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ii.

ABSTRACT

Atomic absorption spectroscopy is the study of the
absorption of radiation by atoms. As an analytical process, it
involves the conversion of compounds to atoms, and the absorption of
energy by these atoms. A flame burning in air is the conventional
means for converting the solution to be analysed into atomic vapour.
The number of free atoms produced in the flawme is reduced if chemical
bonds between the analyte and its matrix fail to break readily at the
flame temperature, i.e., chemical interference takes place under some

conditions.

Chemical interference is a common occurence in the determin-
ation of calcium, magnesium and strontium in low-temperature flames
(below about 3000 K). As a general rule, the anions most likely to
cause chemical interference are stable oxyanions. Studies have been
made in this work of the interference of fluoride, molybdate, phosphate,
sulphate and tungstate ions in the determination of the alkaline carth

elements, chromium, molybdenum and nickel, using an air-acetylene flame.

Only in the case of calcium and strontium determinations were
large interferences encountered. The magnitude of the interference

was greatest with tungstate and phosphate, and least with fluoride.

Interferences in the determination of gallium and indium,
which had not previously been studied in detail, were investigated.
Twenty-eight cations, ten anions, three complexing agents and four

acids were tested for potential interference. Several interferences
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were found (calcium, strontium, borate and phosphoric acid with gallium,
and iron (III), zinc, bromide and hydrochloric acid with indium), but
none of the effects was as marked as the interferences with alkaline

earths.

The inhibition by phosphate of the calcium signal is well
known in both flame emission and atomic absorption. The variation of
the magnitude of the interference with concentration of both calcium
and phosphate was studied, and conditions are indicated under which
phosphate might be determined quantitatively by means of the interference
effect. A similar study was made for the tungstate ion. (Sulphate and
molybdate at low concentrations do not interfere significantly with

calcium absorption in the air-acetylene flame.).

In attempts to identify and/or separate the species responsible
for chemical interference effects, the flame emission spectra were
recorded when solutions containing calcium and phosphoric acid and a
mixture of the two were aspirated into the flame. No new peaks or
bands could be found which might be ascribed to electronic transitions
of a new stable species containing both calcium and phosphate. However,
the peaks and bands arising from the calcium and phosphate mixture were
reduced in intensity. This indicates that the calcium is combined in
one or more molecular species containing the calcium and the phosphate.
Similar depression of emission peaks and bands was found with strontium

and phosphate mixtures.

Solid material, entrained in the flame gases when solutions
were aspirated, was collected from a region just above the top of the

flame, and infra-red and X-ray diffraction studies were made to



i¥.
identify the solid collected. ‘Where calcium-containing solutions were
aspirated, the solid products varied according to the nature and con-
centrations of various anions present in the solution. Calcium
carbonate was the sole identifiable product when nitrate ions were
present. The presence of both phosphate and chloride led to the form-
ation of both chlorapatite, 3 CaE(POh)E’ CaCl,, and - calcium
orthophosphate under some conditionsj; phosphate alone led to a solid
which may be secondary calcium orthophosphate, CaHPOu. Similar
compounds were found with strontium and magnesium, although these did
not correspond to any for which X-ray and infra-red data are recorded in

the literature.

The exact composition of the solid products of the flame
reactions therefore varies with the nature and concentration of the
anions, and is probably also sensitive to parameters such as the fuel-
air ratio in the flame, and to changes in the location of the point of

collection of the solids.
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I. INTRODUCTION AND REVIEW




CHAPTER I

I. 1. GENDRAL INTRODUCTION

Atomic absorption spectrometry is a spectrochemical process

in which an atom absorbs radiation of the same wavelength which it emits

when it is in a state of excitation. By measuring the absorption of
radiation in atomic vapour produced from a sample the concentration of
the element can be determined. The principles underlying atomic
absorption were established about 1860 by Kirchoff, who used atomic
absorption lines in the Fraunhofer spectrum to deduce the presence of
certain elements in the solar atomsphere. Together with Bunsen, he
demonstrated shortly afterwards that atomic spectra, both emission and
absorption, could be the basis of a useful method for qualitative

chemical analysis.

From that time onwards emission methods of spectrochemical
analysis have been widely developed and have culminated in direct
reading spectrographs which provide multielement analysis of high speed
and accuracy. However, atomic absorption was neglected as a possible
analytical approach. Analysis was confined to astrophysical work on
the determination of the composition of solar and stellar atmospheres,
and the estimation of the contamination of laboratory atmospheres by

mercury vapour.

In 1955, Walshq published his first paper on the application

of atomic absorption spectroscopy to chemical analysis, and outlined
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the instrumental technique which would produce optimum results. Alkemade
and Milaz2 designed an atomic absorption spectrophotometer at about the
same time. In 1958, Allan3 and Davidk reported the application of the
atomic absorption technique to the determination of magnesium and zinc
in agricultural materials and plants. This analytical technigue then
grew rapidly and in 1968 over 10,000 atomic absorption instruments were
in use throughout the world, and the literature on the subject had

accumulated to over 1,200 papers, notes and reviews.

I. 2. INSTRUMENTATION

Kahn5 has given an excellent review of instrumentation. 1In
its simplest form, the essential components of an atomic absorption
spectrophotometer are:

a) a primary source of radiation
b) a means of producing atomic wvapour
¢) a2 wavelength selector

d) a radiation detector and readout systen

Requirements for the light source arc that it should enit
radiation of the required wavelength at a constant intensity and with
a minimum of unwanted radiation. For volatile elements such es3
thallium, mercury and most of the alkali metals, the usual source is a
vapour discharge lamp, However, the most comronly used cource is a
hollow cathode lamp, and when it is powered by a stablised supply it

is often possible to maintain an emission stability of +0.5%.

The energy required to atomise the sample can theoretically
be supplied in a number of ways: plasma jet, electric discharge, and

burner. The conventional means of producing atomic vapour is to spray
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the sample solution into a flame. A nebuliser sprays the solution into
the gas stream of the flame and a spray chiamber allows the separation
of the coarsec and Iine droplets of solution and a thorough mixing of
the flame gases. The fine droplets pass with the gases into the flame
and usually bocome vapourised. Two types of burner have been used:

total consumption burners ~nd pre-mixed burncrs.

A wavelength selector basically should be able to separate the
required spectral line from all others and to keep any background
intensity to a minimum. Tor spectra containing little but the
resonance lines, e.g., the alkali spectra, a simple selector such as a
filter suffices. For most ultraviolet spectra and particularly for
compl.x spectra, the most useful selector is a monochromator which can
be set to pass any wavelength between ca. 1930 and 9000 3. Among
¢lements whose resonance lines are closcly surroundsd by other lines are
iron, nickel 2nd cobalt, and these reguire a monochroimator of about 2 2
resolution. Coupled with the need for a narrow band-pass is the ability
to detect low intensities. This necessitates the use of a photomulti-
plier with its stabilised power sunply and measuring system. Two types
of photomultipliers have been used: Bi -0O-Ag and Cs-5b types of
cathodes. A galvanometer is used in the readout system. A recorder or

a digital readout moy be used.

I. 3. ABSCRPYION OF RADIATION

When an atom is in the ground electronic state, it is capable
of absorbing radiation of characteristic discrete encrgies. 1In
practice, the absorption of radiation occurs over a very narrow

frequency interval, i.e., absorption is not confined to one exact



frequency, but there is instead, an absorption profile, the shape of
which is determinsd by several broadening paraumcters. Broadening of
spectral lines results from any factor which influences the energy of
the ground and excited states, whzn an electronic transition takes
place. Major causes of broadening of atomic spectral lines in hot
flame gases include:
i) Doppler broadening -- due to thermal agitation of the
absorbing and emiting atons;

ii) Collisional broadening -- energy levels are perturbed when
the atom is close to a foreign gas atom;

iii) The natural width of the spectral line -- due to the finite
lifetime of thc excited state;

iv) Stark and Zecuan broadening -- occurring in the presence of
external electric and magnetic fields
respectively.

Stark broadening may be important in arcs and sparks where the charge

density is high, but is unimportant in flames.

The natural width of atomic spectral lines (of the order of
10_4 R) may be neglected as compared to Doppler and collisional broad-
¢nings. For flame spectroscopy, for most lines in most flames at
temperatures of 1500 - 3000 K, the broadening effect of each of these
two factors is in the range 0.01 - 0.1 g, as measured at the point where
the peak height is half the maximum value. This is the so-called half-

width of the spectral line.

Absorption results in an electronic transition from an

electronic state 1to state u. The excited atom remains in the excited



state u for about 10_8 sec and then undergoes either non-radiational

deactivation (from collisions with flame gas molecules, e.g., CO, COZ'

Nz, 02, HBO' etc.) or radiaticnal deactivation called atomic fluorescence.
The intensity of the transmitted radiation, Iy, is related to

that of the incident radiation at fregquencyV , Ig, by
o

where,i is the path length and ky the atomic absorption coefficient,

: . -1 : ’ :
with unlts of em . The absorbance, or optical decnsity, is

1og T Y 204343 kyf.

The relationship between the atomic absorption coefficient,
ky, and the number of atoms available to absorb can be shown to be of
the form ky -f%l.ﬂ)\ #‘* Ng 2 £y, , av,, V)  where A is the wave-
length at the centre of absorption lineSu,ﬁﬁ are the degeneracies of
the upper and lower electronic states Ny 1is the number of atoms per
cm3 in the lower electronic state Br 1is the transition probability
in sec-1 and f({i,c,élvy,})) is a function of the collisional and
Doppler half-widths and of the frequency, which defines the shape of
the absorption profile. The way in which the total amount of light
absorbed depends on Ng is of particular interest. Two situations
arise: (i) with a source emitting continuous radiation in the wave-
length range of interest; (ii) with a source emitting a narrow line
of appropriate wavelength. Nost atomic abscorption analysis methods
utilise a narrow line source, especially hollow cathode lamps. In
this case, radiation is absorbed over an interval determined by ILVS,

the source half-width. The total absorption is g ky dy over the

frequency range of the source and can be shown to be proportional to
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Ng, where Ng is small, but when Nz is large the total absorption reaches

a limiting value and becomes independent of ilp.

It is worth cmphasising that all flame spectrometric methods
depend ultimately on Hg. In flame emssion Hu is related to Ng via a
Boltzmann expression
N, = Ng(gy/8x) exp (-E/KT). Jalsh1 has calcalated the ratio of N, Np

for the most populated states of several e¢lements as a function of

temperature. The data are shown in Table I.1.

T:‘lBLE I . 1 .

Relative Populations of Excited and Ground States at Several Temperatures

Resonance Line ‘ W /Ne

Q Gu/G1

(R) 2000 K 3000 K 4000 K

cs 8521 > kg0~ 7%10™° 3%10™2

5 i -

Na 5390 2 1%10™° 6x10”" 4x10"7

]

ca L4227 3 1x10™7 4x10™° 6x10°"

=15 o =

Zn 2139 3 7510”2 6x10" 0 1x1077

It is apparent that the fraction of the total available atoms
which exist in the excited state becomes appreciable only for atoms
with low ionisation potentials and at high temperatures. tlost elcments
have their strongest resonance lines at wavelengths below 6000 ﬁ, and
since atomic absorption measurements are made at flame temperatures
below 3500 K, the number of atoms in the ground state can generally be
assumed to be equal to the total number of atoms, i.c., N¢g = N. Since

changes in temperature produce an exponential change in the number of



atoms in the excited state while having an insignificant effect on the
number of atoms in the ground state, it follows that emission methods
are very sensitive to changes in temperature, while absorptiocn methods

are relatively independent of such changes.

I. 4. ATOMIC VArOUx ERODUCTION

Several methods of vapourising solid samples directly have

?

been suggested. These include the sputtering chamber6, L'vov furnace
flash lamp techniunB, and laser samplingg. liost investigators have
vapourised the sample by spraying a solution of material into a flame.

A nebuliser is used to produce very fine droplets of solution, and the

flame causes evaporation of the solvent and decomposition of the solutes

in the droplet. Atoms are thus produced in the light beam so that

absorption may take placc.

The number of free atoms produced in the flame per unit time
is governed by three main factors:
(a) the flow rate of the solution into the ncbuliser;
(b) the efficiency of introduction of solution into flame,
i.e., the aspiration efficiency of the nebuliser-burner-
flame combination;
(¢) the efficicncy of converting the solid salt particle
into ground state atoms in the flame gases, called the

atomisation efficiency 93).

/3 is influenced by ionisation, incomplete dissociation of the salt
introduced, and compound formation by the atom of interest with

flame gas products or with othcer atoms or molecules also present in



the sample. For example, if wc¢ have 2 solution of Ca 012 aspirated

into the flame, this efficiency is
(A )2
(/v.’{.l)i 'f'N(_;‘(E",T NG_(_E +N&0 f ﬁ(‘E}‘Dd‘f N&H*’N@“" Ak f‘%)a*(f\/@)faf'i‘:b-&

where stands for the ground electronic state of Ca atoms,

[

stand for the upper electronic states of Ca atoms. _&, M -+

3 is a very complex function of flauwe temperature and composition,
generally having 2 maximum value at a certain temperature and composi-
tion. The aspiration efficiency has been studied by Winefordner et gl??
and the atomisation efficiency by de Galan and Jinefordner1q, and by
Willisﬁz. The factors affecting the efficiency of atomic vapour

production from the salt particles in flames are discussed below.

(a) Flame energy

The energy of the flame is used to produce neutral atoms from
droplets coming out from the aspirator-burner. The thermal energy
liberated from a flame is best represented by the theoretical flame

temperaturc. The approximate range of temwmeratures available from

commercial burners is: air-coal gas 1800 K
air-propane 1925
air-HZ 2050
02 - H2 2500
HEO - H2 2600
3ir-02H2 2350
02 - 02H2 3100
NEO - CZHZ 2955

For c¢lcecments which are easily converted into atomic vapour like
Zn, Cu, Cd and Pb, the most sensitive results are obtained by using low

temperature flames such as those produced from air-propane or air-coal
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gas mixtures. In the case of elements that form refractory oxides, such
as the alkaline earths, a hot flame like air-ncetylene is essential. &
further range of elements, including Al, Be, Ti, V and the rare earths,
require an acetylene flame supported by oxygen or nitrous oxide to
obtzain sufficicnt atomic vapour to make useful and scnsitive measure-

ments.

It is to be noted that as the temperature of the flame increases,
the proportion of atoms ionised also increases. Thc alkali metals and
the alkaline carths ionise to a significant extent in the hottest
flames listed above, and the nitrous oxide flames produce considerable
ionisation even for an elcment like aluminium. The ionised atoms

absorb at a different wavelength and are thus lost to the determination.

(b) Flame profile

The relationship between absorption Signal and flame height is
called the flame profile. It indicates the relative population of
neutral atoms in the flame., For iraximum sensitivity thcre is an

optimum height in the flame at which observations should be made1j‘1q.

Rann and dambly15 examined the distribution of neutral atoms in
absorption flames. They demonstrated that maximum absorption is a
function of the light beam position in the flame, coupled with the fuel/
air ratio of the flame. The clemcnts investigated included Cu, Mo, Ng,
Cr, Ca, Ag, Sr, Ba, Ha and Se. The results suggested that atoms are
released by pyrolysis of the salt in the hottest region of the flame,

and then removed by secondary chemical reactions, in other parts, of

the flame.
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(¢) Flame composition

It is found with metals that form refractory oxides that a fuel-
rich flame is required for maximum sensitivity. In an oxidising flame
therc is an excess of oxygen present, =nd oxidation of metal atoms is
promoted. In a fuel-rich flame there is an excess of fuel and
presumably only reduced amounts of oxygen. This would prolong the life
of neutral atoms and hence provide better sensitivity.

16

Cowley et al. studied the spatial @distribution of various mole-
cular species in a pre-mixed oxyacetylene flauwe by a combination of
atomic absorption and atomic emission. They showed that the effective-
ness of the air-acetylene flame results from the combination of a
relatively high temperature with an environment which is relatively
deficient of oxygen. A stoichiometric flame provides = higher
temperature, but many metals suffer a loss of sensitivity relative to
fuel-rich ceonditions. This results from an unfavourable environment
which promotes chemical reactions that bind metal atoms. By contrast,
the fuel-rich air-CZHZ flame provides an environment very effective for
some metals but at a temperature which is too low for other metals.
Turbulent flames from these mixtures provide a non-optimum environment

because they do not form well-defined zones in the flame, and a

chemically favourable environment does not prevail.

The nitrous oxide-acetylene flame provides a high tempecrature
without very rapid burning velocity, so that a favourable chemical and
thermal environment is provided. This arrangement made it possible to
determine almcst all metals by atomic absorption spectroscopy. It

further permitted the determination of metals such as Ca, Sr, Ba and
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and Mo, which are only partially atomised in cooler flames, with
higher sensitivity and greater freedom from chemical interfarence.

(d) Use of organic solvents

- , 18,19,20 .
It has bzen observed on numercus occasions ' ', that cnhance-

ment of absorption takes place if zn organic solvent is used instead
of water. This enhancement has becen attributed to a more efficient
production of atoms from organic solutions and to the increascd temper-
ature. The increasc in efficiency of atom production may be divided
intc two aspects:
i) easier combustion of organic solvents than water, and
ii) easicr chemical release of atoms from an organic addend than
from an inorganic salt.

Rr.\b:?.nson%r studicd the effect of chemical rcleasc of atoms in a flame,
(i.ee, from an organic addend) by using Sodium chromate, chromic
nitrate and chromium naphthenate in water, ethanol, benzenc¢ and
ethanol-benzene (50:50) mixtures. His results indicate that when
organometallic solutions are used, a greater absorpticn signal is
obtained. This supports the thesis that the population of mctal atoms
in a given flame is increased by using organic solvents and organo-
metallic compounds. Organometallic compounds in organic solutions
give the most absorption and inorganic aqucous solutions give the least
sensitivity.

Strong supporting evidence was found by Sastri et 3&.21. Their

studies on sensitivity in atomic absorption of Ni, Sn, Zr, Hf, b, Ta,
as metallocenes z2nd as simple sa2lts or oxy-salts, have sheown that

metal-oxygen bonded species in solution contribute to the total amount



12.
of metal oxide in the flame, with a depopulation of the reutral atoms.
In the case of metals which form oxides of high dissociation energy,
sensitivity is enhanced if the metal in solution is not bonded to

oxygen, as in metallocenes or fluoro-complexes,

I. 5. INTERFERENCE IN ATOMIC ABSORPTION

Interferences are those effects, duc to the presence of other
constituents in the sample, which cause an analysis to be in error.
Interferences in emission methods are well known; atomic absorption,
however, is subject to fewer interferences, as predicted by Ualsh1.

The following interferences will be discussed:

(a) Spectral interference

(b) BExcitation interference

(¢) Ionisation interference

(d) Bulk or Matrix interference

(e) Chemical interference

(a) Spectral interferences occur in emission when radiation from the

sample is surrounded by an unwanted output of radiation from another
element at a similar wavelength. The resultant reading depends on the
concentration of more than one element. For instance in the determination
of magnesium in the presence of sodium, by flame emission, the 2583.23
line of sodium will make some contribution to the measured intensity of
the magnesium line 2582.1 R, since most monochromators are unable to

separate these lines completely.

However in atomic absorption, the only absorption measured is

that of the resonance line, with a half-width of ca. 0.01 R. Thus the
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resolution is far better than that of most of the cmission methods,
resulting in correspondingly increased frecedeom from spectral inter-
ference. Diligent scarches recently, however, have turned up o few
interferences:

i) Thec cobalt 2536.49 R line arising from a metastable state
interferes with the determination of mercury (at 2536.52 ﬁ)22.
ii) Mutual interference between gallium (4032.982 2) ana
manganese (4033.073 R)23‘

Another type of interference arises when molecules formed in the
flame have absorption bands at the analytical wavelengths of a par-
ticular element. This molcular absorption occurs most when low
temperature flames are used. Yor example, when barium is determined

in the prescnce of large amounts of calcium in the air - C_H, flane,

2
the calcium oxidc formed will absorb strongly at the barium wavelength

(5536 R)Zq. This interference, however, vanishes in thé high temperature

25

generated by the nitrous oxide-acetylene flame ~.

(b) Excitation interference is duec to thes change in the numbsr of

excited atoms when the introduction of another species produces a

change in the effective temperature of the radiating vapour. This

type of interference is often encountered in arc and spark emission, but
it also exists in flame emission. Since the total number of excited
atoms is negligibly small, the number of unexcited atoms can generally
be regarded as constant and equal to the total number of atoms, so

that no counterpart to excitation interference is found in atomic

absorption.
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(c) Ionisation interference takes place when a substantinl proportion

of atoms in the sample become ionised, causing them to abscrb at
different wavelcngths. If another element is present which can
supply free electrons, there is an increase in the number of ions
which return to the form of ground state atoms. This results in a
positive interference or enhancement of absorption. The various
alkalis enhance the absorption of each other. Sodium and potassium
enhance the absorption of calcium in the 2ir - CZHZ flame. This
effect is less pronounced in atomic absorption than in flame emissicn.
Baker and Gord0n26 studied the determination of potassium by both
emission and abscorption in an oxy~acetylenc flame, and have shown that
the presence of lithium, sodium or cesium increases the apparent
concentration. The cnchancement is in the sawe order as the increasing
ionisation potential of the interfering elerments. Trent and dlavinz?
investigated the determination of strontium, and observed that there
is an increase in absorption after an alkali metal has been added to
the solution. As the concentration of the interfering clement is
increased, the cnhancement rises to a plateau value. The enhancement is
accompanied by a decrease in absorption if the ionic ground state line
is used. The percent of metal ionised is related largely to the
temperature of the flame, Alkali metals ionise to an apprcciable extent
in cool flames like air-propane, while alkaline carths ionise slightly
in the air-acetylcecne flame and to a great extent in the nitrous oxide-

acetylene flame.

(d) Bulk or matrix interferences are changes in the analytical results

caused by variations of the viscosity or other physical properties of
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the sample solutions. One common matrix effect is the enhancement
caused by an organic solvent. (see also Section I.4(d)). The
improveiient of sensitivity by the use of an organic solvent is partly
the result of an incrensed zmount of sample carried to the flame,
because of lover viscosity and the improved vapourisation (due to the
small droplet size resulting from the lower surface tension of the
organic solvent).

Another matrix offect is caused by different concentrations of
dissolved solids in the sample solutions. As the solution boccomes more
concentrated, it flows more slowly through the burner and absorption
therefore decreases. Such an interference can be distinguished from
chemical interfercvnce in that is slope is much more gradual and that it

does not reach an asymptotc.

(e) Chemical interference is due to the failure to break chemical bonds

betwecn the analyte and other materials in the matrix, when thc solvent
is evaporated out of the acrosol in the flame. The effect is similar
in emission and absorption since the effect is to limit the atomisation
of the analyte. Two well-known examples are the combination of

calcium with phosphate, and the combination of magnesium with
aluminium. Chemical intcrference is discussed in more detail in the

next section.

I. 6. CHEMICAL INTERFERENCES

Chemical interferences are a common occurrance in both emission
and atomic absorption analysis. In the case of atomic absorption
spectromctry, interferences resulting from the presence of both

added cations and of added anions have been reported.
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Cationic Interfercnces

Al].:.n3 in the first paper to describe the analysis of plant
materials by AAS, found that nluminium depressed the absorption signal

ST 2 e P :
of magnesium. Elwell and Gidley showed that the principal interfering
elements in the determination of wagnesium are those that form acidic
oxides that are stable at high tempcerature, e¢.g., Al; Ti, Zr and Hi.
Allan also observed that K, Ma, and Ca do not interfere in the
magnesium determination.

David29 studied the analysis of calcium in plant materials and
found that ions such as aluminium and Zirconium suppress the calcium
absorption. He observed that Ca absorption is dependent on the ratio

of fuel to air in the flame, and that the absorption signal varies

along the height of the flame, being grecatest close to the basc of the

flame.,

The determination of strontium is similar to that of calcium.
David50 found that aluminium and silica supress the Sr signal whereas

27

calcium does not. Trent and Slavin gave a detailed account of the
interence effects, including the enhancement of Sr absorption produced

by the presence of other alkali metals.

Anionic Interferences

The interference of sulphate, phosphate and silicate on the
determination of calcium have been reported by a number of authors.
Rochiccioli and Townshend51 examined the effects of various ions and
complexing agents on Ca absorption in the air-propane flame. They
confirmed the previous obscrvations that relative magnitudses of

depression effects of sulphate and phosphate decrease higher in the
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flame, although thé absorbance a2lso decreases. The relative
magnitudes of depressive effccts decreasc in the order
Sioi") P02-> soﬁ') EDTA ) reo; )cnicoo' = 8-hydroxyquinoline > 17
Hall & Townshcnd32 also investigatced the effects of a number
of ions and complexing agents on the absorbance of mugnesium in the air-
propane flame. They found that sulphate and phosphate (as reported by
Allanj) and oxalate decrease the signal, whereas chloride, nitrate,
EDTA and 8-hydroxyquinoline c¢nhance the absorption. Trent and Sluvina?
reported that HC1, HNGB and glycerine depress the strontium signal at
high concentration (a few j4).

Other work on the determination of alkaline earth metals and

3534435

their interferences has alss bheen reported

Suppression of Interference

There are three ways to overcome the chemical interference
effects. These involve:
i) addition of other salts which suppress the interference;
ii) removing the intcrfercnce by ion exchange or s:clective extraction;

iii) wusing a standard similar in composition to the sample,

any of the common ions, c¢.g., sulphate, silicate, a2luminium
and zirconium, which suppress the alkaline earth absorption, can be
minimised or almost overcome by adding excess of lanthanum or strontium

3,28,36,37,38 1430

chloride te both sample and standard soclutions
examined the determination of Sr in biological and soil materials. He
chose to remove the phosvhate interference by ion-exchange. The small

amounts of sodium and potassium, which enhance the calcium absorption,

can be tolerated if Na or K is added to the standard sdutions. The
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use of ammonium pyrrolidine dithiocarbamate (APDC), extracted into
methyl isobutyl ketone (MIBK), or other orzanic solvents, as an effective

; 5 7 ; : = 39,40
concentration e¢limination of interference has be.n well establlshed’g’ .

Bxplanation of Chemical Interference

A prerequisite for the understanding of th: occurrence of
chemical interference is the understanding of the mechanism by which
4 — 14 i y :
mctal atoms are Hroduced. Lobinson suggested the following niechanism,

shown in Table I.:2.

A sample solution is introducod through the nebuliser-burner
system into the flame. When a pre-mixed burner is used, the nebuliser
first converts the solution to 2n acrosol. This aerosol is then swept
into the burner and thencc into the flamec. In the flame, the droplets
are dried, the residue¢ melted and vapourised, and any compound dissociated
to free atoms, so that absorption may take place. If the dried salt
happens to be a compound that does not dissociate readily at the flame
temperature, the proportion of ground-state mectal atoms will be small.
Thus the presence oi phosphate in a solution of calcium results in the
formation of a refractory calcium salt and results in a negative inter-
ference. In the determination of magnesium in the presence of aluminium
an intermetallic compound is believed to be formed that does not

dissociate at the flame temperature.

Cowleth studies the molecular and atomic emission from
portions of the fuel-rich oxy-acetylene flame fed with a soultion of
refractory metals. He found that 2tomic emission is intense¢ in the base
of the flame z2nd falls off at higher levels. lNolecular band emission of

the metal oxide is weak at the flame base but increases in strength at
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higher eclevations. This supports the theory that driced salt is
converted into atomic vapour and is cventually oxidised as it rises in

the flaile.

TABLE I.2

Mcecechonisim of Atom Froduction

FPhysical form - ; ’
of sample Reaction F“Cto?? T PO Ing | Part of flame
: : Reaction
in flame i
Droplets Syaporation Droplet size, flane Base
temp., feed rate,
coMpustibility
V
So0lid Disinte- Stability of com= Inner cone
particles gration pound, anions, lame
temperature ultra-
violet light emmited
from flame
&
Atoms Accumulation | Flame composition, Reaction zonc
or oxidation | stability of atoms
\/
Oxide No reaction | Stability of metal Outer mantle
or reduction | oxidce flame com-
I i position
: 1

3

Slavin, Sprague and M:mm'.ng‘I examined various flame para-
meters in the determination of calcium. They found that although Ca
may be determined at about equal sensitivity in the air-acetylene flame
or the air-hydrogen flame, thec effect of anionic interferences is much
less in the acetylene flame. The use of a fuel-rich flame moves the
absorption peak higher in the flame. The effect of phosphate
depression is sonmewhat reduced in 2 rich flame, particularly higher

in the flams. Mav.rrodineanuLha reported 2 similar effect on the emission

of calcium in a fuel rich oxy-acetylene flame. The use of a low
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temperature flame rcduces the Ca sensitivity and greatly increases the
interference effect. The use of an organic solvent enhances the signal

and shifts the absorption higher in the flame profile.

Yofe, Avni ond .St;il].crbr3 showed that orthophosphates of
Ca, 3r and B8 are converted at 1000 C into corresponding pyrophosphates
which are partially deconmposed in the flame. If La is added to the
solution of alkaline earth wmetal and the phosphate, interference
disappears. They round that lanthanum phosphate precipates before the
2lkalinz earth phosphate as water is evaporated at 140C from =2
solution containing both. Thus in the prescnce of lanthanum, the Ca,
Sr or Ba reaches the flame free from phosphate; a condition suitable

for complete vaporisation.

Elwell s5d Qidiet® poctalated he Toruntion of 4g Al-He
mixed oxide to account for the suppression by 41 of the Mg signal.
To confirm that the effect is due to the chemistry of the aspirated
droplets they aspirated separate solutions of Al and Mg into the same
spraying chamber, where they werc mixed before entering the flame. No
depressing effect of Al was obscrved. KRubeska and ;-ioldanl"iF obtained
X-ray diffraction patterns of the uncvaporated particles leaving the
flame after spraying A1l and lge. The X-ray Debye-Scherrer diffractograms

revealed that spinel (MgO. A1203) is formed.

I«ir-,msellq'5 used thermodynamic data (Toble I.3) for the
formation of spinels to account for the releasing action of La, Ba or
Sr salts. The thermcdynamic data for an oxygen-deficient system
revealed magnesium aluminate Mg Ale 04 as being more stable than the
constituents MgO, ﬁ\laO_j and MgCl A120 is more stable than MgO;

2° 3
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¥g0 is the least stable of the alkaline oxides and tends to lose oxygen
in the presence of Ba, Sr or La. The free energy of formation of
alkaline earth aluminates at 2000 K (1'able I.4%) has been approximated
by Sinke (quoted by ﬁansellqﬁ). g “1304 is the least stable of the
series at temperatures approaching that of the 32H2 - air flamc. The
greater stavility of Ca, Sr or Ba 2luminates would therefore cause their
preferential formnation or precipitation, loaving lig atoms free for
absorption. The relecasing action of La is presumably cansed by the

same m.chanisnm.

TABLE I.5

Free Snergy of Formation at 2400 C and 2000 C!Jf5
2400 © | 2000 T ;

Compounds 4ﬂGf (kcal mol )| Compounds ASGf (keal mol )

g0 -57 BeO -96

1 £ ;

a1205 -216 Mg0 77

Al 0 -18 l a0 -96

AlZO -67 Sro -89

A1,0,, -76 B20 -91

a1013 -104 Alzu3 =248

Mgal,0, -284 | L2,0; -293

MgCl -29 ;

MgCl, -73 §

La203 -266

I




Free Encrgy of fOrmation of Aluminztes at 2000 C

TABLE I.4

I'LI.5

22.

At}f (2luminnte)

=%‘ﬂ{3f (HMO) + ZLGE u1205) + Heat of formation

of aluminate at
298 ¢

Ly

Compounds £1Gf (kcal mol”
Be Alzobr -3L4s
g 41,0, -D33
Ca nl..)‘i];+ ~348
Sr A1,0, =299
Ba 31204 -340
L/3La 41 © -360

3




