et3Pb+, and

for total Et,Pb  and Et2Pb++. Triethyl lead ions, by the addition

3
of iodine monochloride solution, are converted to EtEPb"'+ before

++
complexing73. Ve found that the conversion of EtBPb+ to Etsz



by iodine monochloride is quantitative &nd no loss of Et2Pb++ occurs.

Any TEL present will also be converted to Et2Pb++ which can lead to

falsely high Et3pb+ reading.

3.5.3.2. INTERFERENCES

Ions which may interfere in the analysis, including inorganic
lead but excluding iron, are removed by the addition of 1,2 diamino
cyclohexane N,N',I'',Il' tetra acetic acid (C.D.T.A.). Using this
reagent we found samples containing up to 200f¢g of inorganic

lead could be analysed without interference.

3.3.3.5. CALIBRATION GRAPHS

The calibration graph we obtained by plotting optical density
arainst concentration of EtZPb++ gag) gave a straicht line passing
through the origin. Although this' method was used initially for
Et2Pb++ ions, we found that an identical procedure can be followed
for dimethyl (I-EeEPbH) and dibutyl lead (Bug'Pb'H') ions. The € _
for all three ions occurs at 515 nm and as with Etsz++ we found
the plot of concentration versus adsorbance was a straight line
passing through the origin for both ions. This method can be used
to distinguish between R3Pb+ and R.2Pb++ but cannot be used to
differentiate between lead species if two or more dialkyl lead ions

are present, in this case only an estimation of their total concentration

can be obtained.

3e3+3.4. INTERFERENCE BY THE IRON -~ F.A.R. COMPLEX
The only metal ion which interfered in the P.A.R. method was
iron. The Fe-P.A.R. complex has a imax at 485 nm and contributes a

significant interference to the Rsz-P.A.R. peak at 515 nm (see



ficure 1) when present in the sample.

FIGURE 1 INTRRPERENCEZ OF IRON IN P R, LEETE0D
Fe-Tan
2 J 3 ™
450 500 LY o

There were no known complexing reagents to remove this interference
so the iron had to be removed by a chemical precipitation technigque.
e found that iron could be removed by co-precipitation with lezd
hydroxide. Lead nitrate was added to the sample followed by
sufficient agueous sodium hydroxide to attain pE €. The sample was
then filtered anc the filtrate analysed in the normal way. Using

this procedure, interference from iron is totally eliminated.

343 e3+5. STABILITY OF Et2Pb~F.A.R. COMPLEX

Ve investigated the stability of the Et2Pb-F.A.R. complex and
found that the optical density decreased by about 5% in the light
over a three hour period, there was a 33% decrease over twenty four
hours. In the dark the reduction in optical density was much less,
with only an 8% reduction in sixteen hours and 24% over three days.
In the light of these observations we decided that the complex once

formed should be stored in the dark, and analysed within one hour of

formation.
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5.4. ATCHIC ABSORPTION SFPECTROMETRY

Total lead in & sample was determined using atomic absorption
spectrometry (4.4.S.), (see Experimental, section 3.3. pp. 123).
Previous workers have analysed TAL in petrol directly after dilution
with a suitable organic solvent74, it was shown that standards must
also be prepared using TAL and the same solvent, inorganic lead or
a lead complex was not suitable because of their different atomization
efficienciesTs.

In our work we decided to use only aqueous samples for total
lead analysis to eliminate any problems associated with organic
solvents. lMost samples were prepared as an agqueous nitric acid
solution (1% "/v). If the semple was initially in an organic solvent
it was first treated with iodine monochloride, this converted.any
TAL to 2 non volatile salt. The solvent was then evaporated to
dryness and the residue taken up in aqueous nitric acid.

A A.S. gives & total lead value. If two or more different
types of organo or inorganic lead species are present, individual

concentrations of each can only be obtained if they are first separated.
3.5. TEIN LAYER CHROMATOGRAPEY

The separations of Ph4Pb. Ph3PbCl and thPb012 on alumina
and of R;PbX and R,FbX, (R = Me or Et) on silica plates using

76 as eluant have been reported.

benseiis " or benzene/acetic acid
4 dithizone in chloroform solution (0.1%) was used to develope the
plates, this produced characteristic yellow spots for trialkyl lead,

salmon red for dialkyl lead and red for inorganic lead, there is no

reaction between TALs and dithizone.
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Initially we used an acetic acid in tenzene solution (257 V/v)
es eluant for silica rlates, the substitution of toluene for benzene
on health grounds made nc difference to the separation. le also
found it advantageous to use alumina plates with acetic acid in
toluene (59 '/v) solution es eluant, when small guantities of alkyl
lead were being examined. This method gave a large increase in th
lower level of detection (see table 8). Table 9 gives some typical
Rf values for the systems studied, inorganic lead remeined on the
base line in all cases.

In some instances, if an organic solvent was concentrated and
the residue run on a T.L.C. plate, a yellow spot developed in the
area typical of a trialkyl lead compound. Following some initiel
confusion we established that this interference was not due to a
lead containing species. To prevent further confusion a confirmatory
test for trialkyl lead was developed. The plates were sprayed once
with dithizone and any coloured spots were marked, the plates were
then exvosed to iodine vapours for 10 to 15 minutes, at the end of
this time excess iodine was removed in a stream of air. The plate
was then resprayed with dithizone. If yellow spots were due to
trialkyl lead ions a colour change to the salmon red would occur,
iodine converts trialkyl to dialkyl lead. If the yellow spot
remains yellow, then it can be discounted. This confirmatory test
for trialkyl lead does not change the colours of either the di or
inorganic lead species, the test also has the added advantage of
increasing the detection limit for R3Pb+.

It should be noted that U.V. - activated plates cannot be used
as the U.V. active agent is normzlly a heavy metal salt, and will
complex with the dithizone. The adsorbents used in this work were

non U.V. = active materials.



LINMITS OF DETECTICN OF SONE ALKYL LEAD CHLORIDES BY T.L.C.

Alkyl lead Silica Plates Alumina Plates
Chloride Acetic Acid/Toluene Acetic Acid/Toluene
2L e 5 3 95
Bt_PbC1 5 0.5
He,PbCl 5 ’
Kezpbulz 7 (B 1565)
Etsz012 2 0.5

Values inpe

T.L.C. Rf VALUES

SYSTEN Etij01 Me,PbCl Et_, PbCl, le

3 oFoCl, le FbCl,

Silica Plates
25% AcOH/Benzene .5 .3 % o1
25% hcOH/Toluene .5 3 2 3

Aluming Plates
5% AcOE/Toluene .5 . =3 K |




%2.6. lMASS SPECTROMETRY

As both TIHL and TEL are volatile liquids their mass spectra
are well documented and have been reviewed elsewhere?T.

L number of workers have used M.S. for the quantitative
estimation of TALs. Laveskog24 has identified trace quantities of
TAL in motor vehicle exhaust fumes using & G.L.C./1.S.. EHoward ©
has reported the use of M.S. to determine TEL and TML in petrol.
The peak hights et /e values of 295 and 253 corresponding to
Et3Pb and MeBPb respectively, were compared,

The relative abundances of the ions produced by R4Pb are in
the order:

R;Pb % RPb >Po > R,Pb X R, Pb

where R is either methyl or ethyl. The parent ion peak accounts for
only about 0.5% of the total’”’ . 1If both methyl and ethyl groups
are bonded to the same lead atom, the ethyl group is preferentially

lcst81’ 82.

The mass spectra of the alkyl lead salts have not been reported,
probably because of their lack of volatility. We determined the mass
spectra of a number of the trialkyl lead salts in order to evaluate
the potential of the technique as a quantitative or qualitative
method of analysis, (see Experimental, section 3.5. pp. 124). The
spectra produced showed all the ions which could be formed by the loss

of a varying number of alkyl groups or the halide radical, the abundance

was in the order:

R;Pb = R,PbX = RX = RPb > R,Fb = RPbX )7}33Pbx
%X = Cl, I, oy Br R = Me or Et



Based on Lead 208, Bromine 79, Chlorine 35, Iodine 127.

fe
208
209
223
237
238
243

252
253
256
266
267
268
272
273
273
281

285
287
287
288
295
301

302
316

10

TABLE )

SONE m/e VALUES FOR ORGANOLEAD IONS

I0N
Pb
PbH
KePb
EtPb
lie,Pb
PbC1

lieEtPb

heBPb
MePbCl
Etsz
MezEth

he4Pb

EtPbCl

EtHPBC1
LeECIPb
¥eEt.Pb

2
PhPb

PbBr
MeEtPbCl
MeBPbCl
Et3Pb

EtszCl

MezEthCl

MeEtZPbCI

m

/e
316
L
317
324
330
331

D32
335
345
546
350
360
362
364
365
365
374
28
380
395
394
408
422
439
516

I0N
EtPbBr
EtHFbBr
MezPhBr
Etérb

Et3PbCI

lKeEtPbBr

MeBPbBr

Pol
BtZPbEr
MezEthBr
lePol
MeEtEPbBr
thPb
EtPpl

EtHPbI
He2PbI

Et3PbBr

MeEtPbI

Me3PbI

EtszI

MezEthI

MeEtszI

LtBPbI

Ph3Pb
Ph4Pb
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legardless of the nature of the alkyl lead halide, pealks
corresponding to other helides were always observed e.z. in the
spectrun of Et_FbBr, peaks corresponding to Et.,PbCl end Et_PbI were

also present. Table 10 lists the major peaks found and their /e

value based on the major halosen end lead isotope.

The analysis of trialkyl leed salt spectrum is simpli

Hy
}_‘
m
O
o'
<

the characteristic isotope patterns found where both lezd znd a
halozen atom are present together in the same radical. The presenc
of bromine or chlorine is r=adily established by comparison with the

isotope patterns shown below, firure 2.

206 207 208 79 81 35 37
Lead Bromine Chlorine

PbBr IbCl
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Iodine has only one significant isotove and therefore any Tb - I
containing radicals will have the normal lead pattern. These are
found much higher in the spectrum due to thé high atomic weicht of
icodine.

e decided followins this work, thet mass spectrometry had

only limited use on & gualitative basis.
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REACTIONS OF ORGANOLEAD COMPOUNDS IN ACUROUS SOLUTIONS
IN THE LIGHT AND DARK

4.1. INTRODUCTICK

Although it was not known when this work was started, it has
now been established in these laboratories that the concentration
of organolead compounds in natural waters is low, except in the

5.

vicinity of localized spillages As yet however there is no
published work on the stability or reactions of alkyl lead compounds
at these very low concentrations. In general organolead compounds
are reported to be stable to hydrolysis and in many cases steam
distillation is used in their purificationiG. TAL compounds are
insoluble in water while the organolead salts are generally ionic
and readily soluble in water at the expected concentrations ana due
to the ionic neture the anion is unimportant.

In this work we have attempted to expand our knowledge of the

stability and reaciions of organolead compounds in agueous solutions,

under conditions of light, dark and added metal ions.
4.2. GENERAL ANALYTICAL TECHNIQUE

To determine the organolead content of a sample it was first
extracted with benzene to remove TAL and then the agueous phase was
analysed by the P,A.R. method, the TAL was determined by G.L.C..

+
The weight of the organolead compounds are expressed as Mg of Rsz+ »
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4.3, STABILITY OF DIALKYL LEAD IONS

A T mMTE o 1
‘-.—.::‘.1 . I I 821 ARK

4.3.1.1. DINZTEYL 1=AD DICHLORIDE AND DIBUTYL LEAD DICELCRIDE

ad 240

(11.1/¢gm1_1} were prepared and stored in the dark, The solutions

hgueous solutions of Me,FbCl, (8.1/¢gﬁl_1) and Bu

- R ; 5 :
were analysed for RBPb and R_Pb concentration, with time and

the results are shown in teble 11.

STABILITY OF AQUEOUS SOLUTIOKRS OF megpgg}

IN THE DARK

AND Bu,PbC1,

2

g o+ -1
= concentration as R,Fb Qnoml )
(peys) e Pb" " Me3pb+ Bu2Pb++ B%pr+
0 8.1 0.0 5 06 0.0
28 Tes &6 10.8 .0
46 Tl Dl 10.9 0.0
| 6.8 . 21 1.7 0.09

It can be seen from table 11 that there is a 163?5 loss of I-Iesz'H'

over 71 days, whilst only a 3% loss of Bung++ occurs during the

same period. A small amount of R3Pb+ was found in each case.

4.3.1.2. DIETHYL LEAD DICHLORIDE

An aqueous solution of Et PbCl2 (10.1/Agml-1) was prepared

2
and stored in the dark. The concentration of EtzP‘n"'+ and Et3Pb+



]_

was determined with time. The results sre shown in table 12.

STABILITY CF AN AQUEQOUS SOLUTIOK OF Et.PbCl

IN TEE DARK

3 = -+t -
concentration as Et.Fo gugml 1;

Time 2
(dayq) Etg?b*+ ;*i"t',s}'-‘b-r
0 10.1 0.0
15 9.5 0.03
16 9.6 0.C3
25 9.5 0.0
101 8.7 0.21
120 8.8 0.30
192 8.4 0.33
270 <5 0,27
288 sD 0.51
313 it 0.51

It can be seen from table 12 that slow decomposition of Et2Pb++
takes place with 30% reduction in concentration over 313 days. A
small amount of Et3Pb+ was also found.

4-3-1 .3. SL‘IH’:ARY

£1]1 three dialkyl lead ions exhibited some instability over
the period studied, however the least stable, Mesz++, only suffered
a reduction of 15% in 71 days. The order of stability was:
++

Bu,PbTT DD EtPbT D Me,Pb



, + s - : ;
The formation of RBPb in small quantities with all three ions
sugrests that the decomposition is 2zt least in part a

dispropertionation reaction.

4.%.2., EXPOSED TO LIGET
Agueous solution of lie,PbC1, (10.5/ugn1_1), Bt Pbll
=4 ” , -1y ,
(7.4/ugm1 ) and Buszu12 (6.5}&gm1 ) were prepared and exposed
to normal daylight. The alkyl lead salt concentrations were
determined with time and the results are shown in teble 13. A4ll

three solutions were irradiated for egual lengths of time.

STABTILITY OF AQUEQUS SOLUTIOHS OF Rsz++ IN THE LIGET

concentration as R.Pb gagml_T)

Time e
(Days) Me,Pv™" Me, Pb* EtPb Et3pb* Bu,Pb"" Bu3pb+
0 10.4 0.30 7.4 0.06 £.5 0.0
1 9.9 0.24 7.4 0.06 8.1 0.0
10.2 0.15 7.1 0.09 7.2 0.0
12 9.9 0.33 6.8 0.06 6.2 0.04
23 9.7 0.0 6.2 0.04 4.6 0.01
30 10.2 0.33 6.0 0.14 3.8 0.10
40 S.9 0.65 5.5 0.01 2.6 0.0
58 9.7 0.30 4.5 0.03 1.5 0.04
82 9.0 0.54 4 0.0 0.08 0.46
111 8.7 0.8 0.48 0.0 0.0 0.0
134 9.0 10 0.18 0.0 - s
167 8.0 1.4 0.06 0.03 - -

204 6.2 1.5 0.09 0.0 - -
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From table 13 it can be seen that the order of stabilitv in

T . EtEPbH > 3u2?‘c**

This is & reversal of the order of stability in the dark and
indicates that a different mechanism of decomposition is dominant

in the light reaction.
4.4, STABILITY OF TRIALEYL LEAD IONS
4,4,1, IN¥ THY DARK

d.401.1, HeEFb01 AND BuSPbCI

hqueous solutions of le,PbCl (10.4f¢gm1“1) and EuBPbCI
(10.6}4gml_1) were prepared and stored in the dark. The
concentrations of organclead salts were determined with time. No
dialkyl lead ions were produced by either system. The results are
shown in table 14.

From table 14 it can be seen that Bu3Pb+ appears stable while
the concentration of Me,Pb™ shows some fluctuations, however if any

3

breakdown is occurring it is at most 10% over 220 days.

g4 12, Et3Pb01

Aqueous solutions of Et;PbCl (8.6}ugm1-1) and Et;PbCl
(16.3/4gm1-1) plus Cu' T (20/4gm1-1), were prepared and stored in
the dark. The concentration of alkyl lead ions was determined with
time over a period of 200 days.

Both solutions showed complete stability over the period analysed.

-



STABTLITY OF AQUEOUS SOLUTIOKS OF Bu.PbCl AND Me.PbCl
2 2

IN TEE DARK

¥ ] e b +4 =1

L concen ..ra'c-::or.- as L?Pb Wf:::l )
(Days) Bu,Fb liesPb
6) 10.8 10.4
1 10.8 10.0
2 10.8 9.0
3 10.6 10.2
4 0T 10.3
5 10.8 9.7
7 10.8 9.9
¢ 10.7 10.0
14 10.7 10.0
19 1050 9.3
44 101 10.1
63 10.9 .1
T4 10.8 9.7
220 10.1 9.1

4.4.1.3. SUMMARY

A1l R3Pb+ ions studied appeared stable in the dark and no
reaction occurred between Cu' ' ions and Et3Pb+ ions., Triethyl
lead ion is a product of the reaction between TEL and Cu' ' as

reported later in this chapter (4.5.2.2.).
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44442, EXPOSED TO LIGHT

43421 I~Ie3Pb-Gl AND BustCI
Aqueous solutions of Me, PbCl (17.1,4..5*1:.1-1) and Bu,PbCl
- -
=1
(18.2,4.5::1 ) were prepared and exposed to normal daylight. Io

dialkyl lead ions were formed in either reaction. The results are

shown in table 15.

STABILITY OF AQUEOUS SOLUTIOQNS OF I~Ze3Pb01 AND B%PbC].
IN THE LIGHT

concentration as R2Pb++ sugml-‘l)

Time
(Days) BuBPb+ me3pb+
0 18.2 47 4
1 17.4 16.8
2 16.9 15.6
3 16.5 16.3
4 16.0 16.6
6 15.6 15.5
8 14.5 15.0
13 13.3 15.8
21 11.2 16.5
44 7.2 15.8
52 6.5 58
63 4.7 16.0
74 4.0 14.6
136 - 15.6

From table 15 it can be seen that Bu3Pb+ ions undergo a fairly

steady decomposition to inorganic lead while MeBPb"' again exhibits



o
1

erratic behaviour, however the overall trend seems to be a very
slow decomposition. The lack of formation of dialkyl lead suggests

that the reaction is not a disproportionation.

4.4.2.2. Et PbCl
2
An agueous solution of 5t5PoC1 (21.2,*gml_1) was prepared and
exposed to daylisht. The variation of concentration of organolead

salts with time is shown in table 16.

STABILITY OF AN AQUEQUS SOLUTIOK OF Et3PbCI IN TEE LIGET

concentration as E‘tsz'H (,cgmlﬂ}

Time

(Days) EtB:ob‘* Et,Pb"
0 2112 0.03
1 12.2 0.16
2 6.8 0.19
3 B2 0.35
4 3.9 0.18
5 2.5 0.42
8 0.36 0.26
9 0.27 0.22
11 0.7 0.13
15 0.22 0.14

Teble 16 shows a fairly rapid breakdown of Etan+. There is
a small amount of EtZPb++ produced during the decomposition,
suggesting that disproportionation may be occurring to a small

extent, although it is not the dominant reaction.
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4.5.1. INTRODUCTICH
The sclubilities of TiL compounds are very low, TZL is only
= g =T G LS
soluble at 0.2 -~ u.j,umﬂ_ in agueous solution™~. For our purposes
this was too low to study the reaction of dissolved Til. 4s =
compromise, higher concentrations of TLL in water were prepared and
the solutions were shaken regularly. To sample 2 solution a

portion was removed immediately after shaking, and anaslysed for

organolead content in the normal way.
4.5.2. IN TEE DARK

4.5.2,1. TEL IN DISTILLED WATER WITH ADDED Nit' I0iS

4 solution of TEL (3&.7,15m1'1) wes prepared in distilled water
and an agueous Ni " (2O)ugm1_1) solution. The samples were shaken
to disperse the TEL and then stored in the dark, Thé agueous layer
was analysed immediately after shaking., The results for distilled
water are shown in table 17. The results of the Ni''/TEL solution
were similar.

In both cases no Et.Pb’ was produced and only & small amount

2
of BEt.Pb’ was detected. There appeared to be a rapid loss of TEL

3
from solution without any corresponding product, which suggested
that adsorption on to the glass walls could be occurring. Analysis
of the agueous phase by A.A.S. indicated the absence of inorganic
lead.

After prolonged extraction with benzene, 71% of the remaining

TEL was recovered from the glass walls. The reactions of TEL

adsorbed by silica are discussed in Chapter 5.
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TEBLE 17
STABILITY OF AN ACUEQUS SCLUTION OF TEL I THS DAXX
Time concentration as 332597* (ﬂrml- J
(Days) TEL :Eng+
0 847 0.0
1 2344 0.0
2 204 & CL0Y
6 1l 5 .25
) 17.9 C.15
13 20.0 0.05
16 18.4 .06
23 18.¢ Q.25
41 17.3 0.27
50 1255 C.55
.”7 8.5 C.&1

4.5.2.2, TEL IN AQUEOUS SOLUTIONS OF Cu' @ KD Fe''

Solutions of TEL (38.T/ggml_1) were prevared in agueous solution
of Cu T (ZOf*gml-1 and 1/Lgm1"1) and Fe " (20/«gml_1). The solutions
were stored in the dark and analysed for orgenclead content with
time. The results are shown in tables 18 and 19 and in figure 3
for Cu++ (2q’tgm1_1).

From tables 18 and 19 it can be seen that TEL reacts with Cu''
and Fe T ions to produce Et3Pb+.

The reactions of Cu' & with TEL in alcoholic solutions has been

e S T mechanism has been

studied by a number of authors
proposed for this reaction, cu™" is reduced to Cu' which is then

alkylated, as shown below.



#% room temperazture the alkyl copper reacts with the solvent.

—
-

. - -t S — ] 3
The reaction of Te with TEL at room termperature has also

e e+ ) « s o3 y y
been reported ', the Fe being reduced to Fe ', this reaction has

m

88
been used to remove TEL from petrol . In this work we initially

———

used & Fe  solution, however this would be rapidly oxidised to

o T . . . . i o
e . Ve studied iron solutions because it has been established

txf

thet it is a2 common element in natural waters.,

a8 T o S
Traces of :tePb were found in both systems.
TABLE 18

STABILITY OF TEL IN AW AQUEOUS SCLUTICN OF

cu™ (20 mem1”!) IN TEE DARK
/

. T 1
concentration as ;t2rb++ Q*gml )

Time

(Days) TEL Etst+ Et,Pb'
0 38,7 0.0 0.0
1 26.3 2.1 0.03
2 14.8 3.3 0.0
3 22.49 5.0 00
4 13,82 6.5 0.0
9 8.26 10.1 0.14
10 12.33 11.5 0.15
15 3.39 15.5 0.27

18 7.18 17.8 0.98
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STABILITY OF TEL IN AQUEOUS SCLUTIONS OF Cu (4 ;.Lf'r.l.-1}

e + -1
4D Fo't[20 memi~™!) mi 7o Dam
i I

concentration as EtzF"c-H 9.\5*111 1)

Time rett (20/¢gm1-1) oyt (1/*gm1_1)
(Days) TEL Bt, PbT Bt SPo | TEL Rt, o Etg?b++
0 38,7 0.0 0.0 38,7 0.0 0.0
1 26.0 - A 24,6 0.12 0.0
2 21.3 - ~ 18.6 0.23 0.0
4 20,2 0.41 0.14 16,1 0.36 0.0

7 19,1 0.17 0.08 15.0 0.61 0.05
10 18.6 0.22 0.0 1.4 0.69 0.0
17 17.2 1.8 1.4 6.3 1.4 0.0
24 16.2 0.63 0.09 2.6 1.8 0.0
35 1.1 0.9 0.13 - 2.8 0.0
44 10.7 1.6 0.54 0.45 3.5 0.0
51 T256 1.4 0.0 0.45 3.4 0.0
71 - 2.6 0.24 - 4.3 0.0

314 - 7.6 0.24 - T 0.0

4.5.3. EXPOSED TO LIGHT

An agueous solution of TEL (38.7’4gm1-1) was prepared and
exposed to natural daylight. The orgenolead content of the system
was determined at fregquent intervals. The results are shown in
table 20 and figure 4.

From table 20 the major reaction of TEL is the formation of
EtBPb+ which in daylight will itself decompose to inorganic lead.

It is to be expected that adsorption onto glass will occur in the

light also. Traces of diethyl lead are again observed.



G2

INTL

P

LHEIT JHL

I0IINTOS SA0d

Ay NI T3l J0 HOILOVEY

b @9ao1d

TaL

ft

v
o

(,-T®" ,,92%3 ST ROTIVEINHONOD



STABILTITY OF AN AOUEOUS SOLUTICH OF TEL IIT TER LIGHT

concentration as Etz?bT* Qumﬂ_}}

Time

(Days) TIL Bt,Pb" Bt Fb"
0 38,7 0 0.0
1 17.1 5.8 0.0
2 £.1 6.6 0.15
3 4.9 6.7 0.0
4 6.0 7.0 0.0
9 4.3 3.3 0.20
10 0.65 3.1 0.0
11 0.34 2.9 0.18
15 0.17 1.9 0.11
22 0.12 0.39 0.08
25 0.15 0.37 0.03
38 " 0.21 0.0

4.5.4,., STABILITY OF TML IN THE LIGHT AND DARK

Two aqueous solutions of TIL (30.6r¢gm1_1) were prepared, one
was stored in the light the other in the dark, The organolead content
of each was analysed with time, no He2Pb++ was found in either sample,
the results are shown in table 21.

From table 21 it can be seen that TNL is unstable both in the
light and the dark. The initial rate of loss of THL greatly exceeds
the formation of Mest+ and this would indicate, especially in the
dark, that adsorption onto the walls is again occurring, the TML
still appears to be available for reaction even after adsorption.

The rate of formation of I-Ee3Pb+ is greater in the light than the

dark.



!

TABLE 21

STABILITY OF AGUEOUS SOLUTIONS OF TML IN THE LIGET

concentration as Ne FPb ' Vugmlﬁ )

2

Time Light Derk

(Days) THL HegPb" THL He Pb"
0 30.6 0.0 30.6 0.0
1 4.2 0.86 6.4 1.9
2 3.7 1.6 3.6 2.5
5 3.1 3.8 4.3 3.5
8 1.6 6.3 1.5 .1
12 1.8 10.3 3.0 4.6
14 1.5 12:7 2.0 4.5
16 1.3 15.4 1.1 4.8
19 .53 16.3 .98 4.6
22 0.09 18.3 0.56 4.9

4.5.5. SUMMARY

TEL is stable in the dark but decomposes in the light. TML
decomposes in the light and the dark, however the rate of reaction
is far greater in the light.

TAL compounds absorb U.V. light, decomposing by a free radical
mechanism16. In the vapour phase the products are hydrocarbons and
metallic lead, however in agueous solutions it would appear that
the first stage is the loss of one alkyl group and the formation of
Bij-". This will in turn decompose to inorganic lead by a mechanism

not involving the formation of R2Pb++.
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REACTIONS OF ALIYL LEAD COLPOUNDS VEILE
ADSCREBED Ol STILICA GEL

5.1, INTRODUCTICK

In natural water systems heavy metals are adsorbed by the
1) &a ; @0 _ : 3 ; :
sediment ~. Oliver” suggested that the hishest concentration of
heavy metals are to be found in the finer silts due to the hish
L, - Sk o1 . ; &
surface area, laxfield and co-workers” have investigated the
sediment down stream from & mining operation. Aifter separation

into four fractions, the concentration of lead in ezch fraction

was estimated and found to be in the order:
clay » organic matter » silt » sand

It has been reported that cadmium is adsorbed onto glass
surfaces from aqueous solutions during storagegz, we observed &
similar behaviour with TEL where very dilute agueous solutions
were adsorbed, during storage, onto the walls of glass vessels.

In natural water systems it is to be anticipated that orsanclead
compounds will be adsorbed onto sediment and that sediment
concentration will generally be much higher than found in water.
Since it is almost impossible to obtain a wniform, well defined
natural sediment, with which to study adsorption and sediment
reactions, we decided to use silica gel (100 = 200 mesh), we were

aware of the many differences between this and naturasl sediment.
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5.2, ALSORPTION £AHD EXTHRACTIORN

5:2.1. TETRA-ATEYL LEADS

TLL (5-25/«;:} and TEL (68’?/._47) were totally adsorbved by
susrensions of silice (10 g) in distilled water (50 ml).

The TEL was extrected from the silice suspension with benzene.
The extraction of TEl from water gave an averzre recovery of ©7%
for four samples, whereas the recovery of TEL in the presence of
silica was reduced to 7&%.

The time tazken for extraction aprpeared to be an imvortant
factor in the recovery of TEL. Tor distilled water alone maximum
recovery was achieved by extracting for 2 minutes, with distilled

water and silica, TEL was still extractable a2fter a 2 hour

extraction period and to achieve meximum recovery, samples were usually

shaken overnight using an automatic shaker,
The recovery of TML from distilled water was 100? and complete
within 2 minutes, meximum extraction from silica could be achieved

within 5 minutes, but in this case recovery was only 67%.

5.2.2. ALXYL LEAD SALTS

5.2.2.1. INTRODUCTION

Q
Westoc‘3

found that the recovery of alkyl mercury salts from
tissue could be increased by the addition of an inorganic mercury
salt to the system. This improvement was attributed to the
replacement of the alkyl mercury at adsorption sites by inorganic
mercury salts. In consequence of this observation we decided to

use a similar technique for the extraction of alkyl lead salts

from silica.



Our initial experiments were carried out with Et.PoCl
-

(approx SGO/(?) adsorbed on silica (10 g) suspended in distilled

water (50 ml).

5.2.2.2. AQUEOUS LEAD NITRATE AS ELUANT

lead nitrate (5 g) was added to the suspension and shzken for
30 minutes, the silica wes then removed by filtretion. The large
excess of lead nitrate in the filtrate interferes with the P.A4.R.
method of analysis for dtBFb+, to overcome this the lead is
removed, prior te analysis, by precipitation as the insoluble
hydroxide. Sodium hydroxide is added to give & pH of &€.0 and the
saemple is filtered, the filtrate is then suitable for analysis by
the P.4.R. method.

Utilising the zbove method the recovery of added Et Pb’ ion

3
was only 45§,\§ further extraction of the silica by acueous P%(N03)2
(107" /%) gave a similar recovery of the remaining EtEPb+. The
extraction of the alkyl lead was complete in 30 minutes, overnizht
shaking produced no further increase,.

It was then decided that a2 more efficient way of extracting
the silica would be to transfer it to a column and elute with agueous
lead nitrate solution (10% “/v). By this method we achieved a 92%
recovery, eluting with 200 ml of solution.

The use of agueous lead nitrate as an extraction solution gives
hizh recoveries but has the disadvantage that the inorganic lead
must be removed before analysis. The removal of the inorganic
lead does not result in any serious loss of alkyl lead salts, 085
recovery being achieved vwhen inorganic lead was removed from a

dialkyl lead solution, but the procedure is time consuming and we

decided therefore to seek alternative extraction reagents.



5.2.2.3. AQUEQUS ACETIC ACID SOLUTICN AS ELUANT

e found that an aqueous acetic acid soluvtion (2¢f ﬁfv} gave good
recoveries for all the ethyl and methyl szlts adsorbed on silies,

The results were 965, 949, 965, and 937 for EtzPpCl, Et,PuCl,,
LestCI, and HeEPbCI2 respectively. The analvsis was carried out
by the P.A.%. method after neutralisestion of :he acetic acid
solution with NaQH.

There was no detectable conversion of dislkyl lead to trialkyl
lead or trialkyl leed to dislkyl leasd while adsorbed on the silice
or during the extraction procedure. When silica containing TNL
(680f¢5) was extracted with agueous acetic acid solution (2% '/v),
He3Pb+ (41mg) was recovered. Tt has been revorted that silice
catalyses the conversion of TEL to triethyl lead acetate using
glacial acetic acid£4 . In the light of this observation it was

our practice to extract first the TALs, before extractinge the

alkyl lead salts.

5.2.2.4. AQUEOUS SODIUM ACETATE AS ELUANT

Another solvent system was investicated for the extraction of
Ne3PbCl adsorbed on silica, this solvent, an agqueous sodium acetate
solution (2% w/v), gave poor recoveries with 16% recovery in the
first 100 ml and only 4% recovery in the second. No further work

was carried out in this solvent.

5.2.2.5. ADSORPTION EFFICIENCY
We observed that Et;PbC1 (SOO,ug), Et,PbCl, (500/4g), Me,PbC1
(500 /v.g) and Me,PbCl,, were totally adsorbed from distilled water

(50 m1) by silica (10 g).



5.2.3. NETHODS OF EXTRACTION

Using benzene, for complete extraction 10 minutes shaking
was recuired for THL and overnight for TEL. After removal of the
TiLs the silica was transferred to 2 column and the alkyl lesd eluted

v , .
/v). Aifter extraction the

with aqueous acetic acid solution (2%
pH of the eluate was adjusted to between 7 and € using.sodium
hydroxide solution and analysed by the F.A.R. method, usually
200 ml of acid was sufficient for removal of all the lead salts.

The benzene layer is analysed by G.I1.C, to determine the concentration

of AL,
5.3. DECOMPCSITION OF ALKYL LEAD CONPOUNDS ON SILICA

5.3.1. TETRAETHYL LEAD

A number of identical samples were prepared consisting of silice
(10 g) suspended in distilled water (50 ml) to which TEL (67?T£g as
Etng++) was added . The samples were storpered, shaken and then
stored in the dark. Extraction of the aqueous layer indicated
total adsorption of the TEL by the silica.

The stability of TEL on silica was measured by determining the
change in the concentration of the various organolead species with
time, the results are shown in table 22 and in figure §5 .

Table 22 indicates thet the major reaction of TEL adsorbed on
silica is conversion to Et Pb' which does not appear to undergo

3
further reaction to Etsz'H'. After 29 days only 3% of the TEL
added is extractable as TEL while 70% is extractable as the
trialkyl salt, which leaves 27% unaccounted for, this material must

be irreversibly adsorbed by the silica or have reacted to give

another product such as inorganic lead. We did not attempt to
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isolate or identify this 27%. The analysis after 13 days appears
anomalous to the general trend of results, no reason for this

ancoraly is immediately apparent.

STABILITY OF TEL ADSORBED ON SILICA

% Extracted of TEL Added

Time (Days) TEL Et5Pb+ Et2Pb+*
0 78 - "
2 62.5  23.3 0
7 54.4 B2l 0
13 1.2 63 0
17 22.2  55.4 0
20 19.4 55.9 0]
29 e 69.7 0

5¢3.2., TETRAMETHYL LEAD

As with TEL a number of identical samples were prepared
consisting of silica (10 g) suspended in distilled water (50 ml)
to which TL (530 peg as Me,Pb"") was added. The samples were
stoppered, shaken then stored in the dark. Analysis of the
agqueous layer indicated total adsorption of the TML by the silica.
The change in concentration of the orgsnolead compounds adsorbed
on the silica was determined with time. Each analysis was carried
out in duplicate and the results are shown in table 23 and
figure 6 . As can be seen from table 23 there is poor agreement of

duplicate samples, despite identical procedures, however figure 6
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shows that the general trend is a breakdown of TML to give Keng+,
r "++ -] - 'i
Lean was undetectable except at time O when 1.7% ard 0.65% of

% ++ : ) .

heng were recovered. as with the TZIL there is & percentage of

material unaccounted for, agazin this is assurmed to be irreversibly

adsorbed or to have reacted to sive inorgsnic lead.

g
!
=
N
N

STABILITY OF TML ADSORBED ON SILICA

% recovery of TNL added
Time (Days) THL Me3pb+ x92?b++
0 67.5 2.4 s e
65T 8.4 0.6
7 24.4 he -
47 & &
14 26 16.3 0
32 19,1
28 7 24 0
22 25.2 0
49 10 34.2
6.3 24.1 0

The effect of allowing the silica to dry while TML was

adsorbed on it, was also examined. Two samples were filtered 2 hours

after the addition of TML, the silica was then air dryed overnight.
Some 24 hours later the silica was analysed by the usual procedure.
Neither TNL or Me,Pb'  were detected in either sample. Trimethyl
lead (82f¢g as Mesz++) was recovered from both samples. It is

unlikely that the TML evaporated from the silica and therefore it



would appear that drying greatly increases the rate of breakdown to

inorganic lead,

5.%.3. TRIETHYL LEAD CELORIDE

number of identical samples were prepared consisting of silice

b
T

b=

(10 #) suspended in distilled water (50 ml) to which Et.PbCl
J
g e 4 - " "
(659/¢g as EtQPb ) wes added. The samples were shaken and stored
in the dark. The samples were analysed for alkyl lead salt content
with time. The results are shown in table 24. 1In 211 cases totzsl

adsorption of the EtBPbCI occurred.

MARTLITY OF Et3PbCI ADSOREED ON SILICA

Time % recovery of Et,PbCl added
S
Days LtBPb EtQPb
0 94
95
21 78.2 1.9
74.5 4,6
42 i Jed
T8.1
84 68 6.9
69.4

-

It can be seen from table 24 that EtBPb01 is relatively stable

while adsorbed on silica with only a 26% decomposition in 84 days,



and of this only 6% reacted to form .‘:'JT:EF'b-'-T
was not identified and was probably inorganic lead.

decomposition wecs during the first 21

]
I

I

added underwent decomposition,

5.3.4. TRIMETEYL LR®AD CELORIDE

4 number of samples w

days,

y the remaining 205

1 - o
when 18 %

ere prepared consisting of silica (10 g)

suspended in distilled water (50 m1) to which He; PoC1 (666f45 as

Me2ﬁ€$ had been added. The
dark, they were analvsed in

with varying time.

The results are showm

TABLE 25

semples were shaken and stood in the

duplicate for methyl lead szlt content,

in tgble 25,

STABILITY OF HeBPbCI ADSORBED ON SILICA

Pime % recovery of heEPbCl added
(Days) e Pb* le,Pb™"
0 95
96
14 84 0
85 0
28 84 0
81 0

Other samples of HeijCI were filtered and the silica was

allowed to air dry in the dark, it was then analysed for alkyl lead

salt content after 5 and 15.

The result

S are shown in table 26.



STALEILITY OF KeB?hfl ADSORBED ON STIICA AND ATR DRYED

.

¢ recoverv of Ke3Pb01 added

Time
(vays) 1-;e57ob+ I-Ze2Pb++
5 100 0
15 02 0

Total adsorption of the he3PbC1 occurred in all cases. HeEPbCI
shows no tendency to form hesz++ while adsorbed on silica, whether
the silica is wet or dry. Teble 26 shows that 8% decomposition
occurred during a 10 day period on the dry silica. Table 25
indicates that meximum reaction took place during the first 14 days,
when 115 decomposition cccurred, compared with only 2% in the

second 14 day period. Again the decomposition product or products

were not identified but were sssumed to be inorganic lead.
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REACTIONS BETWEEN AILXYL LEAD CONFOUNDS 4D SULPEIDE IONS

et Y

6.1. TITRCDUCTION

When other workers in these laboratories reacted organolead
salts with natural sediments, the evolutiorn of a pungent odour was
noticed, this odour only occurred after the organolead salt had
been added. Vhen EtBPbCl was the added szlt, an analysis of the
odour established the presence of diethyl sulphide, which has e
pungent odour, and TEL., If Ke3FbCl was the added salt, then
dimethyl sulphide and TiL were identified in the ztmosphere above
the sediment. The formation of TAL from trialkyl lead iomns
sucgests that an alkylation reaction could be taking place, possibly
involving sulphur.

Biological methylation of certain metzls and metalloids was

P 94 :
established many years ago~ , while that of mercury has only recently
: 95 2 5
been discovered”” following the deaths of 41 people and 111 cases
of poisoning in the Hinamata area of Japan. Inorganic mercury was
disposed of by industry into & river estuary, this underwent
bacteriological methylation forming the highly toxic monomethyl
mercury, and this was then concentrated in the tissue of fish which

formed the staple diet of the local inhabitantsgs. The naturel

methylation of mercury has been reviewedgT’ 98. It has been shown
that two mechanisms exist for the methylation of mercury. A non-
engymatic route involving methyl cobalamin, 2 vitamin B12 derivative,

9
10 and vhich is present

which readily methylates mercuric salts
in many natural species known to methylate mercuric salts. Fowever
other organisms have been known to methylate mercuric salts when

methyl cobalamin is absent, and for them an enzymation route has
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been prorosed

The biological methylation of lead was first reported in 1975
by Wong and co-workers102, who stated that the addition of lesd
nitrate or trirmethyl lead acetate to lave sediment incubated under
anaserobic conditions, greatly increased the formation of TI. /411
sediments produced TML from trimethyl lead acetate but onlv certain
sediments produced THL from lead nitrate or chleride, no Tl was
produced from lead hydroxide, cyanide, oxide, bromide or nalmitate
when added to sediment.

4L more detailed investigztion of this work seemed desirable
because in the U.I. alone over 12,000 tonnes of inorsanic lead are
released into the environment annuelly from motor vehicles, and
should 2ll or part of this total be methylated to TLiL or trialiyl

e : 1
lead ions, serious conseguences could result 03.

6.2. NETHYLATIONK OF LEAD

By analogy with the methylation of mercury a possible mechanism

(&%

for the methylation of lead is by & methyl group transfer from
methyl cobalamin. However in the case of lead this would lead to
the formation of a2 monomethylated species as an intermediate and
such a species is known to be very unstable35. The di and trialkyl
lead compounds should if methylated form trialkyl and TAL compounds

respectively.

I'o reaction is reported to occur between methyl cobalamin and

Ve PbOAc, Me,PbCl, lNe,PbCl, and Pb(N03)2 in aqueous solution over

3 3
21 days104, nor was any 14C—TI-'IL formed from Pt and 14C—methy1

cobalamin105. The demethylation of methyl cobalamin however has

been reported106, when it reacted with Pb(OAc)4,no reaction was



'
L

e

. . b 1 - - - -
evident with b ', No organolesd product was identified and the

= i1

nethyl group was lost by volatilisation. Thus the methylation

102

L=

observed by lons must be via an enzymatic pathway or possibly
via & chemicel reaction.

Using natural sediment and anaerobic incubation it was found
that the formation of TiL from Me_.Fb ions wes repeatable but that
the formation of TIL from Pbo was not10i.

It is lmown that salts of the type R.PbX tend to disproportionste

as follows:

e
)
()

=

2R, PLX ——=pR P+ R PDX,

where the weaker is the acid HX, the sreater is the tendency to
disProportionate34. Hydrogen sulphide is a wezk acid and the
organolead sulphide would be expected to underco extensive
disproportionation reactions.

When dilute solutions of HeBPbCI were reacted with Nazs the
formation of THL was evident within 24 hours, while solutions of
MQBPbCI without added Na2S produced no detectable amount of THL.

It seems likely therefore that the apparent methylation of trimethyl
lead ions is in fact a two stage chemical reaction where the
trimethyl lead sulphide is initially formed and then undergoes a

disproportionation reaction to give TIMNL as one of the products.

When Et_PbCl was added to sediment and incubated under

3
anaerobic conditions, the only detectable TAL compound produced
vas TEL1O4, the formation of Et.Pblle would have been anticipated if

3
the reaction is a biological methylation, where as the formation of

TEL supported the chemical disproportionation theory.

Sulphur is present throughout the environment in a number of

107

oxidation states , as hydrogen sulphide it is liberated by many
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organismes under anaerobic conditions. This would normally react
with dissolved heavy metal ions forming the insoluble sulphide. IT
alkyl lead salts were present we would expect that they would
compete with other cations for the sulphide. %Vong and co-—worl:ers1O2
suggest that autoclaving the sediment, prior to the additior of
le,FoOhc, prevented the formetion of THL. Autoclaving of the
sediment has the effect of destroying zll biological activity which
includes the formation of hydrogen sulphide, thus if the sulphide
disproportionation mechanism is correct the formation of TIIL from
I'e.PbOic would not be expected following autoclavinz of the sediment.
2

This mechanism explains the formation of THL from EeijOAc in
natural sediment, however it offers no explanation of the reported
formation of TKL from inorganic lead ions102. This mechanism
however must be very selective since TIL is formed from lead nitrate
and dichloride by certain sediments only, but not from lead bromide,
hydroxide, cyanide, oxide or palmitate102. The mechanism must also
involve the transfer of two alkyl groups before the lead species
becomes free in order tc overcome the instability of the monoalkyl

2

lead ion We decided to study the reactions between organolead

compounds and sulphide ions in more detail following the above

observations.
6.3. PROPERTIES OF ORGANOLEAD SULPEIDES

Alkyl lead sulphides are usually prepared by metathetical

reactions of the type:

b=
2P3PbX + NaZS——y(BBPb)au + 2NaX



They are usually covalently bonded and show a tendency to be

unstable, oxidizing slovly in air to the alkyl lead sulphate, this

vi.L

reaction is used as a method of preparation of the alkyl lead

15 il 5
sulphates ~. Triethyl lead sulphide ((Bt,ij)E,S} is a liguid

) : IR = 3 s ;
C). The synthesis of organclead sulphide compounds

; : 08 L . !
has been reviewed , While the preparation of a number of them

(mu po "45.1

e

has been patented because of their potentizl antilmock prOpertiesjeg’11o.

6.4. ANALYTICLL TZCHNIOUE WITH ORGANOLEAD SULPEIDES

To separate TAL and organolead salts in agueous solution the
TLL compounds are normally removed by solvent extraction with
benzene, where orzanolead sulphides were also present it wes found
that they too were extracted by the benzene. In the presence of
++ +
Pb e, Pb
3 2 (s

. ++ S ; : :
and heZPb occurred, if organolead ions were in excess then it was

found that the dialkyl lead ions were extracted preferentially.

excess sulphide ions, totel extraction of Et Pb+, Et

When the agueous layer was acidified prior to extraction, no
organolead salts were extracted by the benzene. 4Any organolead
sulphide previously extracted by benzene, could be transferred back
to an agueous phase by shaking with dilute acid.

In this work, when sulphide ions were present the sample was
acidified prior to extracting the TAL compounds, The acidification
had no effect on the determination of the alkyl lead salts by the

P.A.R. method.



6.5. STABILITY OF ALKYL LEAD SULPEIDE

6.5.1. INITIAL OBSERVATIONS OF TEE REACTION RETEIN

TRIALEYL L®AD ION ARD SULPEIDE ION
‘Tnen the atmosphere in 2 sezled flask containings an agueous
solution of Heinﬁl and HaQS was analysed for TLL content, TIL was
detected, no THL was detected above a similar solution containing
only HengCI. Similar results were obtained with a corresponding
agueous solution of EtBPbCI and Hags. When eguimolar concentrations
of Hes?bCl and Et3P501 vere reacted with 3228, four of the possible
five ethyl methyl TAL compounds were detected. The concentrations

in decreasing order of mammitude were:

L > EtzlieFo » B, Fp D EthesPb

The results suggest & single alkyl grour transfer, with the

methyl group migraiing more readily than the ethyl sroup, hence

>
absence of EtEMesz indicates that a single alkyl group migration

the higher concentration of Et.lePb compared to EtKeSPb. The
is occurring.

A strong characteristic odour of an alkyl sulphide was noticed
in all cases, no attempt was made to identify this other product
at this stage.

Low concentrations of sulphide ions in distilled water were
unstable, with the sulvhide being oxidized to sulphate. 4n agueous
solution of Ka,$ (10"4 i) was fully oxidised in under 48 hours. To
overcome this problem when studying a reaction over a period of

time, additional sulphide was added every 24 - 48 hours,
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6.5.2. STABILITY OF BIS TRINETEYL LEiD SULPEIDD

in agueous solution (500 ml) of le.FbCl (ETftﬂml-' as lie. b )
2 ' 2
was reacted with Ha25.7326 (0.C1 £) in a stoppered flask and stored
in the dark. The concentration of the methyl lead saltis was determined

STABILITY OF (1-:e31=g)_2§_

- ’ -1 ‘o =
Pime concentration inpme ml (as meQPb 4)

Tim
(Dayvs) ' Ee3Pb+ Eesz++
¢ 27 0.15
3 23 1.4
5 g s 1.4
7 18,0 0.0
10 14.6 0.0

After each analysis lia,S.7E,0 (0.01 g£) was added to the reaction.
In the atmosphere szbove the reaction TIL and dimethyl sulphide
were identified.

A further experiment was carried out to determine the amount
of TML produced. Trimethyl lead chloride was reacted with excess
sulphide ions over 12 hours, after which period the system was
analysed for organolead content. The results of duplicate samples
are shown in table 28. O0Of the He3Pb+ that reacted, 22% was found
to be TML, 11% to be Heng++ and the remaining 67% was inorganic

lead.
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TABLE 28

MASS BALANCE OF DECOMPOSITION OF (MBBEQ)zg

SAMPLE A SAMPLE B
me3pb+ initially present 568 568
Mesz** " " 0.0 0.0
EEBP%+ present after 12 hours 471 478
Me2Pb++ " " " 11.0 11.0
THL " " " 2.0 20.8

.IF ++
411 values as lie,Pb 9¢g)

6.5.3. STABILITY OF DIMETEYL LEAD SULPEIDE

in equeous solution (500 ml) of Me,PbCl, (19pmeml™ as ke Po™)
was reacted with Ne,S.7E0 (0.02 g) and stored in the dark. After
12 hours a black precipitate indicated the presence of inorganic
lead. An analysis of the aqueous indicated the total absence of
Mesz++, however MeBPb+ ions were determined at a concentration of
8.9/ugm1-1. A large amount of TML together with a trace of dimethyl

sulphide was determined in the atmosphere above the solution.

6.5.4. STABILITY OF BIS TRIETEYL LEAD SULPHIDE

To an aqueous solution (500 ml) of Et;PbCl (25.7/4gm1-1 as

Bt Pb ') Na2S.TH 0 was added, the solution was shaken then stored

2 2
in the dark. The variation in concentration of ethyl lead salts
with time is shown in table 29. Following each analysis a further

Na2$.7H20 (0.01 g) was added. In the atmosphere above the reaction

both TEL and diethyl sulphide were identified.



Pime concentration as Eitsz k’.t"'m'l_ )
(Days) Et3Pb+ 5t2Fb++

0 25.7 0

3 24.6 0

5 23.0 0

8 21.7 0

6.5.5. STABILITY OF DIETEYL LEAD SULPEIDE

in agueous solution of Et2Pb812 (500 m1) was reacted with

3 ;: b
Na,S. 75,0 (0.02 ¢g).

The verietion in concentration of ethyl lead

selts with time is shown in table 30. Tollowing each analysis

IEa2S.'?E20 (0.02 g) was added.

TABLE 30

STABILITY OF Et,PbS

W -
concentration as Et,Pb ngml )

Time
(Days) Eg39b+ Etsz++
0 2.73 11.03
1 2.95 6.59
2 2.7 3.70
3.05 0

From table 30 it can be seen that diethyl lead ion is rapidly

decomposed. As the initial sample of Etsz++ was contaminated with



I

L ta = =+ 3 :
B 3Pc the formation of ;tﬁPb as & product is not clear. To

establish this, a further experiment was carried out using pure

= - 3 ¢ L |
thPb . The results are shown in table 31.

Time ceok 2
(Days) Bt Pb T Et, Pb T
3 2
0 0 366
1 13.6 29.1

A large guantity of diethyl sulphide was also detected above
the reaction mixture. From table 31 it can be seen that the
decomposition of Bt PbS (357,&g as Et2Pb++) produced only 13.6,45

of EtSPb+.

6.6. REACTION OF TEL WITE SULPHIDE IONS

The reaction of TEL with sulphide ions in the absence of light
gives a result typical of the reaction of TEL in distilled water

under similar conditions.
6.7. CONCLUSION

Sulphide ions have been shown to react positively with both
di and tri methyl and ethyl lead salts. The salts appear to be

reacting according to previously reported disproportionation



. 16 .
reaction for alkyl lead szlts , ecuations

2 PO —— ®
2 2

- - o ]
AR POE,—P RPLX 4+ RX o+ PO,

The final product of any reaction will therefore depend on
the relative rates of disproportionation together with the amount
of excess sulphide present. However the overall effect is the formation
of TAL but with & large reduction in the total orrsnolead content
of the system. The alkyl sulphides, also formed zs a product, are
already present in the environment from nztural biclogical

11
processes .
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SUMMARY OF RESULTS AND TEEIR RELEVANCE TO
THE ENVIRONMENT

7.1« INTRCDUCTION

Ve have investigated the effect of a number of parameters
on the breakdown of alkyl lead compounds in aqueous systems. This
investigation was conducted using relatively simple model systems
which differ markedly from complex natural water systems, however
we feel that the results of these studies could mzke a significant
contribution to the study of the pollution of the acueous environment
by alkyl lead compounds.

The parameters which were investigated included light, surface
area, and the effect of & number of anions and cations. It was not
possible in the time available to investigate the influence of such

parameters as temperature, pH or redox potentials.
7.2. TETRA-ALKYL LEAD COMPOUNDS

In the dark 2 solution of TEL in distilled water was stable
with only 2% decomposition to Et3Pb+ over 77 days, there was
however extensive loss of TEL from solution by adsorption onto the
glass walls. The TEL was recoverable from the walls by extraction

with benzene. Solutions containing cutt or Fett

ions in the
absence of light promoted the breakdown of TEL to form Et3Pb+, the
rate of reaction being proportional to the concentration of the

1 of Cuf+,

metal ion. In solutions containing 20 mg1'1 and 1 mgl™
30% and 2% respectively of TEL reacted to give EtzFb' over a ten

day period. Only traces of EtZPb++ were produced in these reactions.
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——_—

"hen exposed to sunlight, aqueous solutions of TEL rapidly
decomposed, initially to give Etst+ and finally to P, The
maximum concentration o Etsz+ was attained after 4 days and
corresponded to an 1& conversion of TEL, after 15 days only 1%
of TEL remained unreacted. Aqueous solutions of TIL reacted
fairly repidly in both the light and the dark. Over a 22 day period
59% and 165 respectively reacted to give Me3P%+, also only in the
dark was there evidence that TIL was removed from solution by
adsorption onte the glass wzalls.

The order of stability in the light and the dark is shown
below:

Light TML » TEL

Dark TEL > TML
The fact that the order is reversed between the light and the dark
implies that the dark and light reactions follow different
mechanisms. Ve have not made any mechanistic studies, however on
the basis of other evidence, one possible explanation of the
different reactivity in the light and dark is that the light
reaction is a free radical process and the dark reaction a polar
process16.

Both TML and TEL were totally adsorbed from agueous solutions
onto silica, once adsorbed both underwent decomposition with R3Pb+
being the only detectable organolead product. Analysis of the
silica after 29 days indicated that 99% of the TEL had decomposed
to give 70% of EtBPb+ and no other organolead product, the remaining
products were not determined, but were assumed to be inorganic lead.
In the case of TML, after 28 days, 85% had decomposed to give only
25% of He3Pb+, again no other organolead product was found and the

remaining TML was assumed to have reacted to give inorganic lead.
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The order of staebility of the TML and TEL on silica is the
same as that observed for the reaction in agueous solution in the
light i.e. TNML > TEL, however from the analysis of the products
formed it would appear that on silica Et3Pb+ is more stable than

1-1e3pb+ (vide infra).
7.3. TRIALEYL LEAD COMPOUNDS

In the absence of light, aqueous solutions of the trialkyl
lead compounds (I»Ie3PbCl, Et;PbCl and Bu.SPbCl) appeared stable, the
only minor exception to this being Me3PbC1 which decomposed by 10%
over 220 days. Cu** ions in solution did not promote the decomposition
of Et, PbCl.

>
In the light the order of stability was:

5 + i
Ne;Fb© >  BusPb > Et5Pb

+, 25% loss of

over & 15 day period there was some 4% loss of lies Pb
Bu3Pb+ and 99% loss E+3Pb+. The final product in all cases was
inorganic lead, however with Et3E%+ a trace of Etsz++ was also
detected.

The normal order of stebility in the light is again apparent
with MeBPb+ the most stable. The solutions of Me3Pb+ and Bu3Pb+
were studied under identical conditions, however the Et3Pb+ solution
was studied under different conditions (i.e. different time of the
year, therefore different amounts of light) and therefore we feel
that we cannot compare the reactivity of Et3Pb+ to the other two
compounds on a strict basis.

Both Et Pb+ and Me Pb+ were totally adsorbed from agueous

3 2
solution by silica. After 28 days 16% of the Meij+ had decomposed
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to give inorganic lezd with no formation of Meng++. After 84

3Pb+ had decomposed to give 6% of Etsz++ end the

rest as inorganic lead. These results agree with those observed

days 265 of the Et

during the decomposition of TEL and TML while adsorbed on silica

when R3Pb+ is formed as a product

N 5 + e
18 t5Fb > lePb
In the presence of sulphide ions the R3Pb+ compounds reacted
to give the trialkyl lead sulphides, which are unstable even in

the dark, and disproportionate to give R,Pb and R2Pb++. In the

4
presence of excess sulphide ion the R2Pb++ will react further to

give the dialkyl lead sulphide which also undergoes disproportionation
to give R3Pb+ and inorganic lead, hence the final product will

depend on the relative concentration of organclead salts and

sulphide ions. In the case of excess sulphide ions the final

product will be R ,Pb and inorganic lead. The decomposition of alkyl

4
lead sulphide takes place over & matter of hours and proceeds in the
ebsence of light. Alkyl sulphides are also produced during these
reactions. Due to the complex nature of reactions no attempt was

made to establish the relative stabilities of the methyl and ethyl

lead sulphides.
Te4. DIAIKYL LEAD COMPOUNDS

Agueous solutions of R2Pb++ compounds in the dark are less
stable than H3Pb+ solution under identical conditions. After
71 days, 16% of a Mesz++ solution had decomposed, some 3% of
which had formed Me3Pb+, similarly a Busz++ solution decomposed
some 4% with about 1% formation of Buij+. Over 101 days a

solution of Et.Pb ' reacted to give a 14% loss of starting material

2
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and 2% formation of Et3Pb+, while the same solution over 313 days
decomposed by 30%, giving some 6% EtBPb+ as a product. These

results suggest an order of stability of:

BuZPb-H' >> Et2Pb++ > 1-1.92131:*'+

This agrees with the relative stabilities found for aqueous
solutions of R4Pb and RBP%+ in the dark., The formation of R3Pb+
as a product suggests the reaction is in part at least =2
disproportionation reaction.

In the light the order of stability, as normal,is reversed as

shown below, together with the percentage reacted over 40 and 204

days.
- - e
Mesz > E‘tsz b Busz
40 Days 5 26 69
204 Days 40 oS 100*

. Busz++ had completely decomposed after 101 days.
In all cases Bij*- ions were again found suggesting a2 disproportionation
reaction, however only with 1-1e2'pb++ was there a significant build
up in concentration of the trialkyl lead ion determined. After
204 days, 14% of the Mesz++ had been converted to Meij+. This

ion was observed to be the most stable of the R3Pb+ ions studied

during the investigation of their stability in the light.
7.5. ENVIRONMENTAL ASPECTS

It has been shown that the toxic species in TAL poisoning is
the trialkyl lead ion, with the symptoms for both TEL and Et3Pb+
poisoning being identical but different from diethyl lead or
inorganic lead poisoning which are themselves similar18. Trialkyl

lead salts are by far more toxic than either dialkyl lead or
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inorganic lead compounds17. The toxicity of R2Pb++ compares with

inorganic lead, however the solubility of the RQPb++ will be greater
permitting increased mobility.

The conversion of TAL to the toxic species RBPb+ by sunlight,
Cu++ and rettt also means that a more readily soluble form of
organolead is produced, this could help to spread any localized
pollution aided by natural water movements. In the light however
R3Pb+ is unstable and will be converted to inorgezmnic lead, and only

in the case of MNe Pp* is there the slight possibility that any

3
trialkyl lead ions would persist. The fate of any dialkyl lead ions

in solution in the light will be the same with again the Heng++ being
the most stable dialkyl lead species studied. In the environment

it is unlikely that in any aqueous system exposed to sunlight,
appreciable concentrations of organclead compounds could remsin,

If it is assumed that silica behaves in a similar menner to
natural particulate matter, then all three forms of organoclead
compounds (TAL, R3Pb+, and R2Pb++) will be removed from solution
by adsorption and concentrated in the sediment10 where & slow
decomposition will occur to give inorganic lead as the final
product. The adsorption effectively removes the alkyl lead from
the solution, however it could still pose a toxic threat to
animals or fish, ingesting sediment as part of their normal life
style. Following ingestion the alkyl lead species may then be
desorbed from silica and retained within the creatures body. This
could lead to the poisoﬁing of a whole range of creatures in a food
chain.

The major environmental consideration of the reactions

involving sulphide ions, is that the total organolead content of a

system will be rapidly reduced to give the TAL and inorganic lead,
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assuming an excess of sulphide ions. (Sulphide ions are readily
formed under anazerobic conditions in bottom sediments, and under
such conditions would normzlly be in excess). If other species are
present, capable of reacting with TAL to give an alkyl lead salt,
then the only product will be inorgenic lead, in the absence of
such species it should be remembered that a toxic volatile

organolead compound will be produced.

7.6. COXCLUSIONS

hen consideration is given to our observations it is difficult
to envisage how, other than under exceptional conditions, the
concentration of alkyl lead compounds in the agueous environment
could reach any significant level.

The biological methylation of lead which has been reported by

several authors102’112’

is beyond the scope of this present work,
and cannot be commented on except to say that the TML, once formed,
would be subject to the reactions studied in this work.

The methyl lead compounds are more stable, and on this evidence
the use of TEL should be encouraged so as to reduce the amount of
TML used as & petrol additive. However, regardless of the type of
organolead compounds the final product in any decomposition of
organolead must inevitably be inorganic lead, a toxic element which
is accumulative and particularly dangerous to the embryonic and
infant stages of all species, therefore the use of any lead compound

should be kept to a minimum and, where suitable alternatives exist,

eliminated.
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EATZRINENTAL

Unless otherwise stated the following terms, reagents and

experimental conditicns were used throughout this work.
1.1. REAGENTS

411 reagents were A.R. grade.

Ether unqualified refers to diethyl ether.

Water refers to distilled water.

EHC3 refers to concentrated nitric acid.

HC1l refers to concentrated hydrochloric acid.

Samples of the following chemicals were kindly supplied by the
Associated Octel Company Ltd:

Tetraethyl lead (pure) (Et4Pb, TEL)

Tetramethyl lead (80% in toluene) (1e 4Fbs L)

Mixed alkyl leads (TEL/TML, 5C/50 catalytically redistributed)

Triethyl lead chloride (EtjP’bCl}
Trimethyl lead chloride (He3Pb01)
Diethyl lead dichloride (EtszC].z)
Dimethyl lead dichloride (1-:e2Pbc12)

1.2. GENERAL TECENIQUE

Evaporation of solvents was carried out using a rotary
evaporator the vacuun for which was provided by a water pump.
Wide range universal indicator paper (Johnsons) was used for

pH measurements.,
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2, EXPERIIIEKTAL WORT RELATING TO CHEAPTER TWO

2.1. PREPARATION OF ALKYL LEAD SALTS

411 confirmetery T.L.C. work was carried out on silica plates

eluted with acetic acid/toluene (1:3).

2.1.1, EtBPbCl

2.1.1.1. To ether (25 l) saturated with IC1 ges, TZL (4.0 ml) was
added dropwise with continuous stirring and cooling., A white
precipitate formed immediately. The mixture was maintsined at 0%
for 20 minutes then at room temperature for 30 minutes, the white
solid was then filtered off. Yield 4.9 g (74%). Its identity was
confirmed by T.L.C. against a genuine sample. The prepared Etij31

was impure with a second spot corresponding to Et2Pb312 present.

2.1.1.2. To EtlgBr, prepared from Mg (10 g) and EtBr (44 g) in
anhydrous ether (200 ml), lead chloride (56 g) was added over
5 = 10 minutes with vigorous stirring, while the temperature was
maintained at 0°C - 10°C. The mixture was stirred for 1 hour at
OOC, then refluxed for 1 hour. The excess Grignard was quenched
with water and the ether layer was separated and dried using
anhydrous Mg504.
The ether layer was cooled using a dry ice/acetone mixture,
and then HC1l gas was bubbled through until all reaction had ceased,
the mixture was allowed to attain room temperature and the white

solid was filtered off. 7Yield 21.5 g (65%). T.L.C. confirmed its

identity when run against pure Et3Pb01. The sample was again
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contaminated with Et2Pb812 &s indicated by & saluon red spot.
2.1.2. EL, PbBr
4
TEL (1 zl) in ether (5C ml) was mainteined et -70°C using
oy 1 as maintained et =70 C using

AT : L v - .
dry ice/acetone. 3Bromine solution (1€ "/v in ether) (12.5 zl) was
added dropwise with stirring. After addition of the broumine was
complete the mixture was stirred for 10 mins at -70°C then allowed
to attain room temperature. The ether was filtered to remove
Et,PbCl, and then evaporated leaving Et,PbCl. Yield 1.3 ¢ (6&52).

4

T.L.C. confirmed the presence of a trialkyl salt contaminzted by

dialkyl lead ions.

2.1.5. EtijOE

Bt PrCl (1 &) in benzene (15 ml) was shaken with KaOE (5.6 g)
in water (8.4 ml) for 20 minutes. The white sclid formed in the
lower layer was filtered off, extracted with hot benzene, filtered
and recrystallised at 0°C. The identity was confirmed by T.L.C..
The absence of chloride ions was confirmed by & negative reaction

with agueous silver nitrate solution under acid conditions.

Calsils EtBPbOAc

TEL (3.3 ml) in glacial acetic acid (1.0 ml) and a small amount
of silica (¥.F.C., 80 - 200 mesh) were heated under reflux. After
60 minutes tle mixture, which had solidified, was filtered and the
so0lid recrystallised from benzene. TYield 3.5 g (587). T.L.C.
confirmed the sample was & trialkyl lead salt. M.p. 158°C

(1it, 160°C).
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2.1 ¢50 I‘:e I:bI

3

TL (2.5 ml) in pentane (2C ml) was maintained at -70°C using
dry ice/acetone. Iodine (4 g) in pentane (20C ml) was added
dropwise over 20 minutes while the solution was continuously stirred.
Stirring was continued for a further 10 uminutes then the solution
was allowed to attain room temperature. 4 yellow solid was filtered
off. Yield 3.9 g (55%). T.L.C. of the product indicated the

presence of trialkyl lead contaminated with both dialkyl and inorganic

lead. Io attempt was made to purify the product.

218, H33PbBr

TL (2.5 nl) in pentane (20 ml) was maintained at -70°C using
dry ice/acetone. Bromine (2.4 g) in pentane (100 ml) was added
dropwise over 20 minutes. The reaction was stirred continuously.
After a further 10 minutes the mixture was allowed to attain room
temperature. The white solid which had formed was filtered off.
The solid was dissolved in ether, filtered then recrystallised by

the addition of pentane. Yield 4.2 g (687). T.L.C. confirmed the

presence of a pure trialkyl lead salt.

2e1.7s BuBPbCI

The Grignard reagent was formed from lg (14 g) and butyl
bromide (68.7 g) in anhydrous ether (250 ml). Lead chloride (639.5 g)
was added with vigorous stirring over 10 to 15 minutes, and the
temperature was maintained below 10°¢c. Stirring was continued for
1 hour at 0°C and for a further hour while refluxing, Excess
Grignard was quenched with water and the ether layer separated and
dried with anhydrous Hg504.

Hexane (250 ml) was added to the mixture and ether was distilled
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off until the temperature of the distillate reached 55°

C. The
mixture was then cooled using dry ice/acetone, chlorine gas was
added until in excess (i.e. a positive reaction with wet starch
iodide paper). The mixture was then allowed to attain room
temperature slowly. The mixture was filtered to remove dibutyl

lead dichloride and inorganic lead, the solvent was evaporated to

give Bu-FbCl. Yield 44 g (8459). T.L.C. confirmed its identity.

2.1.8. Et,Pb(CE),
Et,FuCl, (3 &) in ether (30 wl) was shaken with KaOE (3 g) in
water (10 ml). The white suspension disappeared from the ether
layer and the aqueous layer turned cloudy. The mixture was left
overnight, the ether decanted and the sclid st the interface
filtered off and dried under vacuum over P4010.

salmon red spot. The absence of chloride ions was confirmed by &

The T.L.C. zave a

negative reaction with an acidified aqueous solution of silver

nitrate.
2.2. STANDARD SOLUTIOKS

2.2.1. TEL

Vith a 101 syringe TEL (10/41) was added to benzene (200 ml)
in a volumetric flask to form a 50 p.p.m. standard solution. This
solution was freshly made every three months, however good agreement
was always found between o0ld and new indicating the standard was
stable over those three months. Lower standards were prepared by
suitable dilution with benzene.

The accuracy of the standard solutions was checked by A.A.S..

To 5 ml of standard (50 p.p.m.) excess bromine (0.1 ml) was added
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and then evaporated to drymess. any residue was dissolved in aqueous
e " : fae? V /oy =m oy = / S = . S - .
nitric acid (1% /v) (250 nl) and the Fb' W concentration determined

b}" 1.1.. .;;.S. .

2.2.2. T

L (1C/¢1} was added, using a 10l syringe to benzene (200 wl)
forming a 50 p.p.um. standard sclution. Since THL was supplied as &
mixture with toluene its true concentration was determined as
follows:

Excess bromine (0.1 ml) was added to 5 ml of standard, followed
by evaporetion of the solvent. iny residue was dissolved in agueous
nitric acid (1< ¥/v) (250 ml) end the Pb'' conceniration determined
by A.4.S..

5 ml of 50 p.p.m. standard was diluted with benzene (approx 45 nl),
then excess bromine (0.1 ml) was added followed by water (50 ml).
After shaking, sodiun thiosulphate (177 /v aqueous solution) was
added to remove excess bromine. The aqueous layer was separated
and the extraction repeated with a further 25 ml of water. The
agueous layers were combined and made up to 100 ml in a volumetric
flask. The dimethyl lead ion content of the solutiorn was determined
by the P.4A.R. method using 5 ml samples.

For water miscible solvents a suitable aliquot ( 1.0 ml)
containing between 10 and 100/4g Rsz++ was analysed as a normal

sample by the P.Ai.R. method.

2.2.3. TRIALEKYL LEAD SALT STAKNDARDS
All salts were purified immediately before the preparation of
standard solutionms. Ne3PbCl and EtBPbCI were purified as follows:

The salt (1 g) was dissolved in the minimum amount of ccl,,



114

filtered to remove dialkyl lead and inorganic lead salts, and hexane
was added to precipitate pure trialkyl salt.

(o]

_ Bus?b31 was purified by recrystallization from acetone at -60°C.
2.2.4. DIAIEYL SALTS

£11 salts were purified immediately before the preparation of
standard solutions.

2.2.4.1. BuzFbClz A Et Pb012

2
The salt (1 g) was washed with ether (50 ml) to remove trialkyl
salts. The salt was then dissclved in acetone and filtered to

remove inorganic lead. The addition of ether precipitated the pure

dialkyl salt.

2.2-4.2. IJGZPDCan
Ilo suitable solvent could be found to recrystallise Kesz012.

However the sslt was freed of Me,PbCl by washing with ether. BHence

3

solutions of KeszCI were standardised against a standard solution

2
of MeBPbCI by the F.A.R. method.

2.3. CATION EXCHANGE RESINS

The cation exchange resin used throughout was Dowex 50W - X8
(18 - 52 mesh), supplied in the hydrogen form. New resin (15 ml)
was used for each experiment. Vhen used on the B form, the resin
was washed with agueous EC1 solution (4% '/v) (100 ml) then water
until the eluate was chloride free as shown by a negative reaction
with silver nitrate solution. When used in the a form the resin

was washed with aqueous NaCl (4% “/v) (100 ml) then water, until
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the eluate was again chloride free.

2.3.1+ ANALYSIS OF FRACTICNKS

4ll fracticns collected were analysed by £.i4.S.. Aqueous
samples were adjusted to 1% '/v nitric acid by the addition of
concentrated acid. Organic solvents were evaporated to dryness

and the residue taken up in aqueous nitric acid (1% “/v).

2.5.2. COLUMN
A 20 mm dia, glass column witk a glass stop cock was used,
The resin was supported on & glass wool plug, flow rates were

10 = 15 w1 min-1 for all solutions.
2.4, NACRORETICULAR RESIES

The macroreticular resin used was Amberlite X&D - 2 (20 - 50 mesh).
Yew resin (10 ml) was used for sach experiment, and was washed with
100 ml distilled water before use. A column, as described above,
2.5.2., was used to contain the resin. All flow rates were
approximately 10 ml min™t.

41l samples were analysed by A.A.5.. Agueous samples were
adjusted to a concentration of 1% ?/v nitric acid by the addition
of EN0.. Organic solvents were evaporated to dryness and the

3

residue taken up in aqueous nitric acid (1% '/v).



3. EXPERINENTAL WORK RELATING TO CEAPTZR THREE

5.1. GAS LIQUID CHROILATOGRAPEY

3.1.1. INSTRUIENT

Chromatography: Pye Unican llodel 104.

Detector: Pye Unicaw Electron Capture Detector, K163 source.
Uperating Temperature: 300°¢.
Cpereting Lode: pulsed, pulse space 13&f*5ec.
Purge Gas: nitrogen, purified by molecular sieve.

Integrator: Kent Chromalog !Zk. 1.

Carrier gas: llitrogen purified by molecular sieves.

3.1.2. COLUKES
All columns were 6 um dia. glass.
SE 30 : 150 cm, 10% SE 30 on Chromosorb W (60 - 80 mesh)

SE 30 (OH) : 150 cm, 10% SE 30 in &7 NalE coated chromosorb ¥
(60 - 85 mesh)

TCEP : 300 cm, 105 1,2,3-tris(2-cyanoethoxy)propane on
chromosorb W (60 - &5mesh)

3.1.2.1. FREPARATION OF CCLUINS
SE 30 was dissolved in dichloromethane, NaCE in methanol and
TCEP in acetone. Solvents were evaporated using a rotary evaporator.
SE 30 (OH) was conditioned slowly over seven days. The
temperature was maintained at 60°C for 24 hours, then raised 20°%

every 24 hours until 200°C was reached, the nitrogen flow was

40 ml min-1. SE 30 was conditioned at 200°C for 48 hours with a

nitrogen flow of 40 ml min~', TCEP was conditioned at 150°C for

48 hours with a nitrogen flow of 50 ml min-1. Immediately before
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use S& 30 columns were conditioned at 17503 for 2 hours and TCEF

columns at 12003 for 2 hours.

5.1.2.2, COIDITIONS

Tor Column Cperating Te;m(oC.} Flow iate
TEL  SE 30/5E 30(0E) 100 80 ml min~'
T  SE 30 60 40 ml min~'
TEL TCEF 60 40 ml min"‘I

The above conditions are only approximate and were adjusted to

give a suitatle retention time for TAL, usually & minutes.

Je1e3. CALIBRATION

Calibration graphs were prepared by injecting 1/‘1 samples of
2, 4, 6, &€ and 10 p.p.m. standard solutions. Peak areas were
measured using the integrator. Calibration graphs were recalculated

daeily. Standard solutions were stored in the dark at al1] times.

3.1+4. DECORTAMINATION OF THE DETECTOR

Decontamination of the detector was initially carried out
thermally, if this failed a more severe technique was adopted:

&n empty column was connected to the detector and a nitrogen
flow of 30 =l min™ ' was set. The column oven was adjusted to 150°C
and the detector oven to 350°C, and then left for 24 hours.

If this failed to decontaminate the detector, then hexane
(100,41) and water (100/41) were injected alternately into the
empty column while the conditions were maintained as above. .Two
injections of each were normally sufficient. The outlet from the
detector was connected to an efficient fume cupboard during this

process. After injection of the hexane and water the thermal



cleaning process was repeated.

5.2. COLORIMETRIC TECHNIQUE

3.2.1. HNPAN - Na

3.2.1.1. REAGENTS

HNPAN - Na Solution

HNPAN - Na 0.072 g

water to 200 ml
ENPAN - Na was dissolved in water and made up to 200 ml in a
volumetric flask. The solution was stored in a dark bottle.

EDDEA Solution (1072K)

Ethylene diamine diorthohydroxyphenyl acetic acid (EDDHA) 0.36 g

Ammonium hydroxide (s.g. 0.880) 2.5 ml

Water to 100 ml
EDDHA was dissolved in ammonium hydroxide and water (2.5 ml) and
made up to 100 ml with water in a volumetric flask. The solution
was stored in a dark bottle.

C.D.T.A. Solution (10™°M)

1,2 diamino cyclohexane N,N',N',N', tetra acotic acid

(cpTa) 3.6 g
Aqueous Nz2OE (10% “/v) 20 ml
Water to 1000 ml

CDTA was dissolved in NaOH solution and made up to1 1 in a
volumetric flask.

Phenolphthalein Indicator (P.P.)

Phenolpthalein (P.P.) 1¢g
Ethanol 90 ml

Vater to 100 m1
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P.P. was dissolved in ethanol and made up to 100 ml in & volumeiric
flask with water.

Buffer Solution

lmmonium hydroxide solution (1:4)

Ammonium Chloride
Lpmonium hydroxide solution was added to ammonium chloride solution
so as to give a pE of 8.3.
Sodium Chloride

Sodiun Chloride 105 ¥/v aqueous solution

Chloroform

3+2.1.2., HETHOD

Samples were less than 50 ml in volume containing no more
than 120,¢g of EtEPb+ and 100/;g of EtEPb++. The concentration of
NaCl in the sample was adjusted to a 15 "/v solution.

To the sample, EDDEA solution (2 ml) and CDT4 solution (2 ml)
were added with shaking, followed by 1 drop P.F. indicator. Weak
ammonia (205 Y/v) or nitric acid (57 '/v) was added to give a faint
red colour. Buffer (10 ml) and ENPAN - Na solution (2 ml) were then
added. The solution was made up to volume (50 ml) with water, and
extracted with chloroform (10 ml) for 1 minute. The chloroforn was
filtered and the C.D. measured against a reagent blank at 440 nm in
10 mm cells. A calibration graph was prepared by determining the
optical density of samples containing 20, 40, 60, 80 and 1OOf4g of
Et3pb+.
3.2.1.3. PREPARATION OF ENPAN - Ia

HNPAY - Na was not a commercislly available reagent, so it was

prepared according to the method of Hewitt and Nitche114,



SOLUTIOK 4
To water (10 ml) p-nitroaniline (4 g) was added followed by
EC1 (10.4 ml). The mixture was cooled to 0°C and Ianio, (3 &)
dissolved in water (6 ml) added, keeping the temperature below 8°C.
SOLUTION B
1 hydroxy-2-napthoic acid (5.4 g) and LalE (6 g) were dissolved

in water (20 ml), and cooled in ice.

Solution A was added to solution B slowly with stirring, keeping
the tenperature below 8°C. EC1 acid was added to give an acid reaction
to congo red, followed by excess Kaz
off and recrystallised from TEF., TYield 4.9 g.

CO,. The product was filtered

3.2.2. PYRIDY - AZ0 - RESORCINOL KETHOD (P.4.R. IIZTHOD)

3.2.2.1. "Hmd.

ICL (1.0M
Potassium Iodide 27.75 g
HC1 acid (s.g. 1.18) 111.25 ml
Potassium Iodate 18.75 &
Water to 250 ml

HC]l was added to the KI dissclved in water and cooled to OOC. K103
was added with stirring, then the solution was made up to 250 ml
with water in a volumetric flask.

Buffer Solution

Sodium Sulphate hydrated Ea2503.7H20 60 g
Triammonium Citrate 46 g
'Potassium Cyanide 5¢&
Ammonium Hydroxide (s.g. 0.880) 100 ml

Yater to 1000 ml
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Sodium sulphate and triammonium citrate were dissolved in water
(ca 500 ml) and trensferred to & 1 1 volumetric flask. ILCN was
dissolved in water (ea 50 ml) and was edded to the flasl: followed
by ammonium hydrozide end water to volume.

P.4i.R. Solution (4 .04.}:10"31-:)

Pyridyl - azo - resorcinol sodium selt (P.A.R.) 0.282 g
Water to 1000 ml

P.A.R. was dissolved in water and made up to 1 1 in a volumetric

1,2, diamino cyclochexane N,N',II',Ii', tetra acetic acid
(C.D. 2.4, ) 14.56 g

Sodium Eydroxide 4 g
Water to 200 ml
C.D.T.4. was dissolved in a solution of I'aCH in water and made up

to 200 ml in & volumetric flasl.

3+.2.2.2. METHOD

Analysis for Etsz'H'

ICL solution (1 ml) wes pipetted into a 25 ml volumetric flask
and was washed from the sides with a small volume of water. ZIBuffer
solution (5 ml) was added from a pipette and the soclution shaken to
dissolve the liberated iodine. A measured volume of sample (4 = 10
containing no more than 100ng Etsz++ was pipetted into the flask.
P.A.R. solution (5 ml) was added followed by C.D.T.4. (1 ml), the
solution was then shaken and made up to volume with water. The
formation of a red colour following the addition of P.A.R. and its
removal by C.D.T.A. indicates the presence of inorganic lead in the
sample.

The absorbance of the solution at 515 nm was measured in 10 mm

ml)
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glass cells against a reagent blank.

Analysis for Et.jppj_

~ . - s : B o
<he concentration of Et.Fb was determined by the difference
-

: 5 . - - . A - L -
in the absorbance between the above solution estimated for nt2Pn

and a solution estimated for total (Et.Pb'" and Etal‘b+). The

2
estimation of Etz}‘b++ plus EtBPb+ was carried out by the addition
of the sample to ICl solution before the addition of the buffer.
The mixture of ICl and sample was left for 5 minutes to allow

complete reaction before the addition of the buffer and the remaining

reagents.

3e2e2.3. INSTRUMENTATION
Routine analysis was carried out on a Pye-Unicam SP 500
spectrophotometer. Visible spectra were determined on & Pye-

Unican SF 80C. 10 mm glass cells were used in all instances.

3e2.2.4. INTERFERENCES
Samples containing FbT (200408, cu'r (200p) and Ti™" (200pg)
were analysed as above to determine any interference. lione was

noted.

3¢2.2.5. CALIBRATION GRAPES

The optical densities (C.D.) of samples containing 0, 20, 40,
60, 80, and 10q,¢g of alkyl lead were determined for KeEPb++, Et2Pb++
and BuEPb++. All three gave straight lines passing through the
origin. The following factors for conversion of 0.D. to concentration

were calculated:
= ++ ‘ ++
hesz : 0.D. X 148.88 )‘-Lg IIeZPb

P - =+
EtzP'b 3 6.D. X 151,38 = /—L £ EteP'b

Buw,Pb™ : 0.D. X 190.48 = M g Bumtt
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3.2.2.6. STABILITY OF P.i.R. = Et,Pb'"
Two samples containing Etsz++ (chf4g) were analysed by the

F.A.R. method using & 10 fold increase in reagent volumes. One

solution was stored in the light, the other in the dark. Iach was

analysed with time to determine the stability.
5.3. ATONIC ABSORPTICKN SPECTROMETR

Atomic absorption spectrometry (A.A.S.) was carried out on a
Perkin Elmer PE 305 Spectrometer using the 2£3.3 nm line of a
hollow cathode lead lamp with an air/acetylene flaue. Agueous
sanples were present as 16 v/v nitric acid solutions and run
against standards of lead nitrate in nitric acid solution (1% v/v).
Organic solvents were evaporated and the residue taken up in

aqueous nitric ecid solution (1% '/v).
3.4, THIN LAYER CEROMATOGRAPHY

3¢4.1. GEKNERAL
Silica and alumina refer to I N Kleselgel G, and ¥ I Aluminoxid G.
respectively. These materials were used at a thickness of 0.25 mm
on 20 cun glass plates and were equilibrated with the atmosphere
before use.
Plates were eluted in a closed atmosphere saturated with
eluant vapour and developed using dithizone (0.1% ¥/v) solution in
carbon tetrachloride.
Salts were applied from an appropriate solution, chloroform
was found to be suitable for B3Pbx and acetone or water for R2Pb12.

With systems giving low Rf values care was necessary not to overload
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the plates to prevent sireaking and consequently false R, values.

£
The results of the elution of allyl lead salts under different

conditions is given in table 9.

5¢4.2, LTITS OF DETECTION

Solutions were made up of Et32b31 and HeEPbcl in chloroform at
1 mg ml™' and of Bt PbCl, and lie PbCl, in water at 1 mg m!,
Ileasured volumes were applied to T.L.C. plates from a calibrated
microsyringe (19/41), the solvent was allowed to evaporate and the
plates eluted and developed with dithizone solution. Flates were
studied visually, and those on which spots were not observed were
placed in iodine vapour for 15 minutes. OCn removal from the iodine,
the plates were left in a stream of air until all the adsorbed
iodine had been evaporated (ca 1 hour), when the plates were
resprayed with dithizone solution.

Sample volumes of 5, 3, 2, 1, 0.5 and 0.2}ul were applied and
the corresponding limits of detection for the verious systems are

tabulated in table 8.
3.5. HASS SPECTROMETRY

lass spectrometry was carried out on an 4A.E.I. E.S. § mass

spectrometer, the conditions being:

Accelerating Voltage 8000 V
Electron Energy 0V
Source Temperature 250°C

Probe Temperature 110°¢C
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4, DXPERIMENTAL WORK RCLATING TO CHAPTER FOUR

411 solutions were prepared using distilled water. COrganolesad
salt solutions were prepared by suitable dilution of 1000 p.p.m.
standard solutions. Solutions containing metal ions were prepared
from 100C p.p.m. standard solutions of the metal chloride. In the
case of Fe'@ solution these were initially prepared as the ferrous
salt solution, however at low concentrations these would oxidize
to ferric ions., Solutions of TAL were prepared by the addition of
T.L from a calibrated microsyringe (10/41).

4£11-solutions were stored in glass conical {lasks with glass
stoppers. TAL solutions were vigorously shaken by hand for
10 minutes immediately after the addition of the TAL, daily, and
immediately before analysis.

Sanples exposed to light were placed on an east facing window

ledge and exposed to natural daylight.
4.2. ARALYSIS

4.2.1. TAL

Following the shaking of the sample, 50 ml of solution was
transferred to a separating funnel (100 ml) benzene(50 ml) was
added and the solution shaken for 5 minutes. The layers were
allowed to separate, the benzene layer was analysed for TAL content
by G.L.C. while the agueous was analysed for organclead salt

content.
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4.2.2. CRGANOLEAD SALTS
The trialkyl and dialkyl lead concentrations were determined

by the F.A.R. method using 5 ml samples.

4.2.3., IRON INTSRFERENCE

The interference of iron was eliminated by the following
method:

To the sample (50 ml), P'D(ICGB) 5 (1 g) was added and shaken
until dissolved. Aqueous IalH solution (5II) was added dropwise
until p 8 was attained. TFiltration throughk a Whatman lio 1
filter paper removed the precipitate, and the aqueous was analysed

for tri- and dialkyl lead by the P.A.R. method.
4.5. REMOVAL OF TEL FROX GLASS

Following the suggestion that TEL was being adsorbed by glass
surfaces, TEL was removed from the glass by the following method:

The flask was extracted with benzene (100 ml) for 1 hour,
after which time the TEL content was determined by G.L.C.. The
process was repeated with fresh benzene until TEL was no longer

being extracted from the glass walls.
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5. EXPERIMENTAL WORK RELATING TO CHAPTER FIVE
5.1. GENERAL

Silica gel (100 - 200 mesh) was used throughout. The silica
was suspended on 50 ml of water before the addition of organclead
compounds. Organolead salts were added to the suspension by
suitable additions of & SOQngml-1 aqueous standard solution of
the salt. Dilute solutions of TEL and TML were prepared by adding
TAL (50pm1) to methanol (10 ml) using & calibrated syringe (1oq,c1).
FPor the addition of TAL to silica, 100,*1 of this dilute solution
was added using a 100/41 syringe (109/41 of the dilute solution is
equivalent to 0.5/&1 of TAL).

All suspensions were prepared in glass conical flasks (100 ml)
with glass stoppers, mixtures were stored in the dark prior to

analysis.
5.2. DETERMINATION OF ORGANOLEAD CONTENT

The suspension was transferred to & separating funnel and
benzene (50 ml) was added. The sample was shaken for 10 minutes
(TML) or overnight (TEL) to achieve maximum extraction of TAL.

The silica was run off into a glass column and the bengene was
analysed by G.L.C. for TAL content.

A column, 20mm dia. with a glass stop cock was used to extract
the silica. The silica was supported on a glass wool plug. The
aqueous solution used to suspend the silica was collected and
analysed to check total adsorption of the salts by the silica.

The silica was then extracted by slowly passing agueous acetic acid

1

solution (2% v/v) through the column at 15 ml min~ successive



fractions (50 ml) were collected and neutralised by the addition
of aquéous NaCE (5%). The a kyl lead content was then determined
by the P.A.R. method using 5 ml samples. Fractions were collected
wntil no alkyl lead was determined in the eluant, usually 20C ml
was sufficient.

Initial experiuents involving Pb(EIOB)2 solutions as eluant
meant that samples were deleaded before analysis by the P.a.R.

method. The method used was described above in 4.2.3.



6. ZXPERTENTAL WORK RELATIIG TO CHAPTER SIX
€.1. EXTRACTION OF ALKYL LEAD SULPEIDES EY BENZEY

Prepare 5 x 10”71 aqueous solutions of Ie,FbC1, Bt;FoCl,
-
Et2Pb012, Et3PbCI,and KaES from the corresponding pure solid and

water.

6.1.1. TRIALKYL SALTS

iqueous R;PbC1 (5 x 107M) (2 ml) and aqueous Ja,5 (5 x 107K)
(1 ml), were added to & separating funnel containing water (97 ml)
followed by benzene (50 ml). The mixture was shaken for 5 minutes.
The aqueous layer was analysed for tri- and dialkyl lead compounds
by tke P.A.R. method using 5 wml sample volumes.

The above experiment was repeated using 96 ml of water and

2 ml of KaZS solution instead of 97 ml and 1 ml respectively.

6.1.2. DIALLYL LEAD SALTS

Aqueous R,FbC1, (5 x 107) (2 ml) and aqueous Na S (5 x 10™F)
(2 ml) were added to a separating funnel (250 ml) containing water
(96 ml), benzene (50 ml) was then added and the mixture extracted
for 5 minutes. The agueous layer was analysed for di- and trialkyl
lead content by the P.A.R. method using 5 ml sample volumes.

The above experiment was repeated using water (94 ml) and

Ta,S (4 ml) instead of water (96 ml) and Ka S (2 m).

6.1.3. RESULTS
Where equimolar concentrationsof lead Me,PbCl,, Me3Pb01 !

Et.PbCl and Et.PbCl, were mixed with sulphide ioms, only 80%,

) 2 2
75%, 85% and 3% extraction of the alkyl lead sulphide was achieved,
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however with excess sulphide all salts were totally extracted.

Oele4. ACIDIFICATION

The above experiments (6.1.1. and 6.1.2.) were repeated except
the solutions were acidified by the addition of agueous nitric
acid solution (10% Y/v) (1 ml) prior to extraction by benzene.

In all cases no alkyl lead salt was extracted by the benzene.

6.2, MNETEOD OF ANALYSIS USED WHEI SULPEIDE ICHIS ARE PRESENT

When sulphide ions were present in agueous solution the
following method was used when analysing for organolead compounds:

The sample was acidified with sufficient agueous nitric acid
solution (10 ¥/v) such that the final concentration of acid was
0.1% v/v, this prevented the extraction of organclead sulphides
by benzene but did not influence the F.A.K. method of analysis.

TAL compounds were extracted from the agueous solution,
after acidification, using egual volumes of benzene and shaking
for 5 minutes. The layers were allowed to separate and the T4l
content of benzene was determined by G.L.C.

The agueous was analysed by the P.i.kK. method using 5 ml

samples.
6.3. INITIAL STUDIES ON REACTIONS BEIWEEN B3Pb+ alD 32-

6.3.1. GERERAL

All reactions were carried out in glass conical flasks (250 ml)
sealed with rubber subaseals. The atmosphere above the reaction
was analysed by G.L.C. withdrawing 100’#1 samples through the

subaseal using a syringe (109/*&). Because we were analysing the
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vapour of a volatile liquid only a qualitative analysis could be
performed with regard to the concentration of TAL in the flask.

The conditions used were those normally used for Til analysis. The
dialkyl sulphides were identified by comparison with authentic

samples.

6.3.2. REACTION BETWELR Etst+ aD SULPEIDE IONS, AID KeBPb+ AID
SULPEIDE IONS
Et;PoCl (0.015 g) was dissolved in water (100 ml) in a conical
flask (250 ml) to which Ne,S.7E,0 (0.011 g) was added and the flask
was sealed with a subaseal. The mixture was then stored in the dark.
The atmosphere was analysed after 24 hours as detailed above 6.3.1.
This experiment was repeated replacing Et3Pb31 with Me_ PbCl

>
(0.013 g).

6.5.3. REACTION BETWEEN A KIXTURE OF Keij01 AXD EtBPb01 AD
ADDED SULPHIDE IOKS

To water (100 ml) contained in a conical flask, 2 ml of an
aqueous solution of Lt;FbCl (5 x 107°K) and 2 nl of an agueous
solution of EeBPbCZ (5 x 10'3K) were added with shaking. 4in
agueous solution of RaES (5 x 10—3K) (4 ml) was then added and the
flask was sealed with & subaseal, shaken and stored in the dark.
analysis affer 24 hours was carried out by the method detailed
above 6.3.1.

In all cases blanks of the organolead solutions were prepared

without added sulphides and analysed by a similar procedure.
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