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ABSTRACT

Covalent hydride-forming elements were investigated to explore
their potential use in chemical classification of iron meteorites.

Only As, Ge and Pb were detectable in these samples.

A simple and inexpensive compined hydride generation atomic
absorption spectrometric method (HGAAS) was developed and was the
first to be applied to guantification of these elements in iron
meteorites. Variable studies were: flame type, generation reaction
conditions, interferences, and atomization. A convenient nitrogen-
nydrogen-air entrained flame was used to determine germanium in

meteorites.

The determination of germanium in 22 iron meteorites using the
above method gave data in goocd agreement with those obtained by
J.T wasson et al who used radiochemical neutron activation analysis
(RNAA). From practical applications of my method, it was clear that
the technigue afforded a reliable, inexpensive, and sensitive method

for me guantification of germanium in iron meteorites.

vVarious methods of sample attack were tried and included acid
attack in an open container, under a reflux, or with a Teflon bomb,
and fusion with sodium peroxide. The optimum method was acid attack
under reflux or with a Teflon bomb. Nitric acid was more suitable

than other acids.

The method has applied to various samples which resulted 1in:
identification of a bogus meteorite(HANAU), classification of a newly
discovered meteorite(TASSAJARA), and confirmation that the Antarctic
"ONNUM VALLEY" iron was in fact part of the previously known DERRICK
PEAKS shower.
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CHAPTER ONE
GENERAL INTRODUCTION

I.1 Hydride Generation

Covalent hydride generation as an analytical technique has been used
ever since the last century [1], but was limited only to arsenic at
that time. With the development of advanced instrumental technology,
hydride generation has been used for the determination of the trace
elements that form volatile hydrides, particularly antimony, arsenic,
bismuth, germanium, lead, selenium, tellurium and tin [2]. This
technique is now being rapidly developed and widely used in many
scientifical research fields.

A very common procedure is to link hydride generation with an
instrument such as an atomic absorption spectrometer for quantification
of these hydrides. Hydride generation can also be combined with other
kinds of instrumentation, e.g., inductively coupled plasma-emission
spectrometry (ICPES), atomic fluorescence spectrometry (AFS), mass
spectrometry (MS), etc..

Generation of hydrides is usually carried out in three steps:

(i) The sample solution is placed in a reaction vessel in a suitable
acidic medium.

(ii) The reducing agent is added for generating hydrides that are
collected in a U-tube submerged in a liquid air or a liquid nitrogen

trap.



(iii) The U-tube is transferred to a water bath from the liquid air
trap for releasing hydrides, which are aspirated into the flame by a
carrier gas (nitrogen or argon). Sometimes, hydrides can be passed

directly into a flame without use of the trap [3].

I.1.1 A Review of Hydride Generation

Arsenic is extremely toxic and is also an indicator of precious
metals, even at low concentrations because of its association with gold
in ores. The use of flame atomic absorption spectrometry for the
determination of arsenic results in poor sensitivity so that it is
difficult to determine low concentrations of this element. Ever since
the hydride generation technique was first applied to the determination
of arsenic, a great improvement in detection limits has been obtained
so that it is a very convenient technique for quantification of this
element.

With the development of an argon-hydrogen-air entrained flame
(usually called the argon-hydrogen flame) in atomic absorption
spectrometry, a much improved signal to noise ratio was obiained in the
1960’s. This flame system has a remarkable advantage in sensitivity
compared with the air-acetylene flame system, using the 197.3 nm
arsenic resonance line.

Despite the above problems, several interferences arise from other
organic substances, incomplete salt dissociation, and molecular
absorption, particularly at lower concentration of samples. In order
to overcome this problem, modifications of the Gutzeit method,

utilising the generation of arsine, have been applied to atomic



absorption spectrometry as follows: covalent hydrides, such as arsine
vere collected in a liquid nitrogen trap, which was then warmed, and
the evolved arsine was swept into the flame with a stream of a carrier
gas (such as argon). By removing the arsenic from the sample matrix,
interferences in the flame are minimised [4].

Other improvements, include the work of Madsen [5] who collected the
arsine in dilute silver nitrate solution and aspirated the resulting
solution directly into an argon-hydrogen flame of the type described by
Kahn and Schallis [6]. A spectrophotometric method, which involves the
reaction of arsine with silver diethyldithiocarbamate to form a
complex, has also been proposed for the determination of arsenic.
Hundley and Underwood [7] applied this method to determine arsenic in a
vide variety of food products, but spectrophotometric methods have the
disadvantage of requiring large amounts of sample in order to obtain
sufficient sensitivity.

At the beginning of the 1970’s, Dalton and Malanoski [3] were the
first to report the direct aspiration of arsenic into a flame without
the collecting trap. A limit of detection of 0.1 ug of arsenic was
obtained by this technique.

For increasing sensitivity, improvements to the generatiﬁn apparatus
wvere made. Fernandez and Manning [8] collected the arsine in a balloon
reservoir before introducing it into a flame. This procedure can also
be used for the determination of selenium as the hydride selene (SeH),).
The detection limit is down to 0.02 pg of arsenic with the balloon
method. The first commercially available attachment for atomic
absorption spectrometry was designed by Manning [9]. With this
apparatus, a total reaction time 4 - 5 minutes is usual when using a

tin (II) chloride-hydrochloric acid-potassium iodide-zinc reagent.



Manning also suggested that the technique might be applied to the
generation of the gaseous hydrides of antimony and bismuth.

Pollock and West [10] successfully generated stibine (SbH3) using
titanium (III) chloride-hydrochloric acid-magnesium.

Several new methods were developed to detect arsenic with greater
sensitivity. A nev type of atomization apparatus involved an
electrically-heated tube first reported by Chu et al [11] in 1972. 1In
this procedure arsine was generated and swept into a heated tube with a
flow of argon. A limit of detection of about 5 ng was obtained for
arsenic, but needed a long reaction time. In 1974, Thompson and
Thomerson [12] reported a flame-heated silica tube detection device for
the determination of arsenic and lead. The method obtained a good
sensitivity.

For the sake of completeness, several non-atomic absorption detectors
are worth mentioning. Belcher et al [13] have described molecular
emission cavity analysis (MECA), and subsequently how to eliminate
interferences [14], for the determination of arsenic and antimony.
Tsujii and Kuga [15] reported a non-dispersive system in atomic
fluorescence spectrometry (AFS), employing a solar-blind
photomultiplier, for the determination of arsenic. They aiso described
a modification of the apparatus used for the determination of arsenic
and antimony [16]. Thompson and Thomerson [12] employed a modification
of the reaction cell and used sodium tetrahydroborate(III) to liberate
hydrides. Kobayashi et al [17] used this technique to determine
bismuth and obtained a detection of limit of 5 pg/ml or 0.1 ng.
Additional work was carried out on this method by other workers such as
Nakahara et al [18] who reported a method for determining antimony and

lead in waste waters, Thompson [19] used this method to determine



antimony, arsenic, selenium and tellurium with a little improvement.
Vith the development of inductively coupled plasma emission
spectrometry (ICPES), this was coupled with hydride generation as
reported by Thompson et al [20,21]. 1In these studies, many of the
operating parameters were very critical and many interference effects
were encounted.

In the 1980's, flow injection analysis was widely applied to a
variety of analytical techniques, including hydride generation. This
development in automated hydride generation has resulted in the
achievement of better systems with regard to precision, sample
throughput, and simplicity of operation. Astr8m [22] used this
technique to determine bismuth in a highly-automated operation that
also reduced the interferences from other elements. This technique has
now been incorporated into new commercial instruments which allow for

automation.

I.1.2 Development of Reduction Methods for Hydride Generation

In the nineteenth century when the remarkable hydride reaction (the
Marsh reaction) was developed [1], use was made of zinc metal and
dilute hydrochloric or sulphuric acid to reduce the arsenic. The
reaction was as follows:

+ 2+ -
B THP e » Zn + 2H®+ 2H,0

3= + -
AsO 3+ 6H30 + 3H ————- > ASH3+ 9}!20



However, the method could be used for a single determination only,
and the time taken for the completion of the reaction was as long as 10
minutes. It is therefore necessary to store the evolved gas in some
form of reservoir.

The key to the problem was to choose an appropriate acidic reaction
medium. A mixture of dilute hydrochloric acid, 40% (w/v) potassium
iodide solution, 40% (w/v) tin (II) chloride solution and granular zinc
metal has been reported as a means of generating arsine by Dalton [3]
and Fernandez [8]. This appears to give a faster reaction time, but a
collection vessel, or a carrier gas, was found to be necessary. The
system could also be used for the determination of selenium. Pollock
et al [10] found that the system was not suitable for more elements,
and used a more satisfactory reduction system, a magnesium-hydrochloric
acid-titanium(III) chloride medium, to determine successfully not only
arsenic and selenium, but also antimony, bismuth and tellurium.

The discovery of a new reducing agent, sodium tetrahydroborate (III),
was a landmark in the development of the hydride generation method.
Schmit and Royer [23] were the first to successfully use it for the
generation of the hydrides of arsenic, antimony, bismuth, germanium,
selenium, tellurium and tin, and subsequently lead [24]. The reaction
time was dramatically shortened down to 30 seconds for bismuth and
tellurium, and 2 - 3 minutes for arsenic, antimony, germanium, selenium
and tin.

Sodium tetrahydroborate(III) (sometimes called sodium borohydride)
generates hydrides. For example, the reaction with arsenic yields

arsine. The reaction is as follows:

BHg+ 3H0 + H40 —----» HyBOz+ 8H'+ Hy0



3- +
AsO3+ 6Hz0 + 3H ———-- + AsH3+ 9H,0

This reducing agent offers several advantages over both the zinc-tin
(II) chloride and magnesium-titanium (III) chloride procedures. In the
earlier work, sodium tetrahydroborate (III) was used only in powder
form, but the use of 0.25 g pellets later became established. Later
the reagent was used as a solution.

A mixture of different reducing agents was used by Goulden and
Brooksbank [25]. They used a solid metal powder as one of reducing
agents with others {tin (II) chloride, potassium iodide and aluminium
powder}. A heated packed stripping column was used to strip the
selenium hydride generated from the reduced specimen, so that atoms,
and not molecules, would enter the optical path.

A further method, but one which has not gained wide usage, is the
zinc column to which an acidic solution of the analyte is added
[26,27]. The method is applicable only to the generation of arsine and
stibine.

In recent years, no better reductant than sodium
tetrahydroborate(III) has been found and it continues to piay an
important role in hydride generation. However, it still has some
shortcomings. For example, background absorption, especially when lead

and tin are determined.

I.1.3 Applications

The analytical technique of hydride generation coupled with atomic



absorption spectrometry has been used in environmental studies to
determine toxic elements such as arsenic and selenium. Waters and
effluents have often been analysed because the samples are already in a
liquid form and matrix interferences are not usually severe. Such
samples, including heavily-poliuted water, drinking watere, raw sewvage,
etc., have been analysed for arsenic and selenium [12,23], antimony and
lead [18].

Toxic metals in foodstuffs have also been determined by hydride
generation procedures. Many liquid food samples can be analysed
directly; as for example, wine, water-soluble sugar, coffee and some
organic food colourings. For solid food samples, special digestion
procedures are needed for the separation of organic meterials that
interfere with the detection [19,23,28-30].

Some hydride-forming elements in steel or alloy can indicate the
quality of the products. The use of a hydride generation method to
determine those elements in iron and steel products has been achieved
and developed for quality control [31-33].

Hydride generation methods can be used for the determination of
normal or abnormal concentrations of elemental constituents of body
tissues, and are very important in clinic diagnoses and studies. Most
samples come from hair, blood, milk, tissue, fat and urine [34-37],
vhich are digested by a mixture of nitric and perchloric acids for the
decomposition of organic meterials to avoid interferences. The
resultant solution can be analysed for arsenic, bismuth, selenium and
other elements.

Trace elements in geological and mineralogical samples can aid in
identification of types of rocks or minerals. These samples are

complex chemically, and dissolution methods are often tedious and



time-consuming. Arsenic can be used to indicate the presence of some
precious metals in rocks and minerals. Several methods for the
determination of arsenic have been proposed. Some methods suffer from
several interferences. Hydride generation methods are favoured by most
vorkers. Other hydride-forming elements such as antimony, bismuth,
germanium, lead, tellurium and tin have been determined in rocks and
minerals [38-41].

There are other applications in some fields such as analysis of
agricultural products for arsenic and selenium because of the
widespread occurrence of these elements in minerals and pesticides.

Other materials include petroleum products, tobacc, etc..

I.2 Iron Meteorites and Their Classifications

Because of their physical composition, iron meteorites usually
survive the intense heat and friction when entering the Earth’s
atmosphere much better than stony meteorites. Iron meteorites are also
easier to find because they can more readily be distinguished from
ordinary rocks and can be located using a metal detector. As a result,
although they only account for 7% of all meteorite falls, they are
over-represented in most museum collections, and people are more
familiar with them than they are with the other types of meteorite.

Iron meteorites are identified mainly in two ways. first, they
usually display a smooth, black or oxidized surface often marked by
pits called " thumbprints ". These thumbprints are caused when some of
the meteorite ablates during atmospheric entry.

The second way to positively identify an iron meteorite is to slice,
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polish and etch it with a weak solution of nitric acid. This procedure
will reveal a unique criss-cross pattern called the Widmanstatten
Pattern, named after its discoverer. This pattern is unique to
meteorites and is not found in any terrestial rocks. It is caused by
the slow cooling of metals with different nickel contents and is
actually the result of the growth of crystals composed of two different
iron-nickel alloys, taenite and kamacite.

Iron meteorites were originally classified by their Widmanstatten
structure. The first class of iron meteorites are the octahedrites.
They contain about 6-13% nickel and are the most common iron
meteorites. Octahedrites are further classified into 3 main groups:
coarse, medium and fine, which describe the width of the bands in the
crystalline pattern. The coarser the pattern, the greater the amount
of iron. The finer the pattern, the higher the nickel content.

The second class, hexahedrites, is made up of less than 6% nickel and
contains kamacite but not taenite. When polished, a hexahedrite
displays no surface features, but reveals "Neumann Lines" that are
caused by impact shocks.

The third class, ataxites, are the finest of the iron meteorites.
They have a very high nickel content and contain taenite. ‘Their
Vidmanstdtten pattern can only be seen under a microscope.

Sometimes iron meteorites contain silicate inclusions which give the
meteorite a very different and beautiful appearance. Silicated irons
are much rarer than even the stony-iron pallasites.

Numerous schemes for classification of iron meteorites have proposed
since Partsch [42] and Shepard [43] presented the first serious
attempts, at that time on the basis of only about 65 stones and 25

irons. Then Rose [44] improved this system, which has continued to be
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revised and improved by Tschermak [453], Brezina [46], Piror [47],
Yavnel [48] and Mason [49]. There are, other basically different
classifications which have gained wide support in some countries in
Europe and Latin-America.

Many modern classifications, e.g., by Lovering et al [49], have
tended to reduce the number of classes of iron meteorite. More
advanced schemes of classification have proposed by Buchwald and Munck
[51], Yanel [52], Wasson [53] and Goldstein [54]. Some classifications
are based on structure and others on chemistry. The two approaches
support and agree with each other very well, particularly if, in

addition to the macrostructure, the microstructure is also considered.

I.2.1 Iron Meteorites

Meteorites are assigned to three major categories on the basis of
their contents of metallic nickel-iron and silicates:

(i) Irons (siderites), consist principally of metal;

(ii) Stones (chondrites), consist of silicates with less pure metal
than irons;

(iii) Stony iron (pallasites), contain abundant metal and silicates.

Iron meteorites are subdivided into hexahedrites, octahedrites,
ataxites, and anomalous categories.

Most iron meteorites show a characteristic texture and are composed
principally of a nickel/iron alloy. Although they comprise only 7% of
all meteorites, irons are so easily distingushed from terrestrial rocks
that they make up more than 40% of finds.

The mineralogy of iron meteorites is much simpler than of other
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meteorites. Elements other than those that form kamacite and taenite
are minor in most iron meteorites, but sulfur and phosphorus are
abundantly present in most irons. The former occurs locally in large
nodules. The latter takes various forms according to the history of
the meteorite.

Other minor minerals are distributed less regularly. The most common

of these are listed in Table 1.1.

Table 1.1 Minerals coaumwonly formed in iron meteorites

MINERAL COMPOSITION
Kamacite d- Fe, Ni
Taenite Y- Fe, Ni
Troilite Fes
Daubreelite(d) FeCr254
Sphalerite(s) ZnS

) - "
Schreibersite (Fe, 1\1)23C4
Cohenite(c) Fe3C
Haxonite(h) (Fe, h1)23C6
Chromite(ch) FeCr204
Graphite(g) €
Carlsbergite(n) - CrN
Phosphates(p) =

I.2.2 The Method of Classification of Iron Meteorites

Lovering et al [50] proposed one of many modern classifications,
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which have tended to reduce the number of classes of iron meteorite.
This trend is an oversimplification, only justified as long as
insufficient information concerning the individual meteorites is
available. The iron meteorites may be subdivided according to their

primary structure as shown in Table 1.2.

Table 1.2 Structural classification of iron meteorites

SZ;R?-EASCS.‘TISJRAL SYMEOL m\Dgégg‘E;Agg I({r?::_?c ITE
Hexahedrite H
Cctanedrite
Coarsest Cgg 3.3
Coarse Cg L3 = 3.3
Medium Cm 0.5 = 1.3
Fine Cf 0:2 - 0:5
Finest Off <0.2 continuous
Plessitic Opl €0.2 spindles
Ataxites D
Anomalous* Anom various

* After Buchwald (57), meteorites that fit one of these

types and designated ancmalous.

Since the 1960’s, numerous analytical data of trace elements in iron
meteorites have been obtained by many workers [51 - 54]. Two entirely
different approaches for the classification of iron meteorites have

been proposed. One has been mentioned above and is based on the
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examination of the macrostructure of an etched section under a hand
lens. The other is based on accurate chemical analysis of the major
element, nickel, plus trace elements such as gallium, germanium and
iridium. Both approaches support and have very good agreement with
each other.

The agreement of structural and chemical classes is shown in Table

1 g 2
Table 1.3 Comparison between the structural and chemical
classification of iron meteorites
STRUCTURAL CHEMICAL STRUCTURAL CHEMICAL

H ' 1IA of 1va, IIIC
0gg I1B off I1ID
Og T, IIIE Opl Tie
Om IIIA,IIIB,I1ID D 1VB

Chemical classification is largely based on the contents_ of nickel,
gallium, germanium and iridium, which are highly diagnostic of the 12
genetic classes of iron meteorites as shown in Table 1.4.

Wasson et al [55] chose gallium and germanium to plot against nickel
on logarithmic scales. The groups are clear resolved. All members of
the same group fall, within the limits of sampling and analytical
error, on a straight line. Some of the plots are shown in Figi 1.1 =

1.3, all of those have been discussed in great detail by Scott [56].



Table 1.4 Chemical classification of iron meteorites (99)

_— Ni Ga Ge Ir Ge/Ni
(w3) (ppm) (ppm) (ppm)

Ia 6.4-8.5 55-100 190-520 0..6=5. 50, neg
IB 8.7-25 11-55 .25-190 0.3-2.0 neg
I1IA 5.3=-5.7 57-62 170-185 2-60 pos?
IIB 5.7-6.4 46-59 107-183 0.01-0.5 neg
I1C 9.3-11.5 37-39 88-114 4-11 pos
IID 95.:8=X1.3 70-83 8§2-98 3.5-18 pos
IIE T1:5=9.7 21-28 6G-75 1-8 abs
MES 6.1=10.1 8.9-16 37-56 2,2-6.2 abs
PAL T =129 14-27 29-71 0.01-2 neg?
IIIA 7.1-9.3 17-23 32-47 0.17-18 pos
ITIB 8.4-10.5 1&~21 27-46 0.:01=0.17 neg
ITIC 10-13 11-27 8-70 0. 07=0.55 ans
IILD : 16-23 L:5=5:2 1.4-4.0 0.02-0.07 neg
IIIE 8.2-9.0 17-19 34-37 0.05-6 abs
IIIF 6.8-7.8 6037 o2 o I o 1.3-7.9 abs
Iva 7.4-9.4 1.6-2.4 0.09-0.14 0.4-4 pos
IVB l6-26 0.17-0.27 0.03-0.07 13-38 pos

I.3 Aim of Present Work

Both the structural and the chemical classification of iron

meteorites have deficiencies for specimens that lie near boundaries
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between ‘two or more classes. Usually identification of an iron
meteorite needs the determination of many elements in addition to the
structural observation. No individual elemental parameter can clearly
indicate each class in the chemical classification of iron meteorites.
For example, Wasson and his co-workers were able to assign most of
about 500 iron meteorites to 12 well-defined classes on the basis of
their contents of nickel, gallium, germanium and iridium, but 73
meteorites that they analysed were anomalous using this system. It is
likely that still other chemical groups, possibly more than 50 [58],
exist. Therefore, finding a simpler and more accurate classification
method by perfecting chemical classification is a useful project.

Some useful work has been done by workers such as Scott [56] who
shoved that other trace elements vary systematically among the classes,
as do cooling rates and shock intensities [89]. These correlations
support the chemical classification and indicate that its divisions
have genetic significance. Other workers are attempting to search and
establish a new chemical classification in order to supplement the
12-15 genetic classes that have been established.

Clearer definition of the smaller classes of iron meteérites and
the identification of new classes will require more thorough sampling
and more extensive trace-element studies, particularly in obtaining
correct analytical data from iron meteorites. In our programme which
seeks a new chemical classification, it was necessary to investigate
other trace elements and their distributions.

This thesis has two main aims: Firstly, to investigate new elements
for classification of iron meteorites, and secondly, to develop and

improve analytical techniques for obtaining accurate abundance data,



18

which do not involve expensive radiochemical neutron activation
analysis (RNAA) or other methods that have hitherto been used for

analysis of iron meteorites.



CHAPTER TWO

STUDIES ON HYDRIDES OF VARIOUS ELEMENTS
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CHAPTER TWO

STUDIES ON HYDRIDES OF VARIOUS ELEMENTS

II.1 Introduction

The elements that form covalent hydrides are in the C, N and O groups
in the periodic table, where the number of valence electrons is equal
to, or greater than, the number of orbitals. These elements are
arsenic, aluminium, antimony, boron, bismuth, germanium, phosphorous,
lead, selenium, silicon, tellurium, tin and titanium. Of these
elements, only 8 can be determined by hydride generation procedures.
These are: arsenic, bismuth, germanium, lead, antimony, selenium, tin
and tellurium. The positions of these thirteen elements in the
Periodic Table are shown in Table 2.1.

The principle of hydride generation is to use a reduction reaction to
form hydrides in the appropriate acidic medium. The modern technique
is to combine hydride generation with an instrument that pfovide a low
limit of detection, such as atomic absorption spectrometry.

Numerous studies have been carried out on hydride generation methods,

but the results show that it is far from perfect. There are several

shortcomings that need improving.
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Table 2.1 The positions of hydride-forming elements
in the Periodic Table

la [ 2a|3b [4b SbISDJn 8 1b| 2b| 3b | 4a | 5a)6a [72a | 0
H He
Li | Be BYC [N] O F |Ne
Na | Mg Al Sf P S Cl|Ar
X lcal se T1‘ Y | Cr|Mn|Fe| Co| Ni|Cu| Zn]| Ga|Ge| As| Se| Brl|«kr
Rb|Sr Y (Zr|{ No| Mo| Tc|Ru|Rh| Pd| Ag| Cd| In|Sn]Sb] Te] I |xe
Cs|{BafLa|Hf|{Ta| W |Re| Os| Ir| Pt]| Au| Hg| T1|PbYBi] Po] At}Rrn
Er 1 Ra | AC Rf Ha

means can form hydrides. '-' means can be analysed.

I1.2 Instrumentation

II.2.1 Apparatus

An éll—glass apparatus was employed for the generation of hydrides.
The basic design is shown in Fig. 2.1 and is based on the work of
Liddle et al [59]. The reaction is carried out in a 250 ml pear-shaped
Quickfit separating funnel with a number of additional inlets including
one fitted with a glass stopper for the introduction of the sample and
the reaction acidic medium, and another fitted with a rubber septum
vith a repeating syringe for the injection of sodium
tetrahydroborate(III) solution into the reaction vessel. A main inlet

vas used to fit a Quickfit bubbling tube (MF 28/2) for introduction of

carrier gas.
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Connecting tubes (PVC internal diameter 6.5 mm) were used between the
atomic absorption spectrometer and the reaction vessel in which there
was a three-way tap. This tap enabled the passage of the carrier gas
to be controlled in order to pass through the reaction vessel or to
bypass it. All tubes were kept as short as possible to reduce hydride

absorption on the surface of the tubes.

II.2.2 Collecting Unit

Usually, a device is needed to collect hydrides in a liquid air or
liquid nitrogen trap to ensure reproducible results and high signals.
Many types of collecting device have been designed. A U-tube
constructed of pyrex glass (internal diameter 6.5 mm) was used
throughout this work. Hydrides were collected in the U-tube which was
immersed in the liquid air trap (-190°). The tube was then placed in

a wvater bath to provide a uniform temperature for release of the

hydrides.

I1.2.3 Instrument

All measurements were obtained by using a Varian Techtron AA-5 Atomic
Absorption Spectrophotometer, and a Type SS 250 Sekonic Recorder used
in the 10-mV range for record signal peaks. Instrumental parameters
for each element are reported in Table 2.2.

The signal peak is usually symmetrical, so all calculations of the
results were made according to peak heights. It is important to warm

up the instrument for at least 30 minutes before operation. The
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tellurium hollow-cathode lamp needed to be warmed at least 2 hours in
order to obtain a stable peak value.
A pH meter (Orion Research Ionanalyser) was used for the measurement

of pH values in the solutions.

IT.2.4 Standards and Reagents

Specpure reagents were used to make standard stock solutions
containing 1000 ug/ml of the following:

arsenic (III)

arsenic (VI)

bismuth (III)

germanium (IV)

lead (III)

antimony (III)

selenium (IV)

selenium (VI)

tin (II)

tellurium (IV)

tellurium (VI)

Sodium tetrahydroborate(III) solution (3% w/v) was prepared daily and
made alkaline with potassium hydroxide (1% w/v).

Trisodium citrate solution (1M) was made by dissolving the salt in
distilled water.

All acids were analytical grade unless otherwise specified. Nitric

acid was redistilled for eliminating impurities. The following other
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Table 2.2 Instrumental parameters

element light source slit width wavelength current

(um) (nm) (ma)
As H.C.L. 120 1973 6
Bi H.Ca:L. 100 223.0 5
Ge H.C.L. 100 265.2 6
Pb H:Culin 100 217:0 S °
Sb HeCaLin 100 217.6 6
Se B.Colis 100 196.0 8
Sn H.C.L. 200 286.3 6

(224.6)*

Te - ] 1 100 214.3 5

H.C.L.: Hollow Cathode Lamp. *: It was used sometimes.
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reagents were used in the course of the research:
ammonium persulphate: 1 M solution
ammonium pyrollidine dithiocarbamate (APDC)
ascorbic acid: 1 M solution
cerium(IV) sulphate: 1 M solution
hydrogen peroxide: 10% (v/v) solution
malic acid: 1 M solution
methylisobutyl ketone (MIBK): technical grade
1,10-phenanthroline: 5% (w/v) alcohol solution
2 Na-EDTA: 1 M solution
potassium dichromate: 1 M solution
potassium hydroxide: 1 M solution
potassium iodide: 1 M solution
potassium permanganate: 1 M solution
tartaric acid: 1 M solution

trisodium citrate: 1 M solution

IT.3 Atomisation Conditions

IT.3.1 The Type of Flame .

An air-acetylene flame, a very common and useful flame in AAS, was
also used for hydride generation in the early stage of the development
of the technique. The poor sensitivity forced a search for a better
flame. This was achieved by use of the argon-hydrogen-air entrained

flame (usually called the argon-hydrogen flame) which was used for the
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majority of the work. Owing to the expense of argon, it was necessary
to use a type of flame that was simple, economical and which provided
sensitive analyses.

Three types of flame were used in the course of the experiments. The
air-acetylene flame gave very poor sensitivity . The nitrous
oxide-acetylene flame as recommeded by Halicz [60] and Pollock and West
[10] gave adequate sensitivity but was very unstable and had a tendency
to explode. However, the nitrogen-hydrogen flame gave not only the
best sensitivity but also stability. This flame was used for all
future work. The relative sensitivities of the three types of flame

for germanium are shown in Fig. 2.2.

I1.3.2 The Effects of Different Burner Heights

For atomic absorption spectrometry, the height of the burner is an
important parameter to obtain a high degree of atomisation. In hydride
generation procedures, this height has a great influence on
sensitivity.

The effect of flame heights above the burner for eight eiements vas
tested. Each element needed a short distance between the surface of
the burner and the optical path axis, for some, the shorter the better.
From curves of absorbance against burner height, the range of high
sensitivities were very narrow (between 2 and 3 mm). Height adjustment
wvhen changing elements had to be done, otherwise poor sensitivity was
obtained. The relations between burner height and_absorbance are shown

in Fig. 2.3.
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I1.3.3 The Effect of Gaseous Flow Rates in the Flame

From the above experiments, the nitrogen-hydrogen flame gave the most
satisfactory results, but both of the gaseous flow rates also can
directly effect sensitivity because of the relation to the flame
temperature. Varying ratios of fuel and support gas were taken for
each element. Hydrogen gave the peak value at a range centring on 2 -
3 L/min. Nitrogen showed strange behaviour for the majority of the
elements, in which sensitivity increased with decreasing flow rate.
Nitrogen flow rates had a peak value for the determination of germanium
at about 4 L/min, but other optimum flow rates tended to be lower and
were chosen at 2 L/min. Some curves of gaseous flow rates are shown in

Fig: 2.4

I1.3.4 Carrier Gas Flow Rate

Nitrogen (dry N;,) was chosen as a carrier gas throughout this work.
Flow rates for the carrier gas and for the flame mixture wére critical
factors in determining the sensitivity of the method. Results of
varying the carrier gas rate are given in Fig. 2.5. From these cases,
the optimum flow rate of carrier gas for this instrument was around 1.0
-~ 2.0 L/min. Beyond this range there was poor sensitivity or nothing.
At higher gas flow rates, the stream of carrier gas affected the
condensation of hydrides in a liquid air trap, on the other hand, at
lower flow rates (as low as 0.25 L/min), the absorption peak was

broadened as a result of more extensive diffusion of the hydrides
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through the gas stream.

II.4 Experimental
IT.4.1 The Effect of Different Acids and Acidities

Acid as a reaction medium is essential to form hydrides with the
element. The concentration of acid direct effects the sensitivity in
this technique. Typical inorganic acids such as hydrochloric,
sulphuric and nitric acid have been used by many workers
[12,24,81,82,89,101] and even some organic acids were studied [61,62].
In the early stages, hydrochloric acid was widely used for the
generation of hydrides but the results showed no regular relation to
acidities and depended on instruments and apparatus. Different acids
wvere used in various papers. Liddle [78] used sulphuric acid for the
determination of arsenic, Vijan and Wood [63] used nitric acid for the
determination of tin, and Jin et al. [64] performed many studies of
the use of nitric acid with some oxidizing agents for the determination
of tin [64-66]. It was necessary to study the optimum aciﬁs and
aciditis for each element that suited my apparatus and instrument.

Standard inorganic acids were tested in my experiments, as well as
some organic acids such as acetic, malic and tartaric. The organic
acids gave poor sensitivities because these may have formed complexes
with the analyte. The resultes of studies on these acids for eight
elements are shown in Fig. 2.6.

Vhen compared among eight elements, hydrochloric acid is still a

suitable reaction medium in most cases as reported in other papers
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[12,24,67]. However, some difference appeared at least in my
instrument. Sulphuric acid was suitable for antimony, hydrochloric
acid was not suitable for selenium, and only nitric acid could be used
for lead. These anomalies all appeared among multi-valency elements.
For example, arsenic and antimony have trivalent and pentavalent
states, and selenium has divalent and tetravalent states. These can
form different hydrides of different valencies,

Arsenic, bismuth, germanium, antimony, selenium, lead and tin needed
0.1 - 2 M acid, but tellurium needed a strong acidity of up to 5 - 7 M.
From the curves of acidities, the highest sensitivity could be obtained
only over a narrow range of acidities (10.5 M). Hydride signals
decreas