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ABSTRACT. 

The interference effects caused by a number of mntrices 

includ:u1,:5 compounds such as NaCl, HCl, I<Br, mro
3

, rr
3

R\_, H2so
4 

on 

Cu, Pb, Cd and .Al atomic absorption sii;nn ls when the elements are 

ntomized from three non-flame ti;rnphi t e atomizers (fur nac·e, cup .'.'Ind 

rod) arc studiec. over severnl concentrat ion r rmc;e~. Investicn tioT'!s 

show that most of the interferences found occur i n the vapour phase. 

A comprehensive literature survey has been done and from this survey 

and the experimental work carried out, discussions are presented on 

the postulated mechanisms of interfereroe. 

given for the vapour phase interference, 

Two main theories are 

i) entrapment of the atom in the matrix particle forming 

in the vapour, 

ii) rapid molecular condensation in the vapour phase. 

Several degrees of interference (both enhancement and depression) 

were obtained for the different chemical and atomization systems used. 

Attempts were made at rationalizing the degree and type of interference 

in terms of the postulated models. Supporting evidence for the atom 

entrapment theory was gained from an investieation of the nature of 

the non-atomic absorption peak obtained mainly when alkali halides 

are present in the sample. Evidence is produced showing that the 

absorption spectra obtained from alkali halides here and by other 

workers are charge-transfer s pectra. 



An i nvesti gation into the use of a graphit e atomizer for 

zinc analysis in bovine serum is presented and compared to 

determinations using flame at omic absorption on the same samples. 

iii. 
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CHAPTER I 

I INTRODUCTION 

1. General Introduction 

a) Historical. 

The use of atomic spectra for the detection and analysis of elements 

is not a 'modern technique'. In fact the first observation of atomic 

absorption lines was in 1802 by Woolaston 1 - these were the Fraunhofer 

lines in the solar spectrum. Kirchoff 
2 

together with Bunsen further 

investigated the phenomenon of atomic absorption in 1860 using atomic 

absorption lines to establish the presence of certain elements in the 

solar atmosphere. In subsequent papers they demonstrated the use of 

atomic spectra, emission and absorption, as a method for chemical analysis. 

Briefly, "Atomic Absorption Spectrometry is a spectrochemical process 

whereby a free atom absorbs radiation of the same wavelength which it emits 

when it is in a state of excitation". Measurement of the radiation 

absorbed enables the concentration of the element to be determined. 

Although the physics of the atomic concentration and atomic absorption 

relationship were fully discussed by Mitchell and Zemansky 3 (1934) and 

Rosseland 4 (1956) analysis by atomic absorption was confined largely to 

astrophysical work and mercury vapour estimation 4a until Walsh 5 

published his first paper on the application of atomic absorption 

spectroscopy to chemical analysis in 1955. 

Development and use of the technique increased slowly as more 

instruments were built, until in 1960 twentysix papers were published 7 



increasing to over six hundred and sixty in 1970 while the number of 

instruments in use (1972) exceeded twenty thoooand. 
8 

b) Instrumentation. 

Most texts on atomic absorption give descriptions of atomic 

absorption spectrophotometers. (e.g. 8, - 10). Essentially an 

atomic absorption spectrophotometer consists of:-

i) a stable radiation source emitting atomic spectra 

including resonance lines, 

ii) an atomizing device producing an atomic vapour 

( usually a flame), 

iii) a monochromator to isolate the resonance line, 

iv) a radiation detector (usually a photomultiplier) 

coupled to amplification and readout facilities. 

c) Theoretical. 

The theoretical parameters of atomic absorption have been fairly 

rigorously presented by Walsh 5, 6 and L'vo~ 11 the latter shooing that 

Walsh's treatment o"f atomic absorption theory is a sr:ec:ial case of a 

2. 

more general theory • Hcw1ever, a brief sUIIUmry will be applicable here. 

.An atom in the ground electronic state is capable of absorbing 

characteristic discrete energies. In practice absorption of radiation 

occurs over a very small frequency ra~e resulting in an absorption profile 

which is determined by broadening parameters. Broadening of lines results 



3. 

from any factors influencing the energies of groun:l and excited electronic 

states. 

are: 

Major causes of broadening, in flames, in order of importance 

i) Doppler broadenil'.l€; - due to different component velocities 

of the absorbing or emitting atoms caused by thermal 

agitation (along the line of observation) 

ii) Collisional (pressure or Lorentz) broadening - due to the 

perturbation of the atomic energy levels of an atom close to 

foreign gas atoms 

iii) natural width of the spectral line - due to the finite 

lifetime of the a tom in the excited state (Heisenberg's 

Uncertainty Principle). 

Broadening, mainly due to the first two effects, is in the range of 

* 12 .OOI - .OI nm for the half width of the spectral line in moot flanes. 

2. Development of Flameless Atomic Absorption Spectroscopy. 

In the development of Atomic Absorption Spectroscopy most early 

investigators (13 - 18) used flames to produce the absorbing atomic vapour 

i.e. the test solution after being nebulised into very fine droplets is 

sprayed into a flame causing evaporation of the solvent and decomposition 

• Width df the spectral line at a point where the peak height is half 

the imximum value. 
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of the solution in the droplets. A column of va. pour is thus produced in 

which the atom concentration of the element deperrls on its concentration 

in the original test solution. Flame cells are still more widely used 

to produce atomic vapours 19 than any other atomization process. 

Since the sensitivity of atomic absorption spectroscopy depends 

directly on the vaporised atomic concentration, workers have endeavoured to 

increase the efficiency of the atom reservoir by using slotted burners 
20 

reducing high temperature flames, 21 -24- and more efficient nebulizers. 25126 

These developments greatly improved the sensitivity and precision of the 

method but several disadvantages still exist with the use of flames: 

a) only 15% (2(% with the most efficient nebulizer) of the test 

solution reaches the flame using indirect nebulizers, 

"necessary for laminar pre-mixed flames;'decreasing absolute 

sensitivity and necessitating a sample volume of at least 

1 cm 3 for analysis of non-dilutable samples, 

b) only rarely can solid samples be atomized, 

c) dilution of the atoms occurs by a factor of approximately 

10 4 when the sample is mixed with the flame gases; 

further dilution is caused by expansion of the flame gases 

to the flame temperature on combustion, 

d) in some systems efficiency of free atom production is low. 

The main advantages of flame cells are ease and rapidi~y of 

operation. HONever, early in the development of atomic absorption 

spectroscopy some workers began to look at non-flame cells in attempts to 
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overcome some of the flame disadvantages, i.e. to increase the efficiency 

of atomization and to reduce the undesirable influence of variations of 

• physico-chemical properties of solutions. In an excellent review 

Kirkbright 27 has sUllllIBriaed most of the work in this field. For the 

sake of completeness a brief resume will be given here. 

28 29 . 30 In 1959 L'vov ' adapted the King furnace to study its 

potential as a source of atomic vapours for atomic absorption. He 

obtained reproducible results 31 for atomic absorption analysis using a 

graphite crucible for twelve elements. Some of the absolute sensitives 

he quoted have still not been bettered by any other workers. In a later 

paper 32 he discussed the potentialities of his crucible and extended by 

a further twenty-seven the list of elements analysed. The crucible 

consisted of a tube of graphite 5 cm long 0.25 to 0.5 cm i.d. being lined 

with tantalum foil placed in an inert atmosphere. Initially heating was 

effected by a spark between an auxiliary electrode and the furnace, but 

later work used simple resistive heating of the furnace by passing a 

current through it. Samples were micropipetted into a cavity on the end 

of a rod which was then placed through a hole into the furnace. 

Yid.ale 33 in 1961 also follooed Ki~ 's work and constructed a sealed 

quartz cell within a quartz tube to atomize samples for atomic absorption. 

Further work based on L'vov' s graphite furnace was done by Massman 34 

who used a small resistively-heated graphite tube furnace, am micro-pipetted 

* See section I 3(a) 
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the sample directly into the furnace for a three-stage heating prograllllOO 

of drying, charring, and atomization. A ftn'nace on a much larger scale 

(15 cm long x o. 7 cm i.d.) was built and used by Wood.riff 35 et al. 

This system was also resistively-heated but the sample was placed into 

the tube by means of a small carbon cup. 

In 1970 the perforrrance of a commercially prodooed heated graphite 
36 

atomizer manufactured by Perkin Elmer Corporation was published. The 

furnace was a bulky graphite tube enclosed in a water-cooled metal jacket 

and to prevent oxidation the tube interior was continuously flushed with 

an inert gas (usually argon). Samples of 20 pl were introduced through 

a sample port directly into the furnace by a micropipe_tte arrl the furnace 

was then heated through a three-stage heating programme. Twenty-six 

elements were analysed arrl their sensitivities reported, together with the 

determination of copper and strontium in milk. 

West and Williams 37 atomized several elements using a heated carbon 

filament 5 cm long x 0.6 cm diameter with samples micropipetted into a n 

indentation on the top of the rod. The mounts of the rod were water-cooled, 

the filament was heated through three heating stages arrl. the entire system 

was encased in a pyrex chamber with quartz windows to enable the beam of' 

light to pass unrestricted through the chamber at grazing incidence to the 

filament. The chamber was flushed with an inert gas to prevent oxidation 

of the filament. 

Subsequently a Varian Techtron research group 38, 39 designed an 

atomization system which conaisted of an inductively heated rod which had a 



transverse hole bored in it to allow a beam of light to pass through 

and a vertical sampling port facilitating the placement of the sample 

droplet within the 'mini-furnace'. Sensitivity was gr eater than the 

open-rod system and the performance of the system resembled that of 

Massman' s furnace - hence the connotation "mini- Massoon furnace". 

At the sane time, work on non-flame cells using non- gr~phite 

supports was done by several workers. d l 4-0 Bran e n)ereer and Bader 

used a platinum wire filament on which elements had been electrolytically 

deposited. The f ilament was heated to atomize t he element. A pt 

loop was used by Bra tzel !! al. 41 to atomize elet:'lents from a thin film 

obtained by inunersion of the loop into the sample solut ion. Ano1.her 

non-graphite atomizer wan Donega and Burgess's 42 tr:.ntalum boat vrhich 

a llowed l ar ge r volume samples to be used for direc t dryir-6 , ashing and 

atooization. 

The non-flal!le atomization methods mentioned thus far hnve been 

more wi dely used than any other non-flame method, as can be readily seen 

froo the reviev, paper on Flame Spectrometry by Wineforder and Vickers . 19 

However other non-flo.me methods of atomization hove been investigated 

including: -
cathodic sputtering - far direct atooization of solid samples 43 

- for solution analysis 41+ 

d c electric arc 45 

a c electric spark - sample sprayed into spark 46 

induction coupled plasma 4-7 

radio frequency plasma 48 



laser 49 

solid fuel pellet for field work 50 

various designs of furnaces using many different support 

materials (e.g. silica) 51 usually used for specific 

elements or matrices 

flash-heated capacitor discharge lamp. 52 

8. 

Research is still continuing into the development of new methods and the 

performance of existing methods of non-flame ato~ization. The three 

most promising and widely used non-flame atomizers are variously designed 

graphite furnaces, cups and filaments, tantalum boats and filaments, and 

the cathodic sputtering atomizers. 

3. Interferences in Atomic Absorption Spectrometry. 

Walsh 5 predicted in his first pa.per on Atomic Absorption 

Spectrometry that the method compared with other spectral methods 

(e. g. emission) would be relatively free from interfereroes. 

shown his prediction to be correct. 

Time has 

Generally "an interfereroe in analytical chemistry can be any 

effect due to other constituents in the sample or 'its receptacle giving 

an erroneous result". Specifically in atomic absorption an interferent 

is normally classified as an 'enhancer' or a 'depressor' depend~ on whether 

the presence of the interferent respectively elevates or lowers the signal 

obtained compared to the 'true' result. However W .J. Price Ba notes that 

all .substances which produce an increased sensitivity for a given element 
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actually do so by reducing an existing depressive interference as 100}1a 

efficiency of atomization can never occur in practice. 

Because the success of atomic absorption as an analytical method 

depends on the production of uncombined tfree), non-ionised, ground-state 

atoms in an atomic vapour for absorption of radiation at a unique and 

specific wavelength for a given element, any substance which hinders or 

masks the process will be an interferent in atomic absorption. 

The history of an analyte in solution is vastly different in a flame 

atomizer compared with a non-flame atomizer and because more work has been 

done with flame atomizers than with flame le.ss devices, mainly because of 

their early use and also their simplicity, a consideration of interferences 

in a nebulizer-flarne atomization system will be presented first. 

a) Interferences in Flame Absorption Cells. 

For this discussion the history of the analyte will be folloved through 

the atomization system using the following equation to help identify any 

interferences occurring. The concentration n, of analyte atoms in a flame 

(atoms cm - 3) is related to the concentration~ of analyte (moles 1 -1 ) in 

the solution aspirated into the fJarne by: (53) 

n = 1 x 1 o 
19 

F£pc /Qef 

where: F = solution transport flow rate cm3 min - 1 

1 • 

t = efficiency of aspiration ( efficiency of producing a gas of 

the analyte) 

p = efficiency of atomization ( efficiency of producing atoms 

from gaseous analyte) 

ef = flame gas expansion factor due to increase in temperature of 

gases from room temperature and increase in number of moles of 

flame gas products. 
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In a pre-mixed flame using a nebulizer-burner system the mechanism for 

producing metal atoms is as follows (after Robinson) 54: the solution is 

firstly converted to an aerosol by a nebulizer. This aerosol is then 

swept into the burner by the pre-mixed unburnt flame gases and thence into 

the flame where the droplets are dried, the residue (solid particles) 

melted and volatilized arrl. compounds dissoc:iated to produce free atoms 

enabling absorption to occur. 

Solution Transport Fla.v Rate (F) 

When a sample is aspirated into a flame system this parameter is the 

first affected by any int erferent. Interference at this stage occurs 

where differences in the physical properties of analyte sol utions exist. 

For example, when the physical properties differ between samples or between 

sample and standard a discre"{:8ncy in results occurs. Changing the acid 

concentration alters the viscosity of the solution, affecting the rate of 

uptake of the sample. The µse of organic solvents compared with aqueous 

solutions also affects the uptake, owing to differences in viscosity, 

density, and surface tension. When a differem e in solvent vapour pressure 

exists between samples, espec:ia lly with low boiling point organic solvents, 

the rate of sample uptake is altered. The presence of dissolved solids in 

differing concentrations within the samples also affects the flow rate by 

increasing the viscosity of the solution. 

Aspiration Efficiemy (f.) 

This can be loosely subdivided into three physical phenomena; 

nebulization {production of an aerosol or small droplets), solvent 

evaporation, and volatilisation (the elements are vaporized from the 

solid particle in the flame). 
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a) Nebulization. 

Changes in the surface tension caused by altering any of the three 

effects' mentioned above (acid concentration, solvent vapour pressure, 

dissolved solids concentration) affect the efficiency of the nebulizer 

and hence the parameter & by changing the size distribution of the droplets 

formed. Thus if the mean droplet size is decreased due to decreased 

surface tension (for example when organic solvent solutions are used in 

preference to aqueous solutions) more of the nebulized sample is swept 

into the flame for subsequent evaporation, disintegration, atomization ard 

eventual absorption of radiation; in other words f, is increased. 

b) Solvent Evaporation. 

Decreasing the mean droplet size of the sample introduced into the 

flame increases the efficiency with which the solvent is evaporated from 

the droplet. Also the lower the boiling point of the solvent the more 

efficient is the evaporation process. 

increased efficiency of evaporation. 

Both of these effects result in 

All of the effects mentioned up to this point can be loosely defined 

as matrix interference effects, as the interference is related to bulk 

physical properties of the test solution. 

c) Volatilization. 

Another effect which alters the efficiency of producil'lG a gas of the 

analyte in the flame (as defined by Winefordner) 53 is incomplete 

volatilization of the solid particles formed from the drying of droplets 

produced by the nebulizer in the base of the flames. This effect implies 
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that the speed of the rarticles through the flame ana/or their need for a 

high vaporization temperature does not allow complete conversion of the 

particles to the vapour phase at the flame temperature. Su:::h an effect 

can be attributed to the formation of high boili~ point metal/metal 

solutions as it is usually experienced in reducing flames. 

An example of this type of interference is the depression of the 

chromium and molybdenum response by high concentrations of iron 55 which 

increases gradually as the iron concentration is increased until a plateau 

is reached in the presence of a large excess of iron. Hence the theory of 

the formation of a definite compound, e.g. a spinel, is not supported in 

this case; neither is the effect an example of mixed oxide forrration, as 

the severity of this effect in dif'ferent acid rmtrices decreases in the 

56 order Hc1> H2Soi?' H
3

Po
4

• If the presence of oxides was the controlling 

factor the reverse order would be expected. 

Rhodium provides a similar example, its response in an air/acetylene 

flame being influenced by the presence of different acids and other metals. 

In rhodium solutions we assume because rhcxlium salts easily redw e to rhcxlium 

metal that the small solid i:articles left after solvent evaporation contain 

rhodium as the uncombined metal with a boiling point 2500°c causing incomplete 

volatilization. Thus when sodium sulphate, which appea.rs to eliminate all 

the interferences, is present in the solution the formation of metallic 

'clotlets' is prevented, allowing atomic rhodium 1o be released as evaporation 

occurs fro~ the particle. 

Atomization efficiency (~) 

The factor p in equation 1 is described as that factor which "accounts 

for incomplete dissociation of the analyte compound vol~tilized into the flame, 



for formation of compounds resulting between the analyte and flame gas 

molecules and for ionization of the analyte atoms in the flame gases" •53 

Such effects all result in decreased efficiency of atomization or decreased 

number of atoms present for absorption. Hence when interference occurs at 

this stage of the nebulization-atomization process it is due to the failure 

of the flame to break chemical bonds between the analyte and other msterials 

in the sample matrix or in the flame. 

i) Incomplete Dissociation and ii) Stable Compound Formation. 

only. 

The separation of these two effects is of theoretical importance 

A distinction can be made because in i) the compound is formed from 

the matrix materials before the particle is partially broken up in the flame, 

ii) a stable c001pound is formed either from free matrix material or flame 

gases after the particle has disintegrated within the flame. However, 

because the effect of both forms of interference on the final result is 

very similar ( the dif'ference being in the 1forrr.ation I of the interfering 

compound) they will be treated together in the following discussion. 

These two effects are the most corrunonly noted of all interferences 

in atomic absorption. 

The lowering of alkaline earth metal absorbances in the presence 

of aluminate, silicate, phosphate, and other oxy-anions (especially when 

the anion is in stoichiometric excess . over the metal) has been reported by 

57-60 16 Ba several workers. ' Price suggests that an equilibrium is set 

up between the species M-0, or M-X (in an X medium) and M-OX. 

heat heat C - reduc :h\'s f'Jane 
88 M-0-X M-0 M + O ~ 

M + co 1 • ..... 
metallic \excess low-flame 
oxy-enion oxy- acid temp. 



Lower temperatures and/or excess of the oxy-anion f avours the persistance 

of the stable oxy-salt. 

However several workers have verified that the suppression of the 

alkaline earth absorption by oxy-anions can be minimised or overcome by 

adding excess releasing agents, e.g. lanthanum or strontium, to the sample 
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. 16 61 62 and standard solutions. ' ' The releasing agent affe,cts the equilibrium 

( 1 ) in the following way: 

M-0-X+R R - 0 - X + .M 2. 

A good releasing agent R, competes with Mfor OX to form a stable 

oxy-anion compound and since the law of chemical equilibrium dictates that 

reaction 2 must proceed to the right hard side a higher proportion of free 

M atoms is obtained. 

For example Allan 19 noticed trat msgnesium absorption was depressed 

by the presence of aluminium in the sample solution. Elwell arrl Gidley 63 

showed that the principal interferents in Mg determins tions are those tm t 

form acidic stable oxides at high temperatures and postulated the forrration 

of an Al-Mg mixed oxide in the case of aluminium suppression; 

63a verified the formation of a spinal. 

x-ray work 

From the second and third stages of equation 1, Price argues that it 

is clear why metals forming refractory oxjdes give low sensitivity at lov 

flame temperatures. The use of the high temperature nitrous oxide-acetylene 

flame increased atomization efficiency on two counts, a) by increased 

temperature, b) by removing mare of the oxygen, thus moving the equilibrium 
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in the third stage to the right hand side of the equation. However the 

low atomization efficiency in cases where the most stable refractory oxides 

are farmed still continues to be a problem in flame atomization and 

research continues in this area. 

iii) Ionization interference. 

/ is further affected when a sienificant proportion of atoms in the 

sample becomes ionized, the ion.s having a different absorption spec.t:rum. 

When free electrons can be supplied from a second metal in the flame an 

enhancement is experienced in the absorption si~l of the metal analysed. 

Although it appears as an enhancing interference effect it is really a 

decrease in an existing interference: ionization of the analyte, resulting 

in a reduction of the ground-state atom population. This effect is most 

often encountered in the easily ionized alkali metals. As the concentration 

of the wanted metal increases ana/or a secon:l ionizable metal is present in 

an unlmown ooncentra tion the proportion of ionized atoms is decreased by an 

indeterminable amount. 

Use of higher temperature flames such as tre nitrous oxide-acetylene 

flame to 'crack' refractory oxides increases the proportion of ionized 

atoms. However addition to sample and standards of an excess amount of an 

ionization buffer (a second easily ionizable ire tal) alleviates this 

interference e.g. caesium can provide enough electrons to prevent the 

ionization of potassium: 

Cs Cs + e 

+ e K 



Inter~erence in the Abs<?_rption of Light. 

After the production of free ground-state atoms in the flame only 

spectral interferero e can occur. These interferences while not altering 

the actual number of atoms in the flame affect the specificity and the 

amount of radiation absorbed. 

Spectral interferences can occur a) when radiation emitted from 

elements with spectral lines very close to the analyte resonance lines in 

the analysed solution is measured, b) when two elements in the analysed 

solution have resonaroe lines very close together (e.g. Gallium 403.298 

nm interferes with Mn 403.307 nm 64 and Cobalt 253.647 nm interferes with 

Mercury 253.652). 65 Interference of type (a) can be corrected by using 

a detector tuned to a modulated light source. 

A special type of spectral interference arises when volatilized 

molecules in the flame either (i) have absorption bands at the wavelength 

of the analyte resonance line or (ii) exist in particulate form of the 

necessary size to cause light scattering of the incident beam to occur. 

Both of these effects are included in the term "background absorption11
• 

These solid particles may be caused by the flame's inability to vaporize 

clotlets from a solution with a high content of dissolved solids or may be 

due to the formation of particles (e.g. of carbon) in the flame itself. 

Initially molecular absorption was ignored and all interference of this 

nature was labelled 'light scattering'. Willis 66 reported the 'scatter' 

caused by 5% solutions of NaCl, JSS04 and a 2% solution of CaC12 aspirated 

into an air coal gas flame, and suggested using a non-absorbing lire 
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adjacent to the resonance line of the metal to determine overall background 

absorption. Earlier workers had also emountered 'higher apparent 

absorption' when metals were analysed in the presence of relatively large 

concentrations of other salts. 67 , 68 

69-71 In a group of three papers Koirtyohann and Pickett discussed the 

contribution made by light scattering to background absorption using both 

theoretical considerations and experimental results from a method employing 

a hydrogen continuum lamp to measure background absorption. Using a long­

path burner 72 they obtained molecular absorption spectra for several salts. 

The maxima and minima of the spectra are shown in Table I 1. 
Table I 1. 

SALT CONCENTRJ.TION ppm MAllMA nm MIND/A nm 
. -- --- --
KI 2000 .32.3 2.30 21 9 295 .395 

NaNo
3 

10000 2o6 228 232 210 267 290 

KCl 10000 248 220 292 

KBr 2000 218 251 274 243 258 355 

NaCl 10000 241 215 292 

From these spectra they showed that the major component of background 

absorption was not scattering but molecular absorption due to molecular 

species not being dissociated in the flame. The spectra predicted by the 

Rayleigh scattering formulas increase steeply toward shorter wavelengths. 

This certainly was not the major effect observed in the spectra of 

Koirtyohann and Pickett. Calculations based on the Mie scattering theory 

(as the particle mean diameter was too large to utilise Rayleigh's formula) 



gave an expected light loss of 0.177& at all wavelengths dw to scattering 

by particles and 4.6% light loss at all wavelengths due to scattering by 

water droplets. Reported losses were much higrer, establishing the 

importance of molecular absorption in backgrourrl interference compared to 

that of light scatterine. 

To overcome large background absorption from solutions of high solid 

content (e.g. brines and sea water) it rray be necessary to remove the 

analytes by selective organio/aqueous extraction or, if the background 

absorption is not too severe, to ensure that the sta ndards are similar in 

composition to the sample itself'. 

b) Interferences in Flame less AbtJorption Cells . 

Early workBrs cJa ined two major advantages of t hese cells over flame 

cells.31,34,35,37 

i) the sample did not require pre-treatment 

ii) very few interferences occurred. 

Work carried out at the time largely supported these claims but as more 

elements in increasingly variable matrices were analysed some limitations 

were discovered on the successful use of flameless devices . 

18. 

Kirkbright 27 noted that more interference effects occur in the use of 

non-:f'lame cells than in flame cells although refractory oxides are not as 

troublesome. Moat interference work has been initiated by the unpredict-

ability of some results obtaired in the course of preliminary investigative 

work on non-flame cells using elements in various ma trices. Of the four 
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papers 83, 95 , 76 , 103 in which interference is studied more exhaustively 

only limited theories have been advanced. In the main, however, the 

extent and meohanism of the interference experienced have been unpredictable. 

A discussion along similar lines to 2 (a) will be presented here am 

all the reported interferences pertinent to each section wi ll be briefly 

outlined. A brief summary of the autqors' conclusions and theories will 

* also be given. 

For the concentration of analyte atoms (atoms cm-3) produced by a 

non-flame cell, n
1

, Wineforder 53 gives the folloving equation 

(2) 

where N = A vogadro' s number 

( -1 C = bulk concentration of the analyte moles 1 ) 

~ = atomization efficieroy 

V
8 

= solution volume placed in the atomizer 

V = volume in the vapour into which the atoms are vaporised 

-1 -3 = conversion factor from moles 1 to atoms cm (LHS) 

= dilution of analyte in conversion from solution to atomic vapour. 

In most flameless atomization cells the heating process is in three 

stages. After deposition of the sample on to the device the solvent is 

* work prior to January, 1973 (the date this work was commenced) will be 

presented here in the introdootion in order to give the foundation of 

this work. Any relevant work reported after this date will be used 

in the Results am Discussion Section (III B) to compare with or support 

the present author's results ani conclusions. 
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evaporated by gentle h~ating (over 20-30 s) at a temperature slightly 

above the boiling point of the solvent. Any residue (organic or salt) is 

removed in a second stage of heating at a higher temperature before a final 

burst of current is given to the device (2-10 s) to atomize any of the 

elements left from the sample. This system is simple compared with the 

flame because the sample is normally placed directly on to the atomizer 

as a solution or in solid form. Thus aey term corresponding to aspiration 

efficiency (f,) and solution flow rate (F) in the flame is not required here. 

However, there is one factor which can affect the analyte concentration prior 

to a tomiza.tion. A discrepancy may occur during transference of the vecy 

small sample ( typically 5 ,,.ul of a 1 ppm solution) from the bulk solution 

to the atomizer, altering the effective concentration of the sample with 

respect to the bulk solution • Matousek and Stevens 75 gold plated the 

.stainless steel components of the syringe to prevent the exchange of metals 

from the steel with the s elution. Dipierro arrl Tes sari 
76 

used a 

polyethylene capillary to prevent the detection of spurious sit;nals in 

nickel analyses from the nickel in the reedle. Both Bratzel et al. 
77 

arrl 

Reeves et a1. 78 reported the loss of Ag by electro-deposition on to the 

needle. Kubasik~ a1. 79 used teflon tips on a Hamilton syringe to avoid 

interference from any ionio exchange with the stainless steel needle. This 

interference can be overcome by allON~ the solution to have contact during 

transfer only with inert substances (e.g. gold, teflon, polyethylene). 

Allowaooes for this factor could be made in equation (2) by substituting 

C
8
["actual concentration of the sample in atomizer (moles 1-1 )l for C. 



Atomic Vapour Volume (V) 

A form of interference can cc cur here especially when standard 

solutions have viscosities and surface tensions differing from the sample 

solution. If the distribution of the atoms over the surface of the 

atomizer is altered the vapour voluire into which the atoms are vaporised 

is also changed and consequently when the results are compared with 
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analyses from dii'ferent solutions a dii'ference will be evident. Examples 

of this are quored in the literattn"e. Matousek and Stevens 75 applied 
a 

xylene to the rod to prevent blood samples from soaking into the rod 

giving different results from an aqueous sample. L'vov 31 noted an 

improvement on using a tantalum metal liner with his furnace, ani applied 

a 0.3% polystyrene solution to the sample electrode tip prevent~ the 

sample from spreading non-uniformly over the surface and hence V was 

similar for solutions of similar physical properties. Later 

pyrolytically-coated carbon was used both by L'vov 11 
and Matousek 74 to 

give reproducible dispersion of the sample over the atomizer surface. 

However some workers 79-81 noted very little interfereroe even when 

solvents of very different physical properties were used. 

Atomization Efficiency Cp). 

This is the same parameter as that used in the fJame. H~ever, 

behaviour of the same analyte solution is very different in the two sys terns 

(flameless compared with flame). 27,31 ,32 

Flameless. atomization is a much simpler process in one respect 

because the solvent and most, if not all, salts and organic matter have 



been removed before atomization occurs. Al though the I matrix' from 

which the sample is atomized in the atomizer is simpler than in the 

flame, interferences of varying degrees of severity have been noticed. 

A summary of most work is given belcw. Because of the transient reture 

of the signal there is an element of conjecture in most theories 

presented. Also, no 'concrete' evidence (in the form of stable 

compounds) can be collected in interference work as in the flame 
63 ,

82 

cwing to the very small amounts of sample used (10-9 10 -12 g). 

It should be pointed out that the atomization efficiency can be 

affected in two stages of the heating cycle. During ashing, compounds 

stable at elevated temperatures can form on the atomizer surface 

inhibiting the release of free analyte atoms in the atomization stage. 

Alternatively, stable compounds of low volatility may be farmed which 

may be lost from the atomizer during the ashing stage. During 
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atomization, stable compounds can again be formed at elevated temperatures 

on the atomizer slll'face or in the vapour phase before absorption of 

radiation occurs; spectral interference can also occur here. L'vov 11 

recognised the limitation that ionization of the analyte imposes on the 

determination of some elements, especially the alkali iootals. 'I'be 

discussion on ionization in section 3 applies in full to the flameless 

atomization system also. 

Chemical Interferences. 

L'vov 31 looked at the standard curves of twelve elements using his 

crucible apparatus and noted tmt "because of the complete dissociation 



of the molecules ••••••• the effect of the composition of the sample on 

the analytical results is eliminated as these effects are produced by 

changes in the degree of' dissociation of certain compounds". He 

analysed manganese in the presence of NaCl, Pb(No3)2• At Mn/X ratios 

of 1 : 10 to 1 : 10000 no interference was observed. Al ( 1 OOO ppm) did not 

affect the signal. However, G-. Baudin ~ ,tl .83 using a Kir.g furnace 

23. 

(very similar to L'vov's crucible) obtained several types of' interferences 

by atomizing Fe, Ag, Cr, Cu, from solutions containing various other 

chemical species including metallic cations •. They listed four types of 

possible interfereroes: 

a) physical effects (e.g. variation in the volatility of the elements) 

b) absorption by molecular compounds (spectral interference) 

c) formation of stable compounds in the solid phase (during ashing) 

d) foruEtion of compounds in the gaseous phase (durL"lg atomization) 

From their results two main conclusions about interference were 

made when an element is atomized in the presence of a matrix (i.e. 

* matrix interference), The presence of a matrix conta ining the analyte 

• An unfortunate use of too term 'matrix interference' in flameless 

atomic absorption literature could lead to some confusion when 

coopared with fJsme atomic absorption. In the former system 

' matrix interfereroe' is used when aey component of the test 

solution (usually of' a h~her concentration than the analyte) 

interferes in aey way with the analyte's absorption signal whereas 

in the latter system the term ' ma tr:uc interfereme' implies that 

the bulk properties of the solution (surface tension, viscosity etc.) 

alters the absorption signal. 



in the atooizer interferes 

i) by creating a fractiomtion in the 

volatility of the elements 

ii) by forming volatizable compounds 

capable of molecular absorption. 

Matousek, Amos, and Stevens~ !!l· in a series of papers using a 

mini-Massman furnace noticed some interferences. Matousek 84-

reported the effect on the absorption peak height obtained when 

analytes were atomized from several solutions of different matrices 

and mentioned the effect of some parameters (e.g. voltage/time 

settings) on the peak height. He concluded here that the peak 

height is proportional to the vaporization rate and the presence 

of arzy- extraneous ions present in the sample decreased the peak 

height only by decreasing the vaporization rate of the analyte. He 

suggested the use of an integrated signal rather than the peak height 

to· counteract the interference. 
38 

In a later paper .Amos et al. studied the absorption 

signals from lead in the presence of several coumpounds 

(HllC\, NaCl,KCl, .MgC12, CaC12) all being present in blood. 

Depressive interference occurred in varying degrees with all of the 

compounds, but was reduced by using an argon/hydrogen atmosphere and ~ 

a limited field of view immediately above the rod. The hydrogen 

gas provided a redooing atmosphere by supporting a hydrogen diffusion 



flame. A thousarrl-fold excess of' Al did not affect Mg 

determinations whereas the presence of H/~\ .. did by 6(% (depression). 

The authors proposed that the interferere e was caused by incomplete 

dissociation of molecules formed either in the solid state or vapour 

state in the presence of large numbers of extraneous ions, rather 

than by different vaporization rates. 82 
Later Brodie arrl Matousek 

found that the volatility of compounds which could be formed was 

important in interference considerations e.g. lead analysed in the 

presence of free Cl-. It was implied that some of the lead was 
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vaporized as PbC12 before dissociation of the remainine lead compounds 

occurred on the rod. Although vapour phase decomposition of PbC12 

occurs, the net effect is a reduction in the peak a tom concentration. 

Because the area under the absorption-time curve was unHffected it 

was concluded that interference is a change in vaporization rate. 

Further work 75 used a synthetic blood standard for analysis 

of Mg, Fe, Cu, Pb, Zn in blood without aey direct interf'erence studies 

being reported. Stevens 85 presented a graph shov1ing the suppression 

produced on a copper signal by concentration of O - 10 g J~1 of 

NaCl and KH2ro
4

, all ions being present in the blood. Standards 

were prepared with NaCl and KH2ro
4 

present, a 2~ depression in the 

Cu signal being recorded for concentrations of NaCl and KH
2

F0
4 

2 g i-1 • 

Na+ and K+ as nitrates also depressed the Cu signal. No theory was 



presented. Other interference effects from atomizers similar to 

that of L'vov include the following: 

a) Lead signals in the presence of increasing sodium bicarbonate 

concentrations were depressed to a minimum of 4 <:fo of their 

original value. Sodium chloride enhanced Cu signals; the 

enhancement increasing as the concentration of NaCl increased. 

Cr,Pb,Sn, & As all gave depressed signals when atomized from 

river water matrices. The bulk of the interference was 

attributed to the presence of NaCl in the sample solution 

(sime all natural waters contain NaCl). Hem e the effect of 
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NaCl on Cr and Pb absorption peaks were studied. The Pb sioonal 

was reduced by 3~ at a NaCl concentration of 300 mg cm-3 while 

Cr was not affected at all. Thus compounds in the water other 

than NaCl must also be interfering. However no theory was 

presented and the authors stated that more extensive work was 

needed before generalizations could be made with respect to 

matrix interferences.36 

b) Segar and Gonzalez made attempts to determine eleven elements 

atomized from sea water matrices. 87 Loss of even the 

involatile metals apparently occurred when removal of the salt 

matrix was attempted and consequently most elements could not be 

successfully analysed. The total salt content critically 

affected the recovery of most of the involatile elements, 



-1 especially copper whure a total salt conc entra tion of 0.1 g 1 

reduce_d the response of a 1 00 mg 1 - 1 Cu signal by 87;~ compared 

to a si8na l from Cu in distilled water. Mg salts interfered 

more than sodium salts and sulphates interfered more than chlorides. 

Mn, Co, and Ni also experienced signal reductions in sea water. A 

graph of absorbance versus percentage salinity was presented for a 

s tandard concentration of Cu - severe interference is shmm. 

c) An investigation of the effect of eleven cations on cadmium 

determinations ga ve no interference while 200 ppm KC1, 500 ppm NaCl 

severely depressed the signal and 1 OOO ppm KC1 and 1 OOO ppm NaCl 

enha nced the signal. 88 

d) Severa l ca tions a t 1 OOO x excess with Ag and Au gave< 1 O}~ 

change in absorption signal. 77 

e) Chromium was analysed i n the presence of five s odiun s a lts 

interfered by depressing the Cr absor ption signal. Of six 

c a tions investie;ated in a hundred-fold excess only cobalt and 

iron interfered, causing a 3~ loss in the Cr s:ignal. When 

attempts were made to analyse chromium in sea water the Cr 

signal was reduced by suspected loss of Crc1
3 

during the 

27 



ashing stage. Addition of ethylenediamine tetraacetic 

acid as the disodium salt.to the solution forming an 

89 EDTA-chromium complex alleviated the problem. 
I 

f) An investigation was carried out on the effect of five acids, 

three cations as chlorides, and two cations as nitrates 

(0 - 500 ppm) on beryllium determinations. Phosphoric and 
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sulphuric acids enhanced the s jgnal, the enhancement increasing 

with concentration, while hydrochloric acid had no effect and 

nitric acid depressed the signal. Calcium (as nitrate) was 

the only cation to significantly affect the Be absorption 

signal (by depressing it) but the effect was removed by the 

addition of H2so
4 

to the test solution. No coherent theory 

was presented although the author suggested that it was a 

chemical matrix effect. 90 

g) Investigations on the effects caused by high concentration 

of metal salts in solutions containing an analyte. Some 

interfered and the authors linked the amount of' interference 

to mole concentration suggesting that the atoms under 

measurement were enveloped inside the salt particle preventing 

the absorption of an,y light. 91 

Meanwhile several other groups and individuals were 

investigating operation parameters and interference effects using 

atomization systems other than the ones mentioned above. 

Interferencesexperienced, the systems used and the literature 

references are tabled below. 



Ref. 

92 

93 

TABLE I 3b 1. A tabulation of the effect of some interf erenc es ex;:,erienced with a g iven 

element using the systems noted1wi th the literature reference. 

System Element Int erfer ent 
used 

exposed Cd 13 ea tions 

carbon Al, Au., As, 

filament Bi,Ga,Hg,In, 

with Ar K, Mg,Na,Pb, 

atmosphere Sn, Zn. 

same as in Au Al,Ce,Co,Cr, 

92: two Cu, Fe, Li, 

rods mounted Mn, No, Ni, 

one above Pd, Pb, w. 
the other 

Type of 
Interference 

Depressive 

Depressive 

Degree of 
Interference 

Authon' 
Conclusions and remark3. 

Some a) cold atmosphere above rod (no diffusion flame here) 

severe gives rapid condensation of atoms 

others b) transient nature of signal and slow recorder 

slightly response 

> 30';& 

in some 

cases; 

all 

c) otre r atoms are mare rapidly condensed than Cd. 

Most work was on fluorescence but shaved that inter­

ference occurred in the absorption of radiation. 

Interferem e is in the vapour phase; as the 

observa tion height above the filament increases so 

interfered does the interference; as vapour cocls it reacts 

with gold, which i) may be oocluded by in\ierferent or 

ii) may react with interferent in 

vapour to give intermetallic 

compound. 

i) is supported as no chemical affinity exists among 

the inte rf erents. 

limited field viewing decreases the interf erence. 

I\) 
\.0 
• 



System 
Ref. used 

94 Same as 

above 

95 as in above 

with limited 

field of 

view at 

grazing 

incidence to 

filament. 

96 as in 92 

Element 

Ag 
Bi 

Cd 

Cu 

Hg 

Mg 

Pb 

Tl 

Zn 

Pb Al 

Mg 

Interferent 

62 cations 

arrl anions 

at 1 OOOx 

excess. 

Tables in 

paper 

Several 

compounds 

24 cations 

Type of 
Int erf erero e 

Of those that 

interfered 

all 

depressed 

the signal 

depressive 

Degree of 
Interference 

Some 

slight 

some 

very 

severe 

e.g. 

Mn on Cu 

decreased 

14 

Authors' 
Conclusions and remarks 

Suppression in gas phase due to interaction 

between the atomic species concerned arrl the 

cloud of condensing vapour. 

Elements farming refractory oxides did not 

produce many interferences. 

Elements most frequently interfering all had 

boiling points less than the maximum filament 

temperature:. atomised with analyte:-

co-crystallization and rapid condensation occurs 1 

I 
in vapour after atomization. I 

: , view at grazing incidence to rod. 

none 

degree of interference is related to amount of 

interfered concomitant present rathar than ratio to the 

at 1 OOO x are lyte 

cone . 

6 at 1 OOx 

\>I 
0 • 



Ref. 

97 

98 

99 

System 
used 

as in 

92 

as 

above 

as 

above 

Element 

Ag & Cu 

in 

lubricat~ 

oils 

Ni 

Fe 

Interferent 

10 cations 

only Ba 

interfered 

seriously -
Several 

cations 

22 cations & 

anions in 1 o, 
100, 1000 x 

excess. 

ammonia & 

ammonium 

phosphate 

Type of 
Interference 

D,epressive 

Depressive 

9 metals 

depressed the 

signal at 

1 OOOx level 

only Cr & Co 

interfered at 

1 Ox l evel 

enhanced Fe 

signal 

Degree of 
Interference 

Various 

Authors' 
Conclusions and remarks 

None 

Supported earlier work 

i) interfereroe occurs in vapour phase 

ii) interference is temperat'lll'e independent 

Large inte rfet" ences occur with metals of 

similar volatility to Ni.;. variable atomization 

of compounds on the filame;-it is ~ a factor 

influencing interferences. 

Mechanisms very complex. 

proposed mechanism: 

forrmtion of colloidal FeOH as OH can't 

penetrate into filament 

\.,.I 
~ 

• 



Ref. 

42 

76 

·System 
used 

Ta w 
and 

graphite 

boats 

Carbon 

rod 

Element . 

Mo Al Si 

Na 

Ni 

Interferent 

Cl 

SO 2- NO 2-
4 3 

Cl from 

NaCl 

Type of 
Interference 

Depressive 

giving greater 

curvature of 

analytical 

curve 

Degree of 
Interference 

Authors' 
Conclusions and rermrks 

Compounds resisting decompositon should 

be avoided -

expected loss of Al in presence of 

chlorides as AlCl 

Related interference to decomposition of' Ni 

salts i. e. predicted results 

i) NiCJ.2 - vaporizes at low temp. without 

decomposition 

ii) ox:yanion salts - decompose to NiO as 

intermediate (the temp. was maintained 

at> 6oo
0
c for 1 min. before atomization 

to convert Ni sa 1 ts to NiO and thus to 

free Ni.) 

iii) nickel oxylate decomposes directly to 

. metallic metal which can be atomized 

In ii) recombination to NiO occurred in 

vapour phase. 

\.>I 
I\) 

• 



Ref. · System 
used 

100 

101 

HGA70 

Ta 

ribbon 

Element 

Cu & Ni 

37 
different 

elements 

used, 

Pb most 

studied 

Interferent 

N0
2

-
3

,HC1 

H3 P04 

HN03,H2so4 

Type of 
Interference 

Depressive 

Depressive 

Degree of 
Interference 

50;°b signal 

reduction due 

to loss in 

dry~ stage 

Varied 

Authors• 
Conclusions and remsrk.s 

Cu - oxy-anion salts decompose to copper-oxide 

Copper (II) chloride decomposes to Cu (I) Cl. 

CuCl lCYrVer bp than CuO and different rate of 

evaporation. 

Explanation doesn•t work for Ni,: . suggested 

reduction of CuO to Cu metal on the carbon 

different rates of reduction. 

NiO - Ni in presence of carbon sulphate arrl 

phosphate more difficult to reduce explains 

results. 

a) loss of sample through abrupt 'spurt' at 

high temp. prior to atomization 

b) density of atoms decreases due to thermal 

expansion at constant pressure 

c) line broadening, due to expansion and added 

turbulence of the inert gas at hisher temps . 

\.,,I 
\.,,I 
• 



Ref. 

102 

System 
used 

Ta 

filament 

Element 

Cu 

Fe 

Cr 

Interferent 

a) HCl 

b) perchloric 

c) HN0
3 

d) tt3P04-

Type of 
Interference 

a) depressive 

b) none 

c) enhaming 

d) enhanc~ 

a) none 

b) depressive 

c) none 

d) depressive 

a) none 

b) enhancing 

c) depressive 

d) depressive 

Degree of 
In terf erem e 

Author's' 
Conclusions & remarks 

moderate 

slil#lt 

moderate 

slight 

rmrked 

marked 

moderate 

slight 

i) Cl on Cu suggested loss of Cu as Cu61 

before atomization 

ii) a) perchloric on Fe due to greater rate of 

oxicle forrr.ation in the presence of 

perchloric 

b) perchloric on Cr due to oxidation by 

perchloric to readily dissociated forms 

iii) stable Cr oxides formed in presence of HN0
3 

iv) a) phosphori& altered Cu rate of 

vaporization, increases Cu atom 

population in light path by the formation 

of phosphate wh:ich is less volatile than 

the chloride 

b) Fe+ phosphoric - formation of Fe (III) 

phosphate, more stable than Fe (III) 

chloride 

Nearly all interferences diminished by using 

higher atomization temperatures. Complex 

interferences are experienced with no coherent 

theory 

~I 



Ref. 

103 

41 

1 C4 

78 

System 
used 

Ta 

strip 

Element 

Al Cr 

Cu Fe 

Mg Mn 

Mg 

Cu 

Pt wire Cd 

loop 

car bon 

rod in 

Ar/H2 
atmos. 

Cu 

c arbon Ag Cr 

rod Cu Fe Mn 

Ni Pb Sn 

Zn 

Interferent 
Type of Degree of 

Interference I nter ferer.c e 

Al & P01f 

11.g 

Phosphoric 

components 

of serum 

P043- Na+ 
K+ Mg+ Cl-

Ca + Fe2 + Mn2+ 

Depressive 

Enhanced 

depressive 

enhanced 

studied 

variat ions of 

r esponse Y.s 

height above rod 

marked 

marked 

varied 

Authors' 
Conclusions and r emarks 

No coherent theory su0gested; 

mor e work needed 

reduced rate of vaporization in the presence 

of phosphate 

no mechanism proposed 

no theory but combined effect in serum 

car.celled each other out, 

suggested change i n va porizeti on r a te .a..s 
the cause 

suggeste d gain in sigml when 

used r educing H2 f]ame as : 

MO + H2 

MO + H 

M+ H
2
o 

M + OH 

VI 
\n . 



In summary, several conflicting theories in explanation of 

interferences using flameless atomization devices have been proposed. 

It is: 

a) a vapour recombination effect, occluding atoms of 

the analyte 

b) a combination of components in the matrix resulting 

in rate-of-vaporization changes (analyte leaves 

device either too early or too slowly). 

c) the formation of compounds volatilised concurrently 

with the element but not dissociating, preventing 

the occurrence of atomic absorption. 

* Interferences in Light Absorption. 

' Background' absorption occurs when flameless atomizers are 

used, as it may do in flames (section 3a). In nearly all work with 

flameless atomization, results have been reported on background 

absorption from the matrix used. 

36. 

Light scattering f'rom carbon particles releas ed at high 

temperatures as 'soot' was an early problem 76, 31 but was largely overcome 

by using pyrolytic graphite. 32, 73 Molecular absorption has been 

* In flameless atomic absorption all peaks other than atomic absorption 

peaks are termed non-specific abeorp!ion; this includes background 

absorption (light scattering and molecular absorption). 



reported by L'vov 32 and Takeuchi~ a1.103 Abs·orption by vaporized 

potassium iodide in the 200 nm to 550 nm region corresponded to that 

reported by Koirtyohann and Pickett (section 3a). Very little other 

work has been done on distinguishing light scattering from molecular 

absorption in £lameless cells by other workers and both are usually 

covered by the term background absorption in al'\Y results reported. 

37 



OBJECTS OF THE PRESENT WORK. 

From the summary in the previous section on flameless 

atomic absorption interferences it is clear that further st udy needs 

to be undertaken to elucidate the extent and severity of some 

interference effects and their mechanisms. Few coherent theories 

38 

have been presented and some of the ex 7e rimentel results have not 

been entirely conclusive. More exhaustive study on arzy given system 

needs to be undertaken to establish more rigorous models for each 

system. 

In view of these points some carefully selected systems were 

studied here in more detail than aey reported elsewhere. Elements 

of similar and very different atomiz3tion behaviour were atomized 

from solutions containing the same chemica l species. 

Studies on synthetic solutions containing inorganic salts 

together with the analyte were made on three electrode systems to 

evaluate the severity and type of interference experienced using each 

system. 

Interferent/analyte concentration ratios were investigated 

in several systems at different instrumental settings to minimize the 

interference produced. Thus several systems were analysed to study 

the severity and type of interference produced, the chemical residues 

present after ashing,and to suggest the characteristics of the compounds 

affecting the analyte absorption signal. 



An investigation into the nature of the non-specific 

absorption peak was undertaken to give a better indication of 

the chemical form in which the interferent was leaving the 

atomizer. It was felt that a better tmderstanding of the source 

of this peak may clarify t he interference mechanism. 

39. 



CHAPTER II 

EXPERilifENTAL PROCEDURE &. APPJ...R/\TUS. 

1. Instrumentation. 

a) Atomic Absorption. 

A Varian Techtron (Melbourne, Australia) .AA5 Atomic 

Absorption Spectrophotometer equipped with an HTV R196 

photomultiplier operated in the high gain mode as recommended 73 

was used throughout all experiments. 

The AC amplifier operated in the transmission mode was 

coupled to a recorder balanced to give a full scale range of 

0 - 1oq;.; transmission except in a few experiments (indicated) 

( r/ - ) where scale expansion was used 50 - 1 O(J,,o T = f. s. d. • 

optical system was set up for optimum efficiency with the light 

beam at grazine; incidence to the rod unless stated otherwise 

(section I 3b). 

All the lamps used were manufactured by Atomic Spectral 

Lamps Ltd. (Varian Subsidiary, Melbourne, Australia) except the 

cadmium lamp (Activion Glass Ltd., Special Products Div., Halatead 

England). The manufacturers' recommended operating current was 

used for every lamp. The aluminium lamp was a high intensity 

lamp operated without the secondary arc. Resonance lines u.sed 

are given in the text in the appropriate places. 

40. 
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Atomizers: 
A 1 0 cm laminar flame Varian AB 51 burner was used for 

a:ix-acetylene flame work and a Varian AB 50 5 cm laminar burner for 

nitrous oxide-acetylene work. The burner was replaced by the 

workhead of the Model 63 CRA Carbon Rod Atomizer (Varian Techtron) 

for flameless atomization (Fig. II, 1). Power was supplied to the 

workhead by the CRA power pack at three different variable voltages; 

* 
dry O - 1.8 V, ash 0.4 - 4V atomizer 2 - 9V for varying lengths of 

time (5 - 60s, 5 - 60s, 0 - ·10s respectively). 

An inert atmosphere was provided for the rod by 

supplying Argon to the workhead via a gas flow meter. Argon was 

allowed to flow (3.8 1 min.-1 for all experiments) throughout the 

entire cycle but hydrogen (supporting a hydrogen diffusion flame) was 

permitted to flow by means of a solenoid switch only during the 

ashing and atomization portions of the cycle (H2 flow rate was 

-1 
2.2 1 min. ). Water as a coolant flowed at a rate of 0.5 1 min. - 1 • 

From preliminary experiments in setting up the 

apparatus the masking plate provided on the workhead was removed as 

an arc between the steel plate and one of the support blocks could 

not be eliminated. This arc atomized some elements in the plate 

resulting in sporadic absorption peaks during the determination of 

aey of the constituents of steel (e.g. Mo, Fe, Gr. etc.). 

* These voltages are actual voltages and~~ correspond to the 

graduations on the voltage control knob which are linear O - 1 O. 



'"". : 

Clamping Screw Electrode 

Cooling Water Terminal Block 

Cam Lever 

Inert. Gas 

Fig. II 1. 
A cener al view of the workhead of the Varian Techtron Carhon Rod 
Ato:nizer used in thes e stndies. Notii::e the upright position of 
the cam lever in orcler to maintain tension on the electrode s ystem. 

V 

,. 



Recorder: 

The recorder used was a Rikadenki Kogyi fast response 

(0.35sf,s.d.) Model B161 recorder. This was coupled to the A.c. 

amplifier readout to give full scale deflection with a 10 m Vsignal. 

The attenuation was varied when amplification of the s1gnal was 

required. The recorder was of the null-balance-point zero type 

which prevented base-line drift during continuous operation. 

-1 -1 Chart speeds used were between 15 inches h to 30 inches min. • 

The former speed setting was used most of the time. 

b) Flame Photometry, 

Sodium was determined using a Gallenkamp flame emission 

photometer. 

c) Electrochemistry. 

Chloride determinations (in solution) were carried out 

u.sing an Electrical Instrument Laboratories' (EIL) chloride 

electrode system coupled to a Beclonan Electroscan, (Fullerton, 

California, u.s.A.) as readout. The Hg/Hg2so
4 

refereme elect.rode 

was connected to the refereme electrode terminal while the chloride 

electrode was connected to the glass electrode terminal. 

42. 



2. Electrode Types. 

a) Rod. Fig. II, 2a. 

This electrode consisted of a 55 nun length of Poco FX9I 

(Poco ~raphite Inc., Decatur, Texas, u.s.A.) 4.5 mm in diameter with 

a machined plateau 12-15 mm long in the centre of the rod reducing 

the thickness of the rod in this portion to approximately 2.2 mm in 

order to localize the heating. An indentation 1.5 mm deep and 

.3.5 mm in diameter drilled into the top of the plateau allows 5 pl 

of solution to be retained on the rod. 

Double cavity rod: a second cavity of similar dimension was 

drilled in the rod adjacent to the first (4.5 mm apart centre to 

centre). This enabled a second 5 p .l sample to be atomized from 

the rod under almost identical heating conditions. 

A description of the following two electrodes (b, c) is 

given in the literature. 74 

b) Tube :Furnace. Fig II, 2b. 

A 9 mm length of pyrolytic graphite 3 mm i.d. is held in 

position by tVlo support rods. Localized heating occurred at the 

rod-furnace interface resulting in the furnace being much hotter than 

the support rods. To facilitate sample injection a hole was drilled 

through the top wall of the furnace. 74 

A double cavity furnace was constructed by drilling two 

sampling ports 5 mm apart through the top of the furnace and down on 

43. 



retaining 
pin 

Fie- . II 2a , 2h, 2c . 

electrodes 

aligning pin 

• 

II 2c Cup 

Sket ches o.f the atomizer workhead and the three electrode syste;11s 
utilized in this work. The c up •;ind the fUTnace are made fro :n 
craphi te and then pyrolytic, , Uy coated whereas the rod is machined 
from very h :.:i.r cl r;-rahi te wi thC'n t any surface hardenine·· 



to the bottom inside wall to retain the samples within the furnace 

but allowing no mixing of the solution throughout the heating 

programme. 

c) Cup. Fig. II, 2c. 

A 9 mm length of graphite 3 nun i.d. was placed between the 

rods as shown. 

The voltage/time settings for each stage of the cycle 

differed from electrode to electrode and in the case of the rod, 

from rod to rod due to differences in electrical conductance. ~hus 

the temperature had to be obtained before any realistic comp.arisons 

could be made from one electrode to another. 

During the use of the three piece electrode systems (tube 

furnace and cup) tension on the support electrodes was needed to 

maintain the electrical conductivity throughout the whole power 

cycle. As the electrodes heated up expansion of the graphite moved 

the electrodes apart. Tension was provided by means of the cam 

lever (Fig. II 2) and thus during heating expansion was allowed for 

by movement of the support blocks apart and then being forced 

together again by the cam lever system on cooling. 

. 3. Analytical Reagents • 

All the chemicals used were of analytical grade purity. 

Stock solutions were prepared by dissolving the appropriate amount 



of analyte (in the form of the compound containing the anion of 

interest) in distilled double deionized water to give a solution 

1000 ppm with respect to the added ion. The more dilute solutions 

required were then obtained by successive dilutions with the purified 

water. The stock solutions were stored in polyethylene bottles 

while the weaker solutions were freshly prepared prior to analysis. 

4. Experimental Procedure. 

The solutions required for each study containing the 

appropriate concentrations of ionic species were made up in 5 cm3 

* polypropylene phials immediately prior to analysis. In most cases 

a 5 fil sample of the solution was micropipetted on to the electrode 

by means of an Excalibur set volume pipette equipped with disposable 

Teflon tips. These tips 'were replaced when the volume dispensed 

was not reproducible as when the tips were damaged in any way. 

Occasionally where indicated Hamilton rnicropipettes (Models No. F101 

NCH and No. 75 N/G) were used to dispense samples of up to 1 f' 1 and 

5)-Ll respectively. These syringes were used infrequently as care 

* Decontamination of the electrode was effected by heating it to a 

temperature above the optimum atomization temperature of the 

element involved and repeating the process until no more atomic 

vapour could be detected by the instrument. 
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had to be exercised to ensure that the analyte was unaffected by 

the stainless steel need.le. Other workers have also experienced 

this type of problem, which decreases reproducibility and varies 

the amount of analyte dispensed by the pipette. 75-79 

A temperature voltage programme was then chosen which 

dried the sample without sputtering, ashed the sample without 

causing loss of the elements and then atomized the sample over 

2.5 s. The atomizing temperature was chosen to be high enough 

that no memory effects occurred, yet not too excessive in order 

to prolong the life of the electrode. 

After each sample t he electrode was allowed to cool 

(,,.,30s depending on a tomization temperature) to,..., 30°c before 

placing another sample on to it. 

5. Recording and Treatment of Data. 

A fast response recorder was used to r ecord all the 

absorption peab . The % Transmission mode of the amplifier unit 

was utilised showing the absorption peaks to decrease from 1 oqi T. 

In every case at least three peaks were used for aey one result. 

If reproducibility was good (R.S.D • ..-.r 3%) then three peaks were 

used but usually five or more peaks were necessary to give a 

reasonable level of confideme to the results. From these peaks 



any peak (from a set of five or more) obviouszy outside a 

"reasonable" range was omitted before any further treatment of 

• results occurred. The absorption peaka were then read (to 

the nearest 0.1%) and averaged. The relative standard deviation 

(R.S.D.) was then calculated for each result according to the 

formula: 

R.S.D. 

The % Transmission values (mean and R.S.D.) were then converted 

to absorbance values by tables - all data is then represented as 

+ absorbance values - R.S.D • 

• Fran an experiment involving 45' atomization peaks on a 5,>Jl 

sample of 0.25 ppm Cu the mean was the same as for the first 

six peaka omitting one as being outside of the range. The 

only effect of increasing the number of repetitive samples 

appears to be an increase of the R.S.D. 
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C I:I A PT E R III 

RESULTS l!..ND DISCUSSION. 

Four elements were analysed from solutions contnini.n[; var ious 

chemic 2l spec ies at several different concentra tions. Three different 
,. 

electrode syst ems were ased ancl the effect of ii1e interferent on the 

absor ption s i gnul a t v::i.rious in.strwnental settings we,::, also investi8ated 

for ea ch sys tem. 

Hydro1sen Has added to the argon ntmosphere arotmd the a tornizers 

t o support a u.iffusion flame providing a reJucine atmosphere to minimise 

inte 1·fe r (;nce effects
38 

and to decrease the ntom poptLln tion decay r a te 

with respect to height 8bov e the rod. 78 

All r esults r eported on interference effec t s hnve been 

corrected for background absorption. 

A. Results 

Instrumental parameters 5ivi ng o ptirnw~ con.di tions for Cu 

absorption signals were chosen (see section II - 4). 

a re given in 'l'able III 1-1. 

Para r.ieters us ed 

'.!.'able I II 1-1. Parnrneters for Cu absor ption sigm ls using any of the 

three a tomizers . 

\lavelength (run) 324. 75 

Slit width (p) 125 

Dry Voltage 

______ T_i_m_e_~(s-) __ 20 to _ _::3_5 ____ _ 

Slit he:i.[;ht (run ) 5 Ash Voltage Li-.5 to 5.5 

Lamp current (mi\. ) 3 Time _.._(s_,),__ ____ 1"'5 _____ _ 

Atomize Voltage 5.5 
_____ Time (~L__ __ 2_.~5 _____ _ 

Gas Flov, II
2 

R 2 . 2 a te _
1 _1 __ m_i_n _____ fl.._r ________ ..:7 .L:;8;._ ___ _ 
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The optimu:n ashi ng setting was obta i ned by ato,:iizing a copper solution 

(2. 5 ppm Cu as Cuso
4 

in doubly de ionised distilled water) . An ashing 

temperature j ust below that a t which copper was lost from the a tomi zer 

before a tomiza tion was then chosen. Fig. III 1-1 . 

The atomize settings i'lere obtained by ntombing copper as CuC1
2 

in solution. Anal ytical curves wer e produced for s evernl a t oc1ization 

t emperntur cs . When good sensitivity and r eproducibil i.ty of signals 

was obtained, together vlith no memor y effects due to incomplete 

a tomi ~;ation, then this settin6 was chosen as the optimum one . (FigJII 1-2). 

At l ow a t omi za tion vol t oge settings it wa 3 necessary to heat the ator.iizer 

to a hic;her te11per a ture after each firin _:; to r er:!ove r es i dua l copper from 

the at o!:1iz er . This prevented accur.ul.:~tion of copper on t he atordzer. 

Subsequent s t ~ndard curves of copper as CuC1
2 

and Cuso
4 

in distilled 

water usin.3 these p~r ameters were almost linear between O and 2. 5 ppm 

(5 ppm for the rod). However slight devfotion from linee. rity e:dsted 

at hi[;her concentro tions . (This is to be e):,iec ted nnd P- thcoretica 1 

114 explana tion i s presented i n a pape r by Zcege1·s e t ol. ) • 

a ) ~~feet of some Alka li Halides on Copper. 

To compare the effect produced on copper (a s Cuso
4 

in solut ion) 

by several alkcli halides a series of sol utions with increo3ing ratios 

of 5nterfereny / {coppei7 vms prepared for each interferent. These 

solutions m:!re then atomized using the settinc;s in Table III 1-1 bu t 

with a longer ashing time of 35s. This all o1·1ed for the remova l of as 
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much salt as possible before the copper itself vtar, t. tornized. "' 

In order to verify that copper was not re;;1oved durini:; ashing a 

solution containing copper only (as CuC1
2

) >1a s atomized a t this 

and at lo-ner settings, The signal ob tained was constant. Howev er 

a t sli~htly hi~her settings the peak copper si0na l d ecreased as 

copper v,as J.ost during ashing. 

The results of this experiment are shown in ? igs. III 1-3 

and III 1-4. 

Serious interference occurred in all systems but one, even at 

such low {interf'el'en!7: ~nalyt~7 ratios as 1:1 and 2:1. 

Interfer ence effects at such low stoichiometric ratios clo not appear 

to ha ve t een report ed 1-J r eviously. Anor,1alies in the HaCl-Cu system 

were also noticed (see Fig. III 1-4) i.n the 1·et:; ion of 20: 1 to 30: 1 

({int erfer en~7 / (5oppe!.7 ratio) which havE:l been hitherto regarcled 

as 'safe' levels of HaCl in coppe1• a1~alyses by most wor kers. 

Ba ckg1·ound absorption wa::; checked for each result and if 

a ny absorption was detected, the analyte absorption signal was 

corrected accordinely. In mo,3t of' the systems background absorption 

during the atomization stage was low or non-existent. 

Signal Profiles. 

Diagrammatic representation of the type of signals obtained 

* With son e alkali halides a 'smoke' from the atomizer could be easily 

seen at concentration levels >100 ppm durir,s the ashing staee owing 

to the vaporization of the alkali halide. 
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Fi0 III 1-3. The effect of various anions and their correspond­

ing cations on Cu (as CuCl?.) analytical curves , using the Carbon 

Rod Atomizer optim.is~ for copper analysis. fhe anion concentration 

is 1000 ppm. 

Int er.ferd.nt : copper ratioa are a .• f ol: O\'/c ; 
Cu cone. 2.5 1. 25 .625 .3125 .1563 ppm 

X 10-3 2.5 1.25 .625 .03125 .01563 
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Fi e . III 1-4. The effec t on Cu absorbanc es (S)1l s amples of a 

?*5 CuS011 solution) cause <l by varying the cnncentrat i ons of 
T 

Na.Cl and KBr within the same solution. Three atomiz ers are 

used under conditions given in Table ITI 1-1. 



throughout these experiments and the condition associnted with each 

type is given in Fig. III 1-5. 

b) Effect of Added Anions on Copper. 

Series of Cu standards were l!"ia de up in concentrations from 

The effect of 

additions of the same anion (in the form of c orrespo11di11g acicls) vrae 

investiga ted. Each series was analysed on a carbon rod using the 

following parameters at several different ashing voltages. 

T&.ble III 1-2. Instrumental settings for .experiments inve stie;a ting 

the effect of added anions on copper signals at 

various ashing voltage settings. 

·,fovelength (nm) 324. 75 Dry 
Val tage 4 t o 4.8 

Slit width (p) 150 'l'ime (s) 20s 

Slit height (nm) 5 Ash 
Val t a ge X 

Lamp current (1nA ) 3 Time (s) 20 

Atomize Volta ge 5.5 

Time (s) 2.5 
Gas Flow .Ar 3.8 Rate 
1 min 

-1 H2 2.2 

Where no additional quantity of the anion wa s present the curves were 

almost identical. In the case of each salt, loss of Cu at 

concentrations) 1 ppm during the ashing stage occurred when ashing 

voltages ~ 7 .5v were used. Below this setting copper was presumably 

not lost during ashing, and the atomization process was uninfluenced 

51. 

by the anion present. This would indicate that Cu is not preferentially 

lost as CuC12 when Cl- is present compared with the atomization of Cu in 
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Cu only in solution 
ashing temp.= 400°c 

NaCl + Cu in soln. 
ashing temp= 400°c 
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Cu lamp BG 

Only Cu in solution 3 • 
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NaCl + Cu in soln. 6. 
ashing temp.= 650°c 
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Only Cu in solution 
ashing temp.= 8oo0c 
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Cu AA signal 

Cu lamp BG 

Fig. III 1-5. Peak profiles obtained from Cu atomization in 
the abscence and in the presence of NaCl. (BG = backgro ,md 

absorption obtained when using an H
2 

continuum lamp). 



2-the presence of two vecy different anions Ho
3 

am so
4 

• Hence the 

r t~te of va poriza tion theory is not supported by t hese results. 

Solutions containing 2.5 ppm Cu (as nitrate, sulphnte, 

chloric1.e) were investigated vrith varying amounts of' the corresponding 

anion added (as rnro
3

, rr2so
4

, HCl, respectively), us i ng the same 

conditions as above, Vl ith a r ange of ashin-'._; voltaees. Table III 1-3 

6 ives the results of these experinents . As was t he case with added 

a)Jcali hnlides , a sma ll excess of the anion (e . g . 4: 1) was e nough to 

provide a suppressive interference . Over a r anGe of ashing volt~ge s 

10-500 ppm of the added anion caused n suppr es sion of tl:e Cu ~tomic 

absorption by 20-3<:fo. The suppression is eencral l y not significr.ntly 

worse a t 500 ppm t li.nn a t the 10 ppm l evel, nor i s tl:e effect str,mgly 

Clodi f i ed by clw.nt:;~ the a sh ing vol t nge . 

In the light of these observations i t is evident tmt ca re 

still needs to be exercised nhen solutions obtained by acid dissolution 

of solids are analysed. Even at low concentr .:i tion lE!vel::; of the acids 

it is evident that both s t andards and .ser:iple solutions nee d to be vecy 

similar in acid concentration . Thus s t andards m.:ido up i n constant 

52. 

concentrations of acid would obviously be preferred in Cu determinations 

in a cid media compared with standards nude by simply dissolving 'pure 1 

salts in distilJ.od r,a ter. 



Table III 1- 3. 

Abs orbances obtained from a 2. 5 ppm Cu solut ion atDmized 

from the r od in the presence of increasine concent rati ons of a dded 

anions (HCl , mw
3

, n
2
sol,_) at various ashing voltat;e settings . 

A tomiz:1 tion conditions are g iven in Table III 1- 2. 

Added Anion 
Ai:ION CO!rCSiT~"..'.:.'IOIT (ppm) 

NO 
3 

+ 

0 

10 

50 

100 

200 

500 

0 

10 

50 

100 

200 

500 

0 

10 

50 
100 

200 

500 

ABS OHB.ll.l'ICES 

4. 0 5. 0 6.5 As :!i n,s Voltae;e Setting 

• 735 

.567 

.523 

.521+ 

.510 

. 535 

.680 • 714 

. 581 

.572 

. 590 

. 567 

.5G2 

.582 

.567 

. 571 

.557 

.560 

. 661 .689 .649 

.521 . 525 . 530 

.483 . 532 .512 

.480 .497 

.465 . 5o8 

.468 .502 

. 635 

.458 

. 473 

.480 

.472 

.500 

,646 

.493 

.482 

. 500 

.476 

.514 

.494 

. 509 

.690 

.493 
,490 

. 501 

. 512 

.533 

R S D = 0.020 for most result s . 
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The effect of tt
3

ro
4 

on Cu (as CuC1
2 

at 0. 625 ppm) wa.s also 

examined over an interferent/analyte c oncentrt. tion ratio of O to 2240. 

Some unusual features r,ere r evealed in the graphica l representation 

of the results (Fig. III 1-6a). \'/i th increasing amounts of' phosphate 

(from about 2 :1 to 60:1 phosphate:copper ratios) there was an 

enhancement of the Cu absorption sienal, the enhancement increasing 

steadily from about 1 Oi~ to 5ql over the above ratio ranr;e . Further 

addition of phosphate gave an additional but less marked enhancement. 

c) Combined effect of Ha.Cl and II3ro
4 

on Cu absorrtion signals 

using the three electrodes . 

Ins trumenta l parameters (see Table III 1-1) except for the vol t Rge/time 

settin6 s ;-1hich nre listed in Table III 1-4 below . 

Dry Voltage 4. 0 Vol t e.6e 6. 5 
Time (s) 1L1--.0 Atomize 
Ash Volta6e 6.o Tit:le 2 . 5 

Time (s) 18. 0 

Previously copper had successfully been analysed in blood or 

serum r,1etrices by flameless atomizers. 1 01.i-, 35, 76 Ho\'lever, Stevens
85 

showed th.!t slight depression of the signal occurred nhile Glenn et ai.
105 

shorted that no interference by the serum 1'.lotrix was evident. In view of 

the high NaC l content in blood (1-3.5g lit:-1 ) 85 it is rather surprising 

that any copper absorption signals arc obtained at all . Here and 

1 · h SB d . f th C . 1 . . d t e sew ere severe cpression o e u signa is exper ience a 

concentrc:i tions nell below this level. However bec&use of the presence 
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3- ( . -1 of POl.1- in blood equivalent to 1.4-6.3 g 1 of KI-I
2

P01) and also due 

to the reported enhancement it proa.uced on the Cu signal, an 

7._ 

investiga tion into the combined effect of PO( and NaCl on Cu 

determinations na s considered to be worthwhile. It was thought t hat 

the enhancjng effect of FQi- balanced against the depressive effect of 

NaCl m~ht account for the lack of any appreciable interference 

expericnc ed in blood Cu determinations. 

Solutions containing increasing but equal amounts of NaCl and 

n
3

P0
4 

(forme r compound concentration is expressed as ppm of Ira and the 

latter as ppm of ro
4

) and 1.25 ppm Cu as CuC1
2

, were prepared and 

analysed usinc t he cond itions mentior,ed abO\-e on each atomizer. 

Result s of t he experiment are repr esented in Fi e . III 1-6 (b). Low 

concentra tions of the interferents {!,ave a suppression of the Cu sicnn l 

wl1ich rms however less serious than that with NaCl alone. After 

reaching a minimwn Cu signal at a ratio interferent:analyte of 160:1 

the si[sna 1 increased slightly, but even at a 1000: 1 ratio it was still 

less than the sioial from the pure CuC1
2 

solution. The loss of si.grol 

(as a >~ of the signal obtained from the solution containing no 

interferents} at the r:iinimum and at the 1000:1 ratio for each curve is 

i:;iven below. 

Atomizer t.'iinimum signal 

Interferent: ~~ Signal Interferent: ;)~ Signal 

Analyte Ratio Loss. Analyte Ratio Loss 

Rod 160 66 1000 60 

Furnace 160 25 1000 19 

Cup 80 55 1000 .30 
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CJ.early interference from the combination NaCl and tt
3

P<\. 

is less in the furnace than in the cup or the rod. However the 

ensuing restor.'.?.tion after the initial minima is most marked in the 

case of the cup. 

cl). Double Cavit;x: Interference Experiments. 

Agc;ett and V/est DO used a double rod system to determine whether or 

not the interferences observed occurred in the vapour phc.se. In 

the double rod system differences in atomization conditions between 

the two rods could exist, e.g. beceuse of slight diffcre1:ces in t he 

resistivity of the two rods. Consequently <lifferent resd ts would 

be obtained from the actual situation where the annlyte a nd interferent 

56. 

are volntilized froir_ the seme environr:1ent. A better nJ.te r nat ive would 

be experiments nith a rod h'1ving two i dentica l c avities as close as 

possible to each other a.nd of equal distar,ce fro::1 t he rcxl centre. 

Thus t he t emperature of these two cavities should be much closer t han 

the temperature of the c.:wities in two different rods. Furthermore 

where rocls nre mounted one above the other the turbulence pattern in 

the ga s flov1 around the upper rod would be cons iderably altered by the 

presence of the lower rod. Hence the n ixing of the two vapours could 

not be expected to simulate the actual situation very closely. The 

conditions for operation were then optimised with the light path 

focussed above one particular cavity into vrhich the Cu solution 

(1.25 ppm as CuC1
2

) was placed. Into the second cavity the 
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interferent (lraCl, H
3

P0
4 

or HCl) or, in the case of the blank, water 

was placed. Several different concentrn tions of the interferent were 

used. Si rnilnr experiments were cnrried out usinc a double cavity 

i\irnac e. 

A lower ashing voltage setting (4 ,5v) was u sed t 0 ensure that 

some of the interfere nt r e1w::ined on the atomizer unti1 fl tomization. 

The re:rnlts are presented in Fi gs . III 1-7 (o.) nnd III 1-7 (c), 

On the r :,d, severe depress ion of t he sioiDl occurred in the 

presence of even low concentrotions of Hnc1 · (10 ppm reduced the Cu 

HCl also slightly depres s ed the Cu absorption signal 

v;hereas n
3
R\ barely cJ:,..£.nged the siBnal from th,,-:i t vrhen H

2
o '.7aS added to 

the second c~vity. The degree of interference wo. :.; v er'J simil3r to 

th::.t reported. in the earlier exp eriment. :.3upl)1'GS!3ion of the signal 

c.lso occurred in the furnace YThen Ifo.Cl was used. Sup~ression 

inc censed ·,•ri th i~crea.si!1[; HaCl concentr3 tion. IICl a l.so suppressed the 

sicna l but the degree of suppression \'!as l es:., when the IICl concentrotion 

H.,P0
1 

suppressed t he si;ml at low c oncentr2.tion,3 
J + 

but doubled ti:ie sicml at a hisher conce ntrcltion (5000ppr:i). 

For comp~rison t No snmi)les of t:1e s~me solutions wer e :ri ixPd 

in t!1e sane cnv l t y on the rod and subsequently 2. toc1i?.ed, These 

result s are presented in Fig. III 1-7 ( c). 
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I:1 these experiments the siGnal is r educed by HC l and H
3
ro

4 
more t hnn in the double cavity experiments . Thi s is ensily expla ined 

by the closer pr oximity of the interferent to the enalyte i n t he 

s ingl e cavity compared v,ith the double c avity rod. Thus the a tomic 

va pour produced during t he atomization stage vroul d be r.ior e homnGeneous 

and mor e oi' the analyte a tor:is a r e rende r ed less eff i cient i n -U1eir 

li::;ht nbsorption properties in th.e former experiment cor.ipared with the 

lat ter . The u.ifferenc e between t he tv,o situations i s sli,sht compared 

with tl:e over a ll suppress i on of the s i c na l wh :ich i ndica tes that the 

inter ference :nechanism i s the some i n both cases . 

T' . Di::;cussion. 

I11 work reported after 1972 t he three mai n coni'lict~ 

theories on t he nechanism of interfe rence li::;ted in an earl i er 

::i ect .Lon ( page 36 ) have all r e ceived support i n one or mor e papers . 

Al t houy1 very little v,ork has y et been carried out in depth, several 

interesting hypotheses hove been suppor ted. 

\'for}: on Cr de t erminations in the presence of 20 cations 

,:, In the first ca se of Os mixi nc time the Cu solu tion (as CuC1
2

) was 

placed in t h e c3vity fir st ani durinc t he d1yini1 s taee t he s econd 

sa mple n a ::; added - keeping the surface of t he cavity just moist at 

a ll times . For the other points the co;,per ::iolution ,.,as c oupletely 

dried befor e adding the inter ferent for ~ixing times of 10 and 20s . 

(See Fig. III 1- 7c) . 
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as chlorides, 
105 

in analyses in the presence of 15 cation3 a ncl a nions, 106 

and determin.:,tions of' soluble Cd, Pb, Ag, In,in natural waters107 all 

showed interferences of v~rying amounts. In all cnses the nuthors 

sug0ested tha t the interferences were cauned by the occlusion of the 

annlyt e atoms within condensed !ll.'.l trix particles after volatilization. 

Jackson et al.1 0.3 consequently sum;ested thnt elements of similar 

volntili VJ to chranium would interfere the most while Rattonetti 107 

shoued that the nuppression of Pb signals from natural water.:; d icl not 

result froo loss of volatile Pb compound s dud.1~ drying/ashing as this 

temperoture was w:.ried f rom 50 - 300°c without a l terinc the Pb signal. 

1 OS 
Clark et a l. found tI12t with most element s interference occurred --
only when the interl'erent v,as present in r elatively h i e;h concentr'.ltions. 

108-113 
Other workers supported the hypothesis that the ease 

with which t ne annlyte wa s vaporized v,as altered by the thernnl 

stability of the salt fllc.ltrix which in t urn nffected the r a te of 

produc t ion of atoms decreasing t he peak height . A paper present i ng 

112 particul arly g ood nr gwnents is one by Lund6ren et al. Several 

11 5-118 
Yiol'kers suggested an interference mec!1anism involvins loss of 

the analyte by volntilization of undis soc iati.ng compounds. (See 

Appendix I for additional interfer ences reported between 1972 - 1974) . 

CJ.early, from the results in the double cavity experiments 

a ll the interactions investigated, except possibly for the tt
3

P0
4

-cu 

interaction, depress t he Cu signal by decreaning the efficiency with 



vrhich Cu ntoms are produced in the vn pour phase. These experiments 

indicate that the presence of any of the interferents studied i n the 

matri..'C has little effect on the initial atomiz<:ition efficiency of 

Cu, i.e. free Cu atoms are formed at t he sQme va porization r&te 

irrespective of the presence of an interferent. However once free 

Cu atoms h.evc been formed t:ie suppression of t r1e signa l cnn be 

considered to occur in t wo differe:it way s. 

i) molecul2.1· recombination of the Cu atoms rrith other atomic 

and moleculnr species in tl1c natri..'C voletilizecl by the 

atonizer. 

ii) conclomerate for~ation of matrix components entrappins the 

Cu nto:ns. 

'.'/i th t:i.e hel p of these tvro models an explanation for the 

different suppres s ions experienced when Cu is atonized in the p resence 

of' HC l and NaCl can be offered. Because I~l volntilizes ot a 

relatively low temper a ture little interference would be expected when 

IIC l W'.}s aton ized from the second cavity. However some HCl must still 

be present ot a tomization as the Cu si8nal is suppressed and since 

IICl crystal formation is unlikely under the experie1ental conditions 

used, the condensation of cuprous chloride in t he cooler vapour 

region above the atomizer coulc1 effectively r cd ... ce t he free Cu atom 

population. 
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In the case of NaCl it is possible for a. l'egular crystal 

or conglomera te of molecules to condense rapidly, entrapping a Cu 

ntom in the conglomerate or replacing one or mo:::>e sodium ions with 

copper ions. 

Capture of the copper atom within the crys te l can be 

con.sic1ered a s oc curr.ing in tvro ways. The atom is p~ys ically 

entr,:pped v, ithin t:i.e 'spaces' in the cryst al distorting the crystal 

but not b reakil'1(; aey bonds. Cu replaces one or more of t he cations 

in t:,.o crystal, v1hich is fea sible because of t he similnr ionic r c1dii 

-'- 0 
(Cu · = O. 96A , Na+= o. 97R, K + = 1 .33-~) a nd t.l-ie simila r electronic 

I , 

c onf i .::;u r ;~ ticn (-1· full 's' orbita l with a full 'p' orbital).
120 

The par ticles thus formed would be too sr.wll to c ause any de tectable 

light scc ttering -:-rith t he apparatus used. Conse quently the Cl1tl'appec1 

:;tom vr ould be unable to absorb any r .'.lclin t ion . S0rr1c of the chloride 

present from dis s ociated IfaCl molecules (see Discussion on Hon Atomic 

Absorption Penk page 86 ) co~lcl combine with the Cu a toms in the vapour. 

~, C 8lcula tions based on the Mie Sea tter ing Formulae 6 i v en by Kerker 119 

showed tlw t for an absorbance of .o6 to be ob tllined at 200 nm, usine 

a vievlini rectancle of vridth 1 o-4m and heicht 5 x 1 o-3m from a 5 pl 

s ampl e of a 1 OOO ppm NaCl solution, spheric a l particles with an 

average radius of 9 nm would need to be formed. This much larger 

than the partkle size considered as beihg forme cl here and hence no 

detectable lig1:t sea tterir1;3 would be expected. 



The rel::i tive i mportance of e ach mechanism is difficult to ascertain. 

The nixing experiments on the rod inclica te the. t al t hough mixine of 

the analyte and i nterferent seriously affects the HCl-Cu roechanism 

~\ 

(supposed Cu:/ly formation ) the NaCl-Cu su;,pressior! of the Cu siGnal 

is the same reeardJ.ess of' the tine a llo·.•red for mixing. If chloride 

formation vraG the most i mportant foctor the length of mixing time 

on the atomizer vrould be expected to alter the degree of suppression 

experienced. 

The furnace is more effective at r educing the interference 

because the vo.pour has a greater residence time in a high temperature 

zone. The conglomerate m3y still form, but a t a reduced rate, or to 

a reduced extent. 

In the cesc of HCl in t he doub l e cavity fm·ntlce the decrease 

in suppression experienced as the concentrDtion of HCl increases 

could be explair.ed by consic.erint; tr.e time lapse needed for the same 

number of Cu Cl molecules to form. 
X y 

At the highe r HCl concentration 

a much 0reater Cl to Cu r atio woulc. exist after a c iven time than 

at the loner HC l concentrations. Hore Cu Cl rno) ecules v10ulc1 be 
X y 

formed initially at the higher cor.centra tion but because of t he 

longer residence time in the furnace proe>ortionc.lly ir.ore of tbel!l 

woula. be dissociated, than at the lone r IICl concentrations. 

'~ In the vapour phase the principal species appea rs to be a trimer 

120 
v1ith alternnting Cu and Cl otoras. 

62. 



XCu + YCl - Cu Cl t t1 hi::;h c or.centrl'. tions ,- = 
X y 

of HCl v~pour present. 
due to gre ..;ter mixing 

xCu + YCl - ~ Cu Cl 
X " t = t 2 " 

Very little cuplyis formed due to 

very little mi.'d .. n t; t = t1 

low cone entrv. tions 

of HCl present . xCu + YCl Cu Cl t t ') W..! pour ~ = 
X y 

Sirr.iJ n r a r guments con be presented for KCl, HBr, NnBr, and KI3r . 

The molecular condensa tion r.iechnnism is f e voured for the very slight 

int erference ca used by IIDr and a comb i nn tion of t t is mechnr:i s m and 

the entrapme nt mec hc:nism f or the alkali h~ lides, 

The entr apment l'.lechanism of i nt e rfe1·enc c wouJ.d a c c()un t for 

the kinetic-effect-like curves obtaine d as t i:e i n t erfere:r. t 

conc entrc.tion is i 1:c reased because only n limited numbe r of Cu a toms 

c <1 n be entrappe d b efore the atomic cloud enters t he l i ght pa t h. 

I nt erfe r enc e a t low stoichioC1e tric i nte rferent/anal y tc r a tios 

exiierienced in this work c an still be expla ined in terl.l s of the 

entrt. pment th eory. The proportion of Cu atoms r emoved when the 

interferent is present at its lowest concentra tion toge ther with 

half the number of interferent molecules ava ilable for each Cu atom 

removed a re listed below . These results ore calcula ted from the 

graphs in Fig s . III 1-3 and III 1- 4 . 
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Interferent. Percentage of Cu atons r emoved 

(from signal decrease) . 

No. of interferent 

molecules / Cu atom. 
2 

NaCl 

](Er 

17 

19 

13 

34 

6 

5 

4 

7.5 

Interfe r 8nces by such volntile acids as 1IT·To
3

, IICl, n2so
4 

a re 

unexpected in that all of the acid should have been removed . 

However becc:;use of the remarkable uniforrr.ity in sicnal suppres s ion 

regnrdless of the acid anion present a similE. r mcchmlism mw.:: t be 

operntin£; i n a J.J. of the investiGations. If a molecular vapour 

c onL1ensat ion is considered to occur then it !:lust occur very r ~pialy 

in thcd, e:.dd ition~l cc i d cannot effec tively recbce t l1e free Cu ntom 

popul.::ition in the v~ pour. 

In the d iscussion on the enhancement by Hl'0
4 

of Cu 

absorption, Price ' s definition of an enhanc ement in atomic absorption 

will be accepted, viz . "an enhancement is a decrease in or a 

suppressive effect already present in the sys tcm11
• Tho question as 

to nhethe r or not the interference occurs in the va pour pha.se is not 

conclusively answered in the double cavity work . Only slir;ht 

differences in the absorption occur in the situation ,·,here H
3

P0
4 

is 

atomized from a separate cavity with one exception. Merked 

enhancement is experienced when 5000 ppm H/'0
4 

is atomized. from the 

second cavity in the fumace and the CuC12 solution is atomized from 

the first c~vity. 
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The form8tion of molecular comrounds between metal 

chlorides and graphite at elevated temperatures has been reported 

o 121a 
(e.g. c

13
cuc12 at 600 c). The formation of this nnd associeted 

compounds couJ.d effectively alter the r ate of V.'.lporiza.tion of Cu 

a toms from the atomizer. Because the enhnncement nt low phosphoric 

e.cid concentrations does not appear to occur in the vapour phase 

the forrn.'.ltion of Cu phosphote compounds such as Cu2P2o7 and 

Cu I-n=D
3 

xH
2

0 (these a r e readily formed under the experimental 

conditions), 121 b woultl alter the vaporization behaviour before or 

duri r.,s atomi zati on. The formation of these compounds nould. prevent 

any of the 0raphi te-c opper chloride compouml forming and because the 

former compounds a r c more easily dissocintcd tr..nn the latter the 

population of' free Cu ntoms is consequently incre<~sed. 

!.!uch grent er enhancement is experienced when a hit;ller 

concentration of Hl'0
4 

is present in the .<'ltomic V[>pour cloud. 

Evidently , the Hl'0
4 

vapour decreases a form depresdve intPrference 

normally present vrhen Cu solutions are atomized (after Pric e ' s 

9a 
definition of enhamement ) . A f airly com:;,rel: e r.sive li terfl ture 

search failed to illuminate the mechanism of the enhancement. 

Hore extensive experimental study is needed before a mechanism 

could be postulated. 
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A. Results. 

In order to optimize operating parameters , experiner.ts eimilar 

t o those used for copper ,·,ere carried out wi th Pb (as Pb (No
3

)
2

) in 

s olution. 

A se t of stnr:dz r d curves was obtuined (Fig . III 1-8 ) fo r the 

analysis of Pb (as Pb (No
3 
)) i n wa t er and in I·!E0

3 
u sing several 

diffe r er.t atorr. iwtion v ol tnges. The optimum Ash i nc voltage was 

determined as in Section III A (i) . Si mil"'r gr aphs to the ones us ing 

Cu were obtaine d whe n Pb vra s atomized. 

Because of the l ow vol&.tility of lecd a pr elimi nr.r y check wa : 

carried out on each a t omizer i n order to esfoblish tl:e O?timum 

parnmeters before each individual expe riment. 

'rhe inn trumenta l par amet ers usec1 t hrouc;hout the lead nnalyses 

are shown in Tabl e IJI 1-4. 

Table III 1-4. I nstrumcntc.l Par amete1·s for lend anal yses . 

Vol ta6e Ji .• 8 
\'favelcn[;th (nr:1) 217.0 Dry 

Time (s) 25 
Slit Hiclth (p) 150 Volta6 e 3. 0 
SUt he i Ght (nm) 4 

Ash 
Time (s) 14 

Lamp c urrer.t (r;,.A) 6 
Voltage 3 . 1 Atomize 
Time (s) 2.5 

G-as FlOVi Ar 3. 8 
Rat~1 

1 min H2 2. 2 
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a) Effect of added acids (2U) on Pb si6nals . 

Standa rd curves of Pb (as PbN0
3

)
2

) in hydrochloric e.nd nitric acids 

(both 2 r.'i) using the tube furnace as shown i n Fig. III 1- 9. A 

peculiar form of interference occurred at low lend c or.centrations 

(<. 05 ppm). This is a t a concentra tion lov,er tlrnn most other 

workers have shown on Pb standard curves and cor.sequently this effect 

has not been reported before . This experfoent v,a s r epeated u.sing 

different s olutions a nd the same effect r;as obtaine<l . 

b) Effect of NaCl and tt
3

P0
4

• A series of solutions 

conbini~ 2.5 ppm lead (as Pb (No
3

)2) and increa:..d.ng Amount s of 

IfoCl (0 to 5000 ppm Cl-) were atoi!lized frou the red . A sinilar 

set of solutions i·:as pr epa red cont a ining H:/,o
4 

nt conc entrutions 

bet\'leen O and 250C ppm R\3-. These v:ere r, l r: o a t ordzed from the 

rod . Both sets of results are present ed i n 'l'able III 1-5 . 
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Table III ·i -5. Effect of various c oncentrr,tion8 of ?:.1Cl ancl lLPO, on a 
) l f-

2. 5 ppm Pb absorption signal atouizcd fr om a carbon rod 

atomizer . .Atomization conditions arc given in 

Table III 1-4. --
Interfe:: r ent . Concentration (ppm) Ab/Jorba.nce . 

~, 
(~ chn~e of signal 

!Jc.Cl 0 .sex; 0 

5 .. 179 - 65 
20 . 1.1 0 - 78 

50 . 099 - 81 

100 . OS8 - 86 

200 • 0911- - 82 

11-00 . 160 68 

GOO • 091 - 82 

5000 . 078 - 85 

·---
!!~PO, 0 

) •I-
. 500 0 

1 . 25 .,~98 0 

2 . 5 . 509 ·I- 2 

6 . \5.5 - 9 

9 . li-13 - 17 
18 . 508 + 2 

75 .5!+1+ + 9 
187 . 500 0 

375 . 50!;. + 1 

750 .505 + 1 

1250 . 527 + 5 
2500 . Jli-4 - 31 



Bec ause of t rie low ashins volta ge used, t o a vojd the Joss of a ny lead 

pr:ior to atomization, a good proportion of the interferent wr:.~ sti 11 on 

tl , e ro,l for a tor:,ization. 

Conseciuently a severe sicna l suppressior.. is evi<'ie nt in the 

case of ?rac L even a t low interferent conc entrc1 tions of 5 ppm 

( Enterfere n~7 / { ;nalyt~71'rn i c;ht r :: tio = 2 :1. At a conc entration of 

1 00 ppm HnCl the s i .;na l is suppressed to a minimum and the suppression 

decreC1ses until 800 ppm after l'lhich n 'plo. teau' exists i n the curve. 

Although the :rnpp1·ession of the siGnal oc curs n t very l o·.'/ interfer ent 

c or.cen t rn ti ons Uw suppr ession i!:! nl t ered by the Gmoun t of int erfer ent 

present. 

.'\.ftcl' t he concentration of FD
1 
;;- h nD r c:::chl'<l 200 ppm very 

+ 

little i.nte rfe1•,mce ou cur ::, until much hi r;h er cone entl·atj ons n r e 

oncounte :i.·ou ( ,v25 00 ppm). However v:1rfa bl e c1.i.:'f. f.1 r e:,uu; i n the lead 

2.b3or ~)ti·:m s i .:nf:. l .'.1re sho,vn for r·o
4

3- concentrn t i ·ms of O - 200 ppm. 

c) Double Cavity I nterference Experiments. 

69. 

The s :,1i'1 e a to~:1izers useJ i n Sect i on r:n A 1 (a ) were u~.ili.sed 

h ere to inves ticr!t e the vapour- phase effect of f;c1.Cl , HC l, fL, ?O , II ,,so
4

, 
~· 4 ,. 

mro
3 

on l ec,<l nbsor:~tion siz n ::,ls. (See Fi g . I II 1-"i O for r .esults ) . 

T\,o 5 )ll sur:1ple::i were micro;,ipeti e d on to t he atomi zer 

surface and then dried , ashed and a tor.1ized 1.winG t~1e pnrnmeters listed 

Slic91t 

depression of the penk lead signal on the rod was caused by the 

add ition of 'pure ' vrater to the second cavity. Probably more of the 



o.~ 

o.o 

0 

0 

HCl EaCl H3!'0,1 TH:C\, T' " O 
) ' 2J 4 

I 

0 n ?O 10()0 0 10 400 5000 0 ::5 5000 000 1000 0 20 1000 
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Fig . HI 1-10b . A sirnn ar experL,ent t o that above( III 1-10a) 
w,:.:J carr i e d out us in0 a n .5pprn l ead :::.;olntion, on the double cavity 
furnace . 



analyte was absorbed into the top l ayer of' c raphite beca use of the 

sli5htly longer residence time on t he rod compored with tho 

atomiic:ition \'1her e only Pb solution present . 

v,ould be expected to correct this differenc o . 

Ar1 integr3.ted si[;nal 

I nt erference by tt
3

PC\ on the :Pb absorption follov,ed 

t he trencl in the earlier experiment Table III 1-5 . The c1eeree of 

i nterference was of the same r:11lL.,'11i tude as that in the earlier 

experirr1ent . 

I!/{\ had very little effect on the Fb siV1Sl. 

2 . I·bCl Fa irly uniform interferenc e occurred at t he t hree 

conce:1tr a tio1,n used n nd is only d i ffe rent fror~ t;1e earlier 

e:~perir.1e nt (v1here the two spec:ies Here i n tLe se .. ·e: solution) a t 

t he 4 00 ppm concentration. Hovrnver overGll tl:e ~i~na l su,pre s sion 

is less than in the e3.rlier e:cperinent ('l'able III 1-5). 

Furnace. Interference v1as l ess t han thnt e xperienced on 

the r od vlith the interferent in vapour form. Here again the 

70. 

effect of' t he interferent conc entr ation differed from t he experiment 

i n Table III 1-5 . Less interference vms produc ed by low 

cone entrntion l evels of HnCl in these experiment s tmn vms produced 

usin3 the same concentration in the s:i.ncle cavity. 

3. HCl Depressive interference was more s evere than that 

caused by NaCl and the int erf e r enc e incre:iscd vr ith increasing 

interferent concentration. 



Fu1·nace. Slig,-1t suppression of' the siisnal occurred but wa s 

l ess sever e at the higher concentrations. 

l~ . HNO 
3 

:md H
2
so 

4 
Doth of these Acids suppressed t he lead sicna l us i n.r; the rod 

ato,:iizer. The s uppression increas ed as t he c once!1tration of the 

int erferent increased. 

Peak Profiles - these are shovm in Fig . III 1-1 1 . 

B. Discussion, 

J\lthou,'.;h the double c~vity experiments shou bat vnpour phase 

inte rferences occ u1· by co- crystclliza tion or conde :1:rnt ion of the 

analyte vlith intArferent components , t h ere ir; some ev i dence t h~ t 

compounds (which c1·e not re:;dily dissociated i n the vapour) ar e formed 

on the a tomizcr surface . T'nis 

when .IfoCl wos t.'1.e interferent . 

is particula rly true of the situation 

11 2 Lundgren~ a l. e ive some evidence 

t!1a t t his interferance is effected by a chance i n tJw r ate of 

vaporiz.'.ltion of the Pb . They suppose t hat premature loss from the 

atomizer of so!:ie Pb as PbC1
2 

occurs in the early atomiz~tion stage , 

owing t o t he lol'le r vol~tilizatio!'l t emperature of the PbC1
2 

formed on t he 

rod during the earlier heating stages . However, controry to their 

conc lusions, a c o:'.'lsiderable amount of vapour phase interfereric e 0ccurs 

71. 

with a ll the interrerents investiga ted (HaCl, HCl, H2so
4

, mro
3

, and II
3
ro

4
) . 

\'/hen the sa:.!e conc entr ntio:is of sodium chloride and 

hydrochloric ac i d a re present, the lead si{311a l is depressed by an 

almost i dent ic~l amo:.mt . Thus the i nterference appears to be ?l'irnarily 

D conden~n t ::on effect rathe r thnn en entrapment of analyte ntoms in 
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loss of some Pb occurs in pre-atomizaticc 
stages 

2s. 
H 

Pb lnmp BG 
Pb only in solution 
ashing temp.= 350,°C 

Pb lamp BG 
2. only Pb in soln.

0 ashing temp= 550 e 

Pb lamp BG 
3. Pb only in Soln . 
a shing te mp . = 750°c 

4. NaCl + Pb 5. NaCl + Pb. 
nshing temp.= 350°c ashing temp.= 550°c 
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p. 
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0) 
,0 
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ashing temp.= 750°c 

Pb aa. signal 
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~(- '- «r' 

atomize a t omi?.e 
Pb lamp BG Pb lamp BG 

Fig. III 1-11. Absorption peaks profiles obtained from Pb 
atomization both in the presence and in the abscence of NaCl. 
(The BG signal is the signal obtained when using an H2 continuum 
l amp). 



cryst:ils. HyJ.rochloric a cid cloes not form crysts ls a t these 

tempera tures nnd the formation of mixed chlorides (a.s Pb Cl ) in 
X y 

the vapour is considered to be the most likely me thod of' dec r eas ine 

the yield of free Pb atoms. 

A s imila r system is proposed for the vapour phase 

interference of nitric and sulphuric acid.5. The r n t e of th e 

formo.tion of Pb (no
3

) and Pb (so
4

) respecti ve ly would account for 
p q r s 

the different de[srees of interference ob t a ine d . 

In all the interfer ences discussed thus f nr (Pb in the 

presence of NaCl, HCl , HNo
3

, H2so
4

) a pla tea u is reached in the 

depression c 3uscd by the int erfe r ents i n the Pb sicnal. This could 

be e:-::pl nined i n tenns of t he tirr:e av ailnbJ.e for conr.lensc1 tion to occur 

in the vnpour ph°'se before the a t or:1 cloud pr, s ses t:1rouc)1 the o,,ticul 

path. The ex tent to which the conde nsa tion of Pb storr, s occc1r s r:12.y 

be l ir.lited by the time elapsed before lenv i rJG t he 1 i ght bec:r:i . 

Chan;;es i n Pb absorption sic nnl caused by the ~rese nce of 

n
3

Po
4 

occur a l most exclusively in the vapour phase . An a ccura te 

expl anat ion of this complica ted interference behaviour could not be 

f ound in recorded vrork and more practical resenrch is ne cessary to 

cla rify the situa tion. 

At higher H
3

Po
4 

concentra tions the forma tion of a. 

con5lome r a te conta ining Pb and ro
4

3- in the vapour phase would 

effectively reduce the population of free lead at~~3 . Compounds 

72, 



such as dimorphic Pb
3

(ro
4

)2 (melting pt= 11C4°C) or 3 ['b
3

(1\\)zj• 
Pb x

2 
where X = F , Cl, Br, I or OH could form under tlic ex;ierinental 

c0ndi tions. These compounds form C]ui te rendily e t elevat ed 

73. 

121 
ter:1peratu.res rro:.1 lead or lead halide i !l V:1e r,rese:,ce of orthophosphate. c 

A.Results ----
Effect of H

3
Po

4 
and NaCl on c admium. 

Cc.u.mium was chosen as an analyte bec:i use its chenical ani 

physical properties d iffered subsfantially fro1,1 the prev io-:is two 

ele1aents . Ilo,·1cvcr , lilce l ead, it i s an element of' l ov, volatility. 

Oper.:: tionol procedure wa::; opti mised for the element and the 

pur.::netc1·s used nrc listed in Table III 1-G . 

Table III 1-6. Pararteters used for cnc.lmium analyses. 

The absorption signal v1a3 amplified 5x for the rod experime n1 

1,'fa velcn~tb (run) 222 . 88 Dry 
Vol tac;e 5.0 

Slit width V1) 150 
Time (s) 25 

Slit heicht (rur!) 5 .Ash 
Vol ta:;e 4 . 1+. 

Lamp current (mA) 3 ._fime _(E.)_ 15 

Ramp atomize 
Vo1tege 4 . 6 

~ate _hl_ 1 O._Q_ 

G-as Flow H2 2. 2 
Rat e 
1 min -1 Ar _)_._E}_ .. 
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Dii'ficu1ty w . .:is encountered in separating the cuclaium a tor:Jic 

absorpt ion peak from the non-ctoriic absorption co1:1ponent ( Fig. III 1-13) • 

To ovel'cor.ie this difficulty the re.mp atomize mode wn1; utilized 

whereby the applied voltage was incrensed at a cons tont r ec te. 

the Cd ?.tc!:lic absorption sit;nel wa s obti:.incd fir~;t , cor:ipletely 

Thus 

separc..ted fro !.1 the non-3tomic absorption s:i.Gna l fo1Jov,i ng .sb0rtly 

a fterrmrds ( rJ o. 5s). Clenrly, the asl:ir.g voltage used. r.id not 

reliove any Cd or very much HaCl either, A curve .shcmin,s t he optimum 

a shine volt 86e is showr. i r. Fig . III 1-12 .a, 

'l'he rcsul t s of t h e effect of c once r..tra tion of II_/'0
4 

and 

ITaCl on Cd s i c ns.ls (.025 ppm Cd as ca dmium .::.c ebte) lLSlll[ th e rod 

a nd f1.:rn:1ce a ton1:i..zers sre shown i :i Fig . I II 1-,,21), 

Phosr,horic acid on the rod aml l!DCl on both .:i temizers 

enhanced tl:e Cd signal by a maximum of 30, ;. Interfenmt 

concentrations above 200 ppm caused little varfotion in the Cd si6nal 

regardlesn of the compound present . The furnac e e:>:periment:.; slw;,ed 

less int E: rfe rcmce than the rod ex;ierimenb vlith Il 7 FD
2 

- irl fact after 
:,) I· 

a sm1:1ll initiol depression of the sir;rol nt concentrations below 

200 ppm tt
3

rol+' no interference was experienced. Sodium chloride 

did not affect the ab sorption of Cd ator:iized fro m tbe rod as much as 

it did in t h e ftu·nace. An enhancement of the Cd sie nal was caused by 

the addition of He. Cl atomized in the furnace. 

,:, An ei,rlier c omnent is pertinent here. In order to at tain the 

sarr:e t e mperature with all the electrodes, unique volt::: ge settings 

are required for each electrode. 

a 
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Fi e .III 1-12b.Absorbances obtained from 5]11 samples containing 
.025p pm Cd (as cadiu:n acetate) and the relevant interferant 
at several concentrations. Both the rod and the furnac e atomizers 
are used . Operational parameters are c;iven in Table III 1-6. 
The absorption signals from the rod have been amplified by a 
factor of five . 



In all experiments corrections were rr:nde for background 

absorption. 

Peak Profile: A non-specific absorption p&~k (especially from 

ITaCl) appeared after the cadr.1ium absorption pe£.k (see Fig. III 1-13). 

Tliis nas due to the dii'ference in volatiliz~tion tempe rature of the 

trro substnnces and the separntion of the tv:o ponks v;as accentuated 

by the use of the r amp atomiz,~tion mode. 

B. Discussion. 

L , t l 112 uncLgren .£.._ ~· favoured a rettc-of-vaporizntion rr.cchanism 

for lTaCl interference of Cd sis'Iuls. They nlBintained that because 

of the J.ov, ntmization tempe rnture of Cd, t he .s:i,:;rol would be 

depe:-,c.ent on the final temperature and its tb1e of attidnment. 

They elirnins ted pr nctically all l:aCl interfe rence b::,; rapialy raising 

the atomizer tempernture to 820°C and r:ia i n tainjnc this temperature 

+ 0 
- 10 C for n few seconds. However all their work inv(J lved HaCl 

concentr2 tions creater than 5,000 ppm. 

From the results reported in this \'1ork, varia tions i n the 

c.1e[;ree of interference caused by chnngirig the intorferent 

concentrc.tion are slit;ht (over the concentrations used). Contrary 
112 

to the results Lundgren et al. found, only enl:a ncerrent i':a.s found in 

these experiments. If the enhancement is caused by a change in the 

vaporiza tion rate aJ.l the interfer ents must mrror; the volntizution 

75. 

·, 
l .. ,' 



J 

~ 
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Atomize 

Background absorption signal 
wit h H2 l amp 

Cad ium absorption peak profiles obtained when the step atomization 
mode is us ed for atomizing Cd solutions in the presence of NaCl. 
The first peak is the Cd atomic absor pt ion peak, and the second 
is the interferant's molecular absorption penk, 

2s . 
~ 

a t omize 

Cd lamp 

molecular 
absorption 

peak 

Dtomize 

Backgr ound absorption 

Cd signa l s obtn ined by a t omixing Cd s olutions using t he ram, 
a torniza t i on mode in the pr esence of NaC 1. 

Fig. III 1-13. Atomic absorption peak profiles from cadium 
solution ana l ysis in the presence of Na Cl. 



temperature n.nee and consequently clecr ea::,c th e t ime period over 

v;hich t he nm1 lyte is being vaporized. No evideme has been found 

here or in the literature indicatinc vrhc ther or not the interfe rence 

oc curs entirely in the vapour phase. 

The presence of gm phite may nffect foe type of interference 

(enhancc1:Ient or cleprcssion) ex rerienced by Cd atomized in the 

Bratzel et al. li--1 usine a pla tinum ator:i izer found 

that n
3
Po

4 
depressed the Cd ab sorption signa l. The overall efrect 

r:oul·d b ,'" an erJ,a nc ement of the c ndrnilun absorp tion sic;na l ob t a i ned. 

iv) ALU?.IIlTIUM . 

/',. . Results. 

Effect of 1:aCl and H_/o
4

• 

Solutions containing 1. 25 ppm of Al (a s AlCL) were pr epared 
J 

with varyin.:; amonnts of lfaC l and rr
3
R\ pres ent ( 0 - 2500 ppm as Cl-

3- ) and as P0
4 

respectively . These were anaJ.ysed unJ.er t he following 

c011c1i tions on tbc roll and the furnace. (Ash i ns and a tomiza tion 

76. 

voltage/time setti11t; s we re obtained in the trn nne1' pr .:;viously described). 

Table III 1-7. 

':fav el enGth (n:n ) 

Sli t vlidth ~) 

Slit height (nni) 

Lamp current (:rA) 

Paramet ers used for J\.lmninium a na lyses . 

309.3 
Dry 

Voltoge 5.2 

150 Time (s2 23 

5 Ash 
Vol t nge 8~0 

7 Time (s) 14 

Atomize 
Voltage 6.2 

Time (s) 3. 0 
Ga s Flow 

3.8 nnte J.r 

1 min 
-1 H,.., 

···-- - -- - __ 2 . 2 - ·-.:. 
·- . -



Aluminium was chosen mainly because of its hif;her vol c: ti lity compared 

v:ith Cu, Pb or Cd and bec1:.use it is normnlly not v e ry sensitive to 

anal y sis by ntordc absorption. The rod ntomi zer was not sensitive 

enough to c; i ve reproducible readings even when us in.::; 20x sca le 

exp.::. r. sion. Step a tomiza tion Tia ~ used i n t hese experiment s . 

curve sir.iilnr to that in Fig. III 1-12a-wns obtninecl for the 

deter~'lin ::1tion of th e ashing setting . 

A 

Usin5 the sett:i..nt?;s in the t ob l e above ensure cl tba t in the 

cc. se of IbC l as interferent all of the interfcrent Ha s removed during 

ashing vr ithout removine aqy of the Al (ch ecked out wi th Al solutions 

and Al i n the pre sence of NaCl) . Results a r e prcser.ted in 

'l'a ble III 1-8. 
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Table III 1-8 . Absorba nce signal of 1 .25 ppm Al in t he pres ence of 

different concentrations of !fnCl o.nd H/io
4

• The 

difference in ench signal compared with that of a 

solution free from NaCl and H7 PO, is expressed as 
:J Lf-

a j ; enlrnncement ( +) or % suppres:,ion (-). 

Int e rfcrent. Interfe r ent Concentration. 

(ppm) 

H P01 .3 t-

o.o 
. 025 

1 • 0 

5.0 
1 o. 0 

vis ibJ.e smoke 50 

ash il18 but \·10.s 200 

not detec tecl by 800 

the D ppnra tus 2500 

o.o 
.025 

1.0 

2.0 

12.5 

50 

200 

l1-00 

1000 

2500 

·~ all absorbnnces have r. s. d . ~ 5% 

~; 

:\bs orba nce 

from 1. 25 ppm 

Al in presenc e 

of int erfr.~·ent . 

• 298 

.275 

. 282 

.285 

. 3('1+' 

. .3 28 

• 218 

.1 38 

.177 

. 298 

.342 

• .309 

• .352 

• .365 

. 3911-

.ii.10 

.370 

.402 

.439 

in signal 

0 

7 

- 5 

- 4 

+3 

+ 10 

- 22 

- 26 

- .37 
- 60 

0 

+ 15 

+ 4 

+ 18 

+ 22 

+ 32 

+ 37 

+ 24 

+ 35 

+ 11-7 
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Al l the results v1ere corrected for nny bnckc rou11d absor;,tion ( very 

little appenred) . 

It is evider.t that , in the furnace , suppres s ive interference 

by TfaCl anc1 enhnnc ement by tt
3

P0
4 

is f!Uite severe even v1hen it is 

suspected tha t a ll of the interferent has been r err.o ved fro i:l the 

0 toir.izcr during the ashing stnge. 
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Pe.:.k Profiles : l'~o non-specific nbsor ption of' ,1ey conse,1uence (i. e . 

other th:m e l ectr onic ' noise ' ) occurrecl ar.d tl! e r, euks :)ro:luced dud..11g 

a t ,-,r.iiz:.tion ,•:ere from Al absol'ption only. 

no pe.:ik a ,)pciircd even thous h IinCl 2.ncl IIJ1'\. ne1·0 pr obnbly hoj.n1,; 

l'e 1.1ovcd. The ev icler.cc f or this r emova l r:.1s 

B. Di scuss i on. 

a) the ~1, se:-nce of ony 

non-nt oi:1ic absor ption 

pcc.k <2tU' in6 ~ tomizntion 

b) the appear ance of sn o~e 

c1urinc the <1 Sh i 71G sto.ge 

v,hcr: the higher 

c onccr,trntions ')f i:aC l 

,vcrc used. 

'l'he presence of compar atively v ol ::: tile con:pow1ds cnuses 

considerc.ble i::-1t er:"ere ncc . '!.'wo o:1p,)s i ne competitive effects scer.i to 

be opor:1 tin0 Hhen ITnCl is in the solution ::!lon3 ·,·1ith Al. E:ntrelpr.1ent 



of Al e. tor:is ,1ithin NaCl particles could account for the more severe 

suppression (A13+ = 0.54A radius)
120 

appearing above 75 ppm NaCl. 

The formation of mixed chlorides could account for the removal of 

some of the atoms . 

Formation of A1
4

c
3 

a t h i eh temperatures 121f ( ....... 2000°c) 

may partially account for the relatively lo'i7 s ensitivit y of Al 

* determinations fror:i graphite atomizers . The presence oi' phospha.te 

which forms a compound with Al stable up to _ 1200°c (A1 ro
4 

. x H
2

o) 

c ould reduce the forr:iation of A1
4
c
3 

thereby enhancine the Al 

absorption sif:,'1181. 

V) .Al'!i\~YSI~ Oli' rt.ESIDUAL ELE!:!ENTS on THE noD AF'l'ER ASI-r:ING. 

A. Results 

To obtnin an even better understandinr: of the interference 

mechanism a n investi_;-ation was unde r taken to a scerta i n the r a tio of 

the s pecies (anaJyte and interferents) present on t he a tomizer at 

ato1Jiza tion (i . e. after ashing) . 

An experiment wa s devised whereby the element fro,-:i the 

s ol ution placed on the rod r emaining ~fter a shing at various voltages 

,.., It is well known that Al is not very s ensitive in atomic absorption. 

Hov,ever graphi te ato1:ai zers are l ess sensitive for some elements 

(includin~ Al) than are non-graphite flame less at omizer;, . 
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for 1 0 seconds Y,as deteri:ained. The systems used were !Ja, Cu, Pb and 

Al in the presence of Cl- in amowits corresponding to their canpound 

ratios fror,1 NaCl, CuC1
2

, PbC1
2

, A1Cl
3

• These c ompowids were dissolved 

in distilled, d ouble-deionized water to give concentrations of 1600 ppm 

for Na (as NaCl) ancl 1 OOO ppm for Cu, Pb and Al. 

The sample (5 )ll of a 1 OOO ppm solution except for NaCl) was 

then placed on the rod, dried, and then ashea at a set voltage. At 

this point t.½e power pc.ck was switched off. The rod wa s then 

c a refully rernoved from the workbead by tweezers and plac eel irito a 
7 

stoppe1·ed poly-ethylene phial containing 3 cm.J of doubly-deionized, 

distilled water . After 3 minutes of shakint; the rod was taken out of 

the phial by tvrnezers, allowed to drain for a few s econds and then 

placed be.ck into the work-head reacly for the next sample. Care was 

taken to clenn the work-head initially arrl to avoid touchir~ the rod 

at any time to prevent contamination. 

Dilution of 5 pl. (sample size) of 1000 ppm to 3 cm3 gives a 

final concentration in the phial of 2.67 ppm with respect to Na and Cl 

froo Ha.Cl, 1.67 ppm for Cu, Pb and Al, 3.34 ppm for Cl- from Pb and Cu, 

and 5.00 ppm for t.~e Cl- from Al. 

Chloride as interferent was chosen because; 

i) it is relatively easy to analyse by usine a 

chloride-ion specific electrode, 



ii) these elements have been previously studied in 

this work for chloride interferences, 

iii) the last three cations showed interferences from 

even low concentrations of added chlorides. 

The t er.,pe rature at which the elei;1ents we re lost was determined 

by the r.,e thod used by Hwang et al. 1 01 This entailed construe ting a 

CUl'VE: of voltage setting versus temperature (for a particular rod) by 

observing t he voltage applied needed to just melt a series of metals 

whose ri1el ting points were known. 

'i'he standard curves for the cation analyses Na (flame 

photometer) Cu and Pb (air-acetylene flame A.A.), Al (nitrous-oxide 

acetylene flame A.A.) were all strait:;ht curves over the range needed. 

(Refer to Table III 1-9 for analyses pa r nmeters). 

Table III 1-9. Parameters used for the analysis by flame a . a. of the 

residual cations left on the rod after ash ing 

Wa velength SJ.it Width. Gas Flow Rate (Gas FJ.ow Heter) Element 
run (y) units 

air acetylene nitrous-oxide 

150 8,0 4.0 Cu 

150 8.0 4.0 Pb 

150 1 o.o 6.o Al 

The results of all these experiments including the standard 

curve for chloride ion determinations are shown in Fig. III 1-14 (a) 

to ( C) • 
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NaCl. From the NaCl set of curves the loss of Na is paralleled by 

the loss of Cl- at all temperatures. HoNever after an 

initial loss of both species nothing more is lost until a 

. temperature of~ 720°c is reached. At this temperature 

both species beg in to be volntilized. At 86o0 c very little 

of either species remain on the rod i n a water extractable 

form. 

'.!.'he CuCl ,.., results are similBr in that the lo3s of Cu and Cl 
L 

parallel ea ch other almost exactly. However i niti8 l loss 
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of both elements occurs at a relatively 1cm te mpe r a ture (,.J400°c). 

],lost of the Cu is lost by 700°c but a t this t e ;.1pe r ;:; ture the 

decrease in Cl concentra tion is e t2uivnlent to t he loss of only 

one Cl-. The second Cl is vola tilized slowly &s the 

tempero ture increases. 

V~g_!2. Al thoueh the loss of Pb fro m the rod occurs over the same 

temper ature r ang e os does the lons of Cu 1the los s of the Cl-

does not correspond with t.he loss of Cl- from Cu. In fact 

the Cl- loss from Pb is seemingly independent of the final 

Pb concentration. 11. t a temperature of ,..,250°c the (Cl-) is 

equivalent to about 0.4 of the expected theoretical 

concentra tion and does not correspond to the r e tention of 

1 Cl per Pb atom (actual ratio is 0.8:1), 



AlCly In general, aluminium is not lost from the rod a t any 

temperature < 1200°c. The loss of the equivalent of 1 Cl-

in every 3Cl- occurs byr-J 230°c and this level is uia intained 

to ,v 350°c when the equivalent of one more Cl- is removed 

from the rod. The final plateau concentration is of similar 

concentra tion as that obw ined in the PbC1
2 

experiment. 

In all these experiments a background level of Cl- is reached, 

possibly due to sliGht contamination from the rod support blocks . 

B. Discussion . 

The loss of chloride fro m the rod clonely follows the 

a tomiza tio:1 of c opper arnl sodium from the rod . 

inJependent of the ato:nization of Al and ·Pb . 

Ho~ever loss of Cl is 

Conclusive discussion 

can not be c; iven due to lack of lmo·:,led,::;e of . the ro ture of foe compound 

on t he surface of the rod prior to dissolution in the solution analysed . 

Also the conc ent r at ion of t he eler11ents on the ro d ~re muc!-1 c;re1<ter t ha n 

i n the omJ.yt icnJ. situation. 

wil l l' e nc'l.vancecl . 

Nevertl1eless so r.:e lirii ted expla i-.ations 

Donece t:nd Burgess
1r2 expected the lo.sr; of a lumi niun to occur 

as AlCL fran fla meless atomizers . 
) 

These experiment s irnl ic a te that 

al thou[jl tv,o thirds of the chlorine a toms have b een lost a t a 

0 
te r.1i1 er::!. t ure of 350-400 G no aluminium is lost even a t temperatures 

exceeuing 1100°c . Thus premature loss of :.llll:liniu:n as AlC1
3 

would not 
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ue expected to be the ca use of nny supp1·essio?1 i n the nlur;iinium 

a bs orption siznal in the pres ence of chloride . 

'i'he equivalent o f 1 in every 3, nnd 1 i n every 2 ch1orine 

n toms from AlCl~ and PbCl
0 

re s pec tive l y nre lo.:;t a t G very lo:·, 
:) L.. 

0 
t em:;ier2. ture , _,v 200 C. Th is could be due t o hyc1rolysi:., nnd the lo ss 

of Cl as TiCl, the rcmnini:n:; CJ. atoms still be i 11c--: bound to the 

respective cntion. 

80 :}iu11 chlori de molecules or con_s lom er.:. tes of sod ium chl orir1e 

mol ecules appea r to he volntilized , r o t he r t hn n dh;societo d soc'ii'.lm r.rd 

Thi s is v er y i r.rportnn t in the r:or,s i tler~ .tion of the 

nYJ£! lyte- '.:! toe entr·2 pment t he ory . It shouJ.o. be no tic e :: t:1f1 t tl:e 

tem·,er::. t ure 2. t nhich tbcDe molecuJes e. re lost i'.: very clos e to tP . .at n t 

1·:hic h ttc: Cu and Pb ;; re a to mized. (rraC l Cc:use:., :.:evcr e:: suppression of 

the Cu 2nd Pb al.sor;ition signa l s) . 

The::;c experin1ents i m1 ict, t c tbi.t a lt:.11 initm c.nc. l c:nd Gr o not 

lo::it fro ; 1 t te rod a 8 1,1 Cl ;: or PbCl,., molecule~ l~ ut so l1iun i::i lost 
~ ,:_ 

as ITnC l molcc uJ es . 

'l'lie copper e}:perirr.ent doen not give al'\Y cleor ir:dication as 

'L o Hhetller or not i ndividua l a.tolils of copper and chlorir.e are lost or 

if CuC l ,.. molecules a re volatilized frcxn the rocl surfaces . 
L 

If CuC1
2 

moleculE.:s we1·e vola tilized r np id dissociation r:mst occur before 

c tor1ic obsorpt ion could occtu· . 

* Support fo r this is s iven i n the following s e ction (III 1 - vi). 
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vi.2. _INVESTIGATION OF THE NATURE OF THE NON- ~JO!UC ABS0RP1'I9N PEAKS. 

!Ton-a tomic absorp t i on peaks v,ere noticed in earlier ex?e riments 

r;nen a!lalytes ,·,ere ator)lized in the presence of some interfering 

compounds. The compounds i; ivinc tr.e st1·onces t non- atomic absorption 

peC!lrn r1e1·e the c,H:ali ha lides . These c arr.pounds als o ~1ffect the 

e.11::1.lyt e a too ic nbs orption sit;ml r:iore t h['.n a1w other compoumls 

. . t ~ 1- ,l 1 i 36 , 32, 85 , 1 7 invest J.C.'.? ·eel iiere anu c ::; erh1e re . Hov,ever othe r c ompouncls 

u~ecl c-.lso c2. ve some very slll.'..1.11 non-a tomic cbsorpt i on peaks e . g . lL,FOl . 
~ I-

In v i eri of t he clii'ferenccs in the severity of interfer ences 

cl.'..l i rned by ~uthors u.sins different .8.tor:iizer!; , the comparison be tween 

tl:e three ntowizers rms continu ed into tids invo s tiu0t i on. 

A Potassiwn i oc1i de r,nvc,lengt h clc pcndt,Pce curve h:1s teen 

.32 r e rorted by I. ' vov. little other rror k on t hE: n~t-..1re clnd ch2racte r istic 

fenture s of non- atomic absor ption peaks has been reportca. It \WS 

hoped that ~ny l ink rll1ich might exist be tween t::e presence 8nd 

che.r ::. cter ot ti,e non- c: tomic absor ?ti on peak and t!·,e l o.ss of ~nal yte 

\'/oul d help in the elucidoti on of the m ture oi' the interfe r er.ce. 

'l'hroughout a ll t he ex pe rimen ts Ar and II
2 

gas \'/ere supplied 

- 1 - 1 to the world1cad at f lan- r a t es of 3 . 8 1 min a nd 2 . 2 1 min 

respectively. '.l'his \'ra s done in order to i ncrease the sif;na l as much 

as possible i.e. conditions were optitlised for good atomic absorption 

and minima l i nterference . 

'l'hc concentrntion of t he solutions a r c expressed ns p.:a rts 

per million of t lie ani on (Cl- or ni,-) . 
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Vol atilizc.tion c onditions for NaC l and KDr. 

To investi~a t e voJ ~tilizi., tion condi tions for :i:faCl and KBr 

in ench of the at omizers an 800 ppm sol ut i on was plnc0d on to the 

atomizer· in 5 pl portions , dri ed a t l1- . 0v for 20s and then ashed at 

different vol t nge set tines for v aryi ng J.eneths of time . The 

non- ~t oroi c absorption sigml rn~s then obtained by .'.:lt omizinz:; the sample 

() 

a t 1800 C. 'l'he sig n..'1-1 \'Ins 1r.ea sure<l n t 250 nm using a byJrocen 

continuum 1-'.!mp oper a t ed a t 25 mA.. 'rhe slit width nnrl heic;ht vrere 

those norr.mll y u sed (1 50 p and 5 mm). 

sho~n in Fie. III 1-15 . 

The r esults for lb Cl a re 

Pofossiuru bromide ·;ras l ost from t!ie a t omizers bet\·,",een ashi ng 

0 0 
t Empc r .::.tures of 470 C to 530 C using nn ashing tir:; e of 25 s. The 

tempe r nture::; were obtained by the method r.1ent ione:d ? r eviousJy 

(s8ction III 1-V) . 

'l'he ntomiz2tion ter.ipera t ur e utilized ( 1800°c) was the 

optimum t emt,erc. t ure f or Cu atomization. Th i s teopernt ure wes 

chosE:n becirnse of the earlier experinents on copper in the pr esence 

of nlkr.~li halides in whic h serious interference occul'r ed. 

The EnCl \'ras more r eadily lost than KBr from the a tomization 

systems . The sensitivity of the systE:m in detectinc non- atomic 

nbsorpt ion rras in t he follol'ling order : furnace) cup ) rocl. 

(see Fig . III 1-16) . 
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Concentr2. tion-dependence of the n2n-ntomi.£_ absorption ;:ieGk. 

Two series of solutions with incree.si!1£ concentrations of 

NaCl nn cl KBr were analysed on all the atomizers. An ashing 

tempe rature nas chosen to ensure that the aH:a.li lrnlide was retained 

for atomization (i.e. ashing temp.< 460°c) c:mcl the ntomization temp. 

0 
wa s rv 11300 C • 'I'he concentr.'.ltion at which ench a llrnli h olide could 

first be detec t ed leaving the atomizer is listed in T.?.ble III 1-10. 

Ta blc III 1-1 O. 

alkc. li ha lide 

EBr 

NaCl 

Concen trations of the alkoli hnlide at which it 

could first be detec t ccl a s b eing los t fro 1,, the 

atomizer using a H2 continm.un lnmp 8t 250 nr.i. 

Smoke fror.1 t he a ton~ i zer na s alc o noticed n t these 

c ,)ncentro tions. 

rod 

100 ppm 

100 ppm 

ntornizer 

cup 

20 ppm 

200 ppm 

furnnce 

25 p'"'lm 

30 pl)P.l 
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Wnve length depander..ce of non-atomic absorption peak • 

.As mentioned ea rlier (Chep. II) little distinction has been 

ma de betv1een the contributions of light sc a tterinz; and molecular 

absorption. To help establish the nnture of the non-atomic 

absorption peak, the vmvelength dependence of the non-atomic absorption 
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sigrol \WS plotted usin_s various concentl'n tionn nnd different 

atomization temper atures . The effect of the three different 

G to1nizers on the curves obtained vrer e compared tocether vrith t he 

rel ative sensitivity of each atomizer wi th respect to the signal. 

Pif:;s . III 1- 17 (a) and III 1- 17 (b) shcr,·r the absorpt i on 

spectra of JfaCl nncl J<'J3r (between wr:veler:.:;ths of 190 and 3.30 run) 

usi!1~ the thr ee atomizers. The absoii)tion ~iJectrura iz clerrest 

nhen the furroc c is used, bec~use of' the hir,h resiuence ti1'1e of 

the vapour in the absorpti on path. The s ,ectrur.1 i., r oducec. by the 

rod a to;.·,izer fo noticeobly lacki n:; in detail but contains a oinimwn 

c ompa rnble with the cup and furriace althouch t:1e na:z:ir.1a E. l'C ver y 

bro.:;.J b.:.nds ar.d a1·e bcrely distincuishable i'rom the &ene:rol t r er.d 

of clecread.n[; E,b::;or p tion ·;ri th increa s inc; wovel cn..:;th . 

A solution conto i ninG 800 ppm NoC l eave almost the ~ame 

spectra on all atomizers ns the spectra shorm in Piss . III 1-17a and 

III 1- 17b a l t hough a slic;ht loss of detoil r:as evident . A 100 ppm 

sol ution [!,CVe very little absorption at oll (n s is indic,, ted by 

Fie. III 1- 16) . 

A compll.rison vras made of the spcctro obtoined f r om 100 pp~ 

800 ppm and 5000 ppm NaCl sol utions on the rod usine the H2 

continuum lamp and the lomps list eel utilized at the wc.veJ.engths 

i ndicated. The lamps v,ere all opernted at the r:ia.nufncturers ' 

recommended ctu·rent set tin,gs . 
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Lamp As Zn Ccl Cu Pb Cr Ce Cu Cr 
':lnvelcngth 

(nm) 193 .7 213 . 9 228. 8 249. 2 261 .4 288 . 9 302.1 321+ . 7 357.9 

0 Absorpti on signals from a ll the solutions otor:ri.zed at ,..., 1800 C usine 

the atomic Gj:,cctr .::. l lamps nere the same (within the r . s . d . ) as the 

ab s or ption obtnined from t he H
2 

l amp a t t he c orresp01:di11.,g wavelength. 

Efo::ever the use of the Zn lamr., resulte d in a l a r ger si(,rrwl at the 

213 . 9 rur. r:nv elength t han <lid the II2 Jnmp r 0vea l i nG t he presence of Zn 

in all solutior~s . Zinc is a ub i ~uitous lnborntory contami nant and as 

t he conc entr:,ti on wa :3 the s ~:ne in nll th e solutions it was assumed 

thot t he nn t er na s ccntaminc ted. /i,. c heck on the m" ter su,ply v erified 

thi~ essw~pt ion . \'/hen solutions cont .:, i nini:; i~oo ppm and 800 ppm TTaC l 

nere :-ito;:,izec1 a t two clifferent temper nt ur e s (1 800 nrnl 11~50) in the 

furnace, slight vari ations i n the spectra were obt:: i necl . Althouch 

the <l i ffe1·en t concentr<ltions atomized c?.t t he S<'1r.:e t euiJcr n tures resulted 

in clmost i clentica l curves ( except for slight lo.:,s of d.et nil n t the 

lor;er conc cntr.:itior-s) , t he use of t h e l or,er tcoper a tw.·es cav e n 

sli;_;htly diffe rent rcs por.se compa red rrith the hi.:.;her atomiza tion 

t emr,cr ,'.'., turc . (see '.1'3ble III 1-11 ) . 

Tnbl e III 1-11 . Rat i o of absorb ances from an 800 ppm lT~Cl solution at 

given rmve lengths from 5 pl samples ato::-:izecl ot two 

di:f'fer<::nt terper,'.'., tures (1450°c nnd _ 1800°~_in_ the fur nace. 

rrn v cl enGth ::.1IJ 191,. 210 2.30 251~ 290 310 

Rn tio of P.bsorbances 

Abs 1~.S0°C/.',bs 1 Soo0c. 8 15 8 5 3 1 



At lower waveleneths the difference in the two curves is more 

noticeable. 

SjJnilar results were obtained when some of the experiments 

mentioned above were repeated using KBr . Lovier cone entra tions of 

KBr (400 ppm) gave lower absorbances an:1. cw·ves with less detail 

than the results from 800 ppm and 5000 ppm solutions. '.i'he same 

trend in the a tomizer's sens itivity, as shorm in :F'ie . III 1-17b, 

rernninod throughout all of the experiments, in that the rod gave less 

uetnil t han the furnace or t he cup. 

The spectra shoVln by all these experiments are molecular 

al;sorpti on spectra of HaCl and KBr. 'l'hese spectru have been looked 

at by t wo dii'~erent workers using two dii'ferent types of atomizers. 

!..Juller (1929) u sed a sraphite furnac e heated to 11 00°c to observe 

the a bsor ption s pec tra of NaCl, KBr and several other alkali halides . 

Koirtyoham1 nnd Pickett, us i ng a lonr, path burner, also obtained 

s pectru of this kind which they showed to be moleculci r Absorption 

s pectra Vlith ve ry little light scattering present . 

The s pec tra ob tained by ~.(~ller and by Koir tyoharm and Pi ckett, 

f.: 
together 1·1i th t hat from the furnace in this work, a re presented in 

Fig. III 1-1 8 for IfoCl and FiB, III 1-19 for KBr. It is evident 

,:, The s ,)ectrum f rom the furnace is used for c omporison because of all 

the a t or.1ize r s it i s closest to the app~ratus used by t he other two 

groups of Y1or kers . 

91. 



Cl) 
c., 
C 

.! ... 
0 
er, 
.0 
«J 

0 .6 

0.4 

0.2 

o.o 

R 
\ 

I I 

I '. 
7 

I 

I 
D 
I 

I 
I 

I 
0 
I 

\ 
I 

I 
I 

I 
I 
D 
I 

~ Koirtyohann & Pickett 

o Muller 
o Thjs work 

\ 
\ 
\ 

\ 

r/ b,, ~ 
,.__ _ _ .._ _ _,__ _ ___ _L ___ ~ - --'---'--- -'--- --..,..:x..::,--0 ...... -1-. _ --1. __ _.__ _ _.__ _ __.__ 

200 220 

Fig. III 1 - 18 . 

240 260 280 300 320 

wavelength nm. 

The absorption spectra of sodium chloride : 

obtained in t his work (using t he furna ce 

with conditions given in the text), given 

by Koirtyohann & Pickett, and separ a t ely 

•• by Muller. 
.. 

Muller ' s spectrum has been 



Cl) 
0 
C 
m 
.0 ... 
0 
U) 
.0 ea 

1.2 

08 J 
I 
i 

0.4 , 

! 

I 
I 
i 
I 

t:,. Koirtyohann & Pickett 

D Muller 
,°' o This work 

I ~ 
l 

I I 
I I ""~ ,' ;; g ~ ! 

I 
I 

--a.. 
\ f \ 

\ I 'q 
...cf ' 

\ 
\ 

.12 

,08 

,04 

o.o ~-~-...___....__....._ _ _._ _ _._ _ __.__-4-_ __. _ __. __ ...___...__ _ _.__ _ _.___....._ _ _. 0.0 
200 220 

Fig. III 1-19. 

240 260 280 300 320 340 

wavelength nm. 

The absorption spectra of potassium bromide obtained 

by three different groups of workers using similar 

vaporization chambers . The left abscissa scale 

applies to the curves of Muller and this work. 



that in each case the same absorption spectrum is being viev;ed 

i.e. the molecular absorption spectrum of the particular alkali 

halide present. 

Several unsuccessful attempts were also made to determine 

the waveleneth dependence of CuC1
2 

vapow.· absorption. If a 

molecular absor ption curve could have been produced a better 

appreciation of the mechanism for the reduction of Cu signals in 

the presence of chlorine-containing compounds could be postulated. 

Investi9ation of the scattered lieht intensi~. 

Several authors (see p~6-1a of flameless atomic absor?tion 

work have a ttributed almost all of the non-a tomic ebsorption si01al 

to light scat terine when an alkali halide or similer s c: J.t is present 

in the rnn. trix. 'l'herefore an estimation of the proportion of the 

absorption sicnal caused by light sc a tter:i.n8 would be advantageous in 

assE!ssing the relative importance of t.h.e molecular absorption spectrum 

in the present work. As stated earlier (section II p 18) Koirtyohann 

and Pickett showed that using their apparatus light scatterinc; was of 

little consequence. 

Five pl samples of a 10,000 ppm solution v,ere placed on the 

rod, dried, ashed at a low temperature and then atomized at 1800°c. 

0 
An H2 lamp was operated at 30 mA and placed at a 110 ansle to the 

monochrorna tor. The amplifier gain was switched to maximum and operated 

in the transmission mode. The output signal was measured at several 

92. 



vravelengths over a range of 190 - 360 nm. '.!.'he curve obtained is 

represented in Fig . III 1-20. This signal could conceivably i nclude 

a coi"ltribution from molecular fluorescence as v,eJ.l as light sc c1 tter. 

The signol follows very closely tha t of t:ie lam~J output itself. 

Thus the 'sca ttered' r adiation i ntensity is an nlmost constr::. nt 

proportion of the lamp output except at lower wavelen&ths ( <. 210 run). 

The Hon-A tom~<:_..A!?_sorption Sit;nal. 

lJ r ::;crrs~,IOH: 

··.Vith flameless atomizers the loss of material other t.1-i.an the 

onalyte from the o tomizer cnn gene rally be monitored by this peak. 

Froin the results presented earlier it can b e cleorly seen that in the 

,:c 
systems studied the signal is mainly due to molecular ausori)tion and 

v er y little if aey is causeu by light scattering . 

/l very high c;ain and a large concentrn t ion of NaC l on the rod 

was necessary to emble the light sc~tteri..n,s signal to be measured 

(Fig. III 1-21) inaicatin~ that the sc.r.a tterir-e of' light r,as very small 

0 
at an anGle of 11 0 • 

Or.1enetto et al. 122 studied light scotterinc in fluorescence 

systems. The maximum seat terms ex-rerienced vm a not at 90° to t he 

0 
source as expected but at 120 . Thus the measurement of the sc attered 

intensity at 11 o0 was near the maximum sca tter (assumine that the same 

* KBr and l'~aCl molecular absorpti on curves are the only o:i.es presented 

al though H
3

P0
4

, HCl , l\N0
3

, H
2
so

4 
and I<Hil(\_ were ell checked to see 

if a large enough non- atomic absorption (using 112 lamp) peak could 

be ob tained. 
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KBr has a minimum at r-J 240 nm vrhereas IraCl and the 'scattcri11t3' 

curve both have maxima here. The light sca tterin,s obtained Vias 

clearly not Rayleigh scattering, as the rehtionship of the 

I 
intensity of the scattered light to the vravelength (Isa ).&t) did not 

~' 
exist. Therefore if the very small amount of light measured a t 

110° is the result of scattering - the type of' scatterine is not 

122 
Raylei~. Omenetto ~ ~!· also experienced non-Rayleieh 

scn ttering . 

In addition to Koirtyo!1ann and ?ickett's work and t:iat of 

L1vov (see Section I 3 p 8 ) ultraviolet absorption s pectr a of 

8lkali ha lide vapours producedf rom f'urnaces m, i nte ined at 

0 123 124 800 - 11 00 C were r e;,orte ~. ' 

The similarity of all these spectr a indi cc, te s that the 

rapid vaporiza tion of sodium chloride from the atomizers unde r the 

conditions spec ified lea ds to a high vapour phase concentra tion of 

undissoc ia ted NaC l molecules. The obse rved spectrum can be 

identified as the charge transfer s pectru::i of these species . 125 ,:,:;. 

The spectrt.nn of potassium b romide shows o pair of peaks a t 254 run 

and 274 :mn, the separation corresponding to that between the 

* Althou0h this is accepted as the main criterion for testing for 

the presence of Rayleigh scatteri~ it is not the only one.122 

** These transitions can be represented as 

K+Br- ~K:Br and N~+Cl-~ Na :Cl 

or -.h4K•Br• or ~ Na·c1· 
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2 2 
P.3/2 and Pt electronic state of the bromine a tom, A further 

pe2.k a t hicher energy (212 nm) indicates the formc!tion of some 

potEJssium atoms ii+ an excited state. Similar main features can 

be seen in the spectrum of potassium iodide vapour obtained by 

. 121i-,69,32. va rious means . 

'l'he hiGhe r absorbances obtained v:i th the furnuce and cup 

nre prob2.bly a. resalt of the greater effective path length arrl 

61·E:ater resiclence t here of the vapour in th~ optico.l path when 

these atomizers are used. Loss of detail on the rod is oo inly a 

result of the clecreased sensitivity. 

At t er'.l t)eratures much lowe r tlrnn the boiling poi nt of the 

alb.,li lwlid.e [, 11 oto i.1izers volatilize the corapotmd . 

95. 

Compomid Lie ltiuG Point (1 atm.) Boilinc Poi nt (1 c1 tm.) Volntiliza tion 
( 121 G) (1 21 c) '.i'ernp . ·' 

KBr 748°c '1383°C 520°c 

iinCl 772°c 1407°C 550°c 

~· from ex periment, 

L'vov4 has discussed this phenomenon in terms of the vapour 

pressure required to volatilize the actual urnount of s ample present 

in the lltomizer. A v. pour pressure of a.bout 4 nm of' Hg is sufficient 



to co:npl et el y v olatilize t he sample present (5 pl of 10 ppm). 

Hence a t emper3 ture of 968°c and 982°c for NaCl and KBr 

respectively is s ufficient to produce the re quired v:.ipour pre~sure 

t o rer:1ove a ll of t he c ompourn1 . Thi s a. r gwnont als o applies to 

ne t :,. l l i c; nnt, l y t es and pr e - a tooi za tion loss of analyte V<hich ha s be en 

I' P.IJOrted by other workers. 
1 

OO 

·:·11ie r1 .s i r,-t;le bemn a t omic absorption i nstrument s ;;. r e used 

s ucce ss ive Llo t E:rmi nntions ar e needed in order t o se i)c. r a te t l:e 

non-c t o1i1ic i,hs or pti on peak f'ron t he absor ption t)euk by usinG a 

hyc.11·ocen cor!tirnrnm l amp anc1 an ator:.iic s ;iectrol l ar:ip respectively. 

This proc edure is not as s ucce ssful with f'l ar.ie l ess atoni zers a s 

with the f l ame as cond itions i n t he forme r a tomizat ion sy s ter.1 a r e 

no t eas ily reproduced fro m a tomiza tion to a tomiza tion. Therefore 

douhle beam ins truments where the de t er mi na tion of the n on-atomic 

absorption component in the absorption pea k is s i multa neously 

determi ne d wi th the atomic absorption pea k would be preferred. 

Th e applica tion of the information gained in this section 

is readily appa rent. The loss of NaCl molecules does occur. 

Conglomera tion of these molecules in the vapour phase could entrap 

an analyte a tom ( entrapment theory). The presence of the high 

en ergy peak in the KBr s pectrum indicating the presence of free 

K+ ions g ives a strong indication that free Cl- ions are present 

in the vapour phe se. These are free to combine with the analyte. 

Henc e vapour pha se interference by alka li ha lides is f ensible wh en 

96. 

t he ch emical sta te of the interferent in the vapour pha se is c o.nsidered . 



Application of the carbon rod atomizer to zinc analysis 

in bovine serum. 

A. Results. 

The instrument was set up for optimum Zn analysis. 

'falile III 2-1. Parardeters for zinc analysis in bovir_e scrlUll on 

the ca rbon rod atomizer. 
----------·--------
'.'/c.ve1crJ.Gth (nm) 21.3. 9 Dry 

Vol t nc;e l;. .10 

Slit •;ri <lth (p; 150 
'i' i r::e ( <> ~ 2:2 .., , 

SJ.it hei,-:)it (nm) 5 Ash Volt &ge .38 

Lamp ClUTent (rrA ) 4 
'l'ii11c (s) 12 

Atomize VoJ.t .'.ll-;c .3. 5 
'rime c~) 2.7 

Gas l-;,lo-..l 
Ar .3. 8 Ra t e 

1 nin 
-1 

If? 
2 r, • c.. --------
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_\fter cor.side r able d ifficulty a J.ic1uots of ·::at.er sufficiently 

free :frora zinc for use in tl:ese ann lyses v;ere obbinecl . 

'l'he serurr: s arap J.es were diluted 40): and c. na lysed usil >G a set 

of standards cont a inir~ Zn (8.s ZnO) dis s olved in t he purH'ied water to 

eive the appror,rfate concentr ;;:tion (a 1 OOO ppm stock solution of Zn 

y;as u tilizec.). 

The results were then compared with the sa rne serum sar:1ples 

(diluted 5x) ar..a ly::; ed by flame A.A. llilirJC a set ofaque ous zinc standards. 

The :,bndo.rJ curves ore shown in Fig. III 2-1 (a.) an:l (b) \'lhilo 

Table III 2- 2 g ives the results. 
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curves are shown for zinc analyses usine flame a . a . 
(The bracketed ficures ,q;ply to the lower concentration ranee 
indicated thus • ). 



98 . 

'J.'nblc III 2- 2. Results of t wo sets of rinalyses on fotU"tecn bovine s e r·um 

sar.1ples from four separ a t e farns by f1o.melcss A .A. and 

.,. 
' S.'.'!c:ipl e Ho . 

1\.1 

A5 

AS 

B1 

E3 

B5 

C1 

C2 

C5 

D1 

D.3 

D4 

D7 

f l cmc A.A . All results ri re correc ted for nny 

background ausorpt ion and the e rror i!:l ex~ressec1 a s 
+ - r.s.d. 

Concentr ation of Zn in serw. ( ppm) 

Roci. Aqueous 

s t~ndn r ds 

.3 . 41 
+ . 30 

8. 92 + . 69 

2. 88 + .24 

2 74 + . 34 . 

2. 40 .:!: . 28 

3 .14 .:!: . 17 

1 . 80 ! .37 

+ 5.27 . 12 

+ 2.59 . 32 

+ 2 . 25 . 21 

2. 68 .:!: . 52 

2. E4 + . 16 

2. 85 + .36 

2. 59 + . 16 

average 

Flame , Aqueous 

S t a ndc:r<l s 

+ 2. 88 .20 

8 . 75 + . 61 

+ 2. 45 . 17 

+ 
2. 50 - .18 

1. 79 .:t .13 

3. 00 .:!: . 21 

1.12 .! . OS 

5.60 .! . 39 

2.38 + . 16 

+ 2 . 12 . 15 

+ 1 . 71 . 12 

2. 76 + . 19 

+ 2 . 03 .14 

1 . 80 .:!: . 13 

CR/I. result 

- Flame result . . 

+-0.53 

+ 0. 17 

+ 0.43 

+ 0. 24 

+ 0 . 61 

+ 0. 1l1-

+ o.68 

- 0 • .33 

+ 0. 21 

+ 0. 13 

+ 0.97 

+ o.os 
+ 0. 82 

+ 0. 79 

+ ve err·or by rod = 2q~ 
---- ----------

,~ Se.mples supplied by J . E. Oldfield. 



B. Discussion. 

Good standard curves are obtained . A positive di:ITerence 

exists v,hen the aqueous standard rod r esul t .s a re ccmparcd with 

flame A.A. results. Hence the flame results would appear to have 

a consistent nec:;a tive b i as prob&bly du e to t.1,,e decreased r c:, t e of 
< 

sample up t rike due to the increased Viscosity of the s ample ( the 

serum is only diluted 5x) compared with the st andard aqueous 

solutions. It has already been noted tha t the solution viscosity 

has little effect on the final r esult when a roe. atomizer is used. 

Ll~RAl Y 
• • I w ..,i. ( UNIVEt''" ' 

.99. 



CHA PTER IV 

CONCLUSION. 

Althou~h m:i.ny elements in severa l diff erent ~8trices such 

r;.s blooc1 , serum, biologicc.l tissue s and lubricc tin6 oils have been 

successfully analysed by atomic absorption using flar.eless i:;raphite 

a tomizers, it is clear, fron this work and other works, that the 

analysis of the same elements from some aqueous matrices is not so 

successful. Even if good results are obtained when a given ele!I'.ent 

is ntontizc<l from a purticule r matrix (e. g . blood) it does not 

n0ces:,nrily follow t hat :..olutions confoininc mw of the constituents 

of the m.:::.trix (e . c; . NaCl, ISHP0
4 

) in synthetic solutions, or 

n::i. tur.:i.l waters rrill not interfere with the s0me elenent. 

Consequently c r.! re needs to be exercised when an ele ment is atomized 

from any nevr ma tri:x. 

Due to the fact that some, if not all interferences occur in 

the vapour phase,it may be very difficult to elimim-te i nterfere nces 

such as those c a used by the alkali halides i nvolv i n,?; t l1e entrapment 

1 oo. 

of the analyte atom. Wlthough d 1 
112 

~ Lun gren et~· have increE.sed the 

response of lead determi na t ior.s i n tl1e presence of NaC l by obtaining 

better sepa ration, on a time scale, of the vola tilized subsmnces it 

vrill not be so easy to sepa rn te the volntilization of compounds or 

ele :nents having similar vapour pressures n t the S3me temperatures. 



At low interferent concentr.:.tion levels the effect' on the 

analyte absorption signal is generally more unpredictable than at 

higher concentrations. The analysis of most elements in concentrated 

matrices such as sea water is documented as being virtually impossible, 

However, analyses at lovrer interferent concentrations (e .g . river 

water has a NaCl concentra tion of rv50 ppm 121 g) would also give 

difficulties owing to the large effect on the absor ption signal caused 

by a sma ll variation in the interferent concentrations at these levels. 

'1.'he dilution in water of solid samples dissolved in acids is 

common pre-treatr.1ent for the analysis of solid samples. This should 

b e avoio.ed v1he:ce possible as greater V<:>riability in the suppression 

ca used by the acid is evident at lower concentra tion levels . 

An area needi ng more re~earch i::i the mechanism of enhancement 

on the annlyte absorption signal caUBed by some ma trices espec ially in 

t :1.e vapour phase • Al though sor:1e intensive 1Vork has been carried out 

on the systems studied it is by no means exha ustive. l.Iore extensive 

work would enable generali7.ations to be made. Hoi-rever it would a ppe c! r 

that each individual ma trix has a unique eff ec t on c1 iff'erent anelytes. 

From this ,1ork it becomes apparent that the successful application of 

the flameless a tornization technique for atomic absorption may only be 

extended to new matrices by separation techni <Jues such as that us ed by 

Fairless and Baira.126 
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