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ABSTRACT 

Atomic absorpt ion spect rosco py is the study of t he 

absorption of radiat ion by atoms . As an analytical process, it 

involve s the conversion of c ompounds to atoms , and the absorption of 

energy by t h ese atoms . A flame burning in a ir i s t he conventional 

means for conv e rting the s olution to be analysed into atomic vapour. 

The number of fr e e atoms produced in the fla me is reduced if c h emical 

bonds between th e analyte and it s mat rix fa il to break readily at the 

flame temperature, i.e., ch emical int e rf e r en c e t akes place under some 

conditions. 

ii. 

Chemical interf e r ence i s a common occur ence in the determin­

ation of calcium, magn esium a n d st rontium in low-t emperature flam es 

(below about 3000 K) . As a general rule, the anions most likely to 

cause chemical in te rf e renc e are stable oxyanions. Studies have been 

made in this work of the int e rf e r ence of fluorid e , molybdate , phosphate, 

sulphate and tungstate ions in t he determination of t he a lkaline earth 

elements , chromium, molybdenum and nickel, u s ing an air-ac etylen e flame. 

Only in th e case of calcium and strontium d e terminations were 

larg e interferenc e s encount e red. The magnitude of the int e rfe rence 

was g reat est with tungstate and phosphat e , and least with fluoride. 

Interferences in the det e rmination of gallium and indium, 

which had not previously be en studied in detail, were investigated. 

Twenty-eight cations, ten anions, three complexing agents and four 

acids were tested for potential interfe rence. Several interferences 



iii . 

were found (calcium , strontium , borat e and phosphoric a cid with gallium , 

and iron (III), zinc, bromide and hydrochloric ac id with indium) , but 

none of the effects was as marked as the interfe rences with alkaline 

earths . 

The inhibition by phosphate of the calcium signal is well 

known in both fla me emi ssion and atomic absorption . The variation of 

the ma gnitude of the int e rferenc e with concentration of both calcium 

and phosphat e was studied, and conditions ar e indicated und e r which 

phosphate might be det e rmine d quantitatively by me ans of the interference 

effect. A similar study was made for the tungstate ion. (Sulphate and 

molybdat e at low concentrations do not interfere significantly with 

calcium absorption in the air-acetylene flame . ) . 

In attempts to i dentify and/or separate t he species responsible 

for chemical int e rference e ff e ct s , the flame emission spectra were 

recorded when solutions containing calcium and phosphoric acid and a 

mixture of the two were aspirated into t he flam e . No new peaks or 

bands could be found which mi gh t be ascribed to e lectronic transitions 

of a new stable sp e cies containing both calcium and phosphate . However, 

the peaks and bands arising from the calcium and phosphate mixture wer e 

reduced in intensity . This indicates that the calcium is combined in 

one or morG molecular species containing the calcium and the phosphate. 

Similar depression of emi s sion peaks and bands was found with strontium 

and phosphate mixtures . 

Solid material , entrained in the flame gases when solutions 

were aspirated , was collected from a region just above the top of the 

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



identify the solid coll e cted. Wh e re calcium-containing solutions were 

aspirated, the solid product s varied according to th e natur e and con­

centrations of various anions present in th e solution. Calcium 

carbonate was the sol e identifiabl e product when nitrat e ions were 

present. The presence o f both phosphate and chloride l e d to the form­

ation of both chlorapa tit e , 3 ca
3

(Po4 )
2

, CaC1 2, a nd ct_- calcium 

orthophosphate und e r s ome conditions; phosphate a lone l e d to a solid 

which ma y be secondary calcium orthophosphate , CaHP04 • Similar 

compounds were found with strontium and magn esium, although thes e did 

not correspond to any for which X-ray and infra-re d data are recorde d in 

the lit e ratur e . 

The exact composition of the solid products of th e fl ame 

reactions t he r e for e varies with the natur e a nd concentrat ion of the 

anions, and i s p robably also sensi tive to par a meters such as th e fu e l­

air ratio in the flame , a nd to changes in the location of t he point of 

collection of the solids. 
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C H A P T E R I 

I. 1 . GEN.i::RAL INTRODUCTION 

Atomic ab s orption spe ctrome try i s a sp e ctroche mical proc e s s 

in which an atom a bsorbs radiation of the same wave l ength which it emits 

wh en it is in a sta t e of e xcitation. By measuring the absorption of 

radiation in atomic va pour produc ed from R s a mple the concentration of 

the e l e ment c a n b e de t e rmine d . The principl e s unde rlying a tomic 

absorption w8 r e e sta blish e d a bout 1860 by Kirchoff, who used atomic 

absorption line s in th e Fra unhofe r spe ctrum to de duce th e presence of 

c e rtain e l e ment s in th e sola r atomsph e r e . Tog Gthe r with Bun s en, he 

d a mons tra t e d shortly a ft e r wa rds tha t a t omi c spectra , both e mi s sion and 

absorption, could be the ba sis of a use ful me thod for qualita tive 

ch e mical ana lysi s . 

From tha t ti ~e onwa rd s em i ss ion me thods of sp e ctrochemical 

analysis ha v e b een wide ly developed a nd have culminated in dir e ct 

reading spectrographs which provide multiel e ment a nalysis of high spee d 

and accuracy . However, atomic ab s orption wa s n eglect e d as a possible 

analytical approa ch. Analysis was confined to a strophysical work on 

the determination of the composition of solar and st e llar atmospheres, 

and the estimation of the contamination of laboratory atmospheres by 

mercury vapour . 

In 1955, ~alsh
1 

published his first paper on the application 

of atomic absorption spe ctroscopy to ch e mical analysis, and outlined 
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the instrumental t e chnique which would produce optimum r e s ults. Alkemade 

and Milaz 2 designe d an a tomic absorption spe ctrophotome te r a t a bout the 

sam e time . In 1958 , Allan3 a nd David
4 

r eport ed the applica tion of the 

a tomic ab s orption t e chnique to the de t ermin a ti on o f magnes ium and zinc 

in agricultura l mat e ria ls a nd p l ants . Th i s a nalytica l t echnique then 

grew rapidly and in 1968 ovar 10,000 atomic abso r pt i on i nst r u• ents we r e 

in use throughout the world, and t he li te r atu r e on the subject ha d 

accumulated to over 1,200 papers, notes and r evi ews . 

I. 2 . INSTRUMENTATION 

Ka hn5 has given an exc e llent r e vi e w of i nstru• entation. In 

its simple st form, the e ssenti a l compon ent s of an a~omic absor~t ion 

s p e ctrophotome t e r are : 

a) a primary sourc e of radiat i on 

b) a means of producing atomic va pour 

c) a wave length s e l ector 

d) a r adiation det e ctor an d r eadou t oyste~ 

Req uir ement s for t he light sourc n arc that i t sh~uld e~i t 

radia tion of the required wave l e n g th at a con s t~nt int ensi ty a nd wi t h 

a minimum of unwant e d radiation. For vo l at ile e lemen ts s uch 2s 

thallium, mercury and most of th e a lka li meta l • , the u s ua l source is a 

vapour discharge l a mp. Howe ve r, the most co mPonly used courc e i s a 

hollow cathode lamp, and when it is powere d by a s tablised supply it 

is often possible to maintain an emi ss ion stability o f +0.5%. 

The energy r equired to a tomi se the s a mple c an theoret ica lly 

be supplied in a numb e r of ways: plasma jet , e l e c tr ic dis c harge , a nd 

burner. The conventional means of producing atomic va pour is to spray 



the sawpl e solution into a fl ame . A nebuli ser sprays the solut ion into 

the gas stream of t he flame and n spray ch ~ mbcr a llo ws the separation 

of th e coRrs e and f ine droplets of so lution and a thorough mixing o f 

the f l1me g2ses . The fin e droplets pass wi th th e gases into t he fl ame 

an d usually b~com2 vapouris e d . Two types of burner ha v e b ~en us ed : 

total consu mpt ion bu rn e rs ~nd pre - mixed burn0r s . 

3 . 

A w3 ve l e ngth se l e ctor bnsica lly s hould be ab l e to separat e the 

rsquire d spectral lin~ from all othe r s ~nd to keep a ny background 

int ensity to a minimum. Fo r spec tra containing littl e but th e 

r e sona nc e l ines, e . g ., the alkali spe ctra, n simple selector such as a 

filter suffices . For most ultra viol e t spe ctra a nd particularly for 

compl ux spectra, the 1nost us e ful sele ctor is n monochro ma tor which can 

b0 se t to pass any wavelength betwuu n ca . 1930 and 9000 ~ - Among 

e l ements whose r e sonance line s are clos 0ly surroun~ed by other lines a r e 

iron, nic ke l J.nd coba lt, and these req11ire a monochromator of about 2 ~ 

r esolution. Coupl ed wi th t he need for a nRrrow band- pass is the ability 

to detect lo ~ intensities . This n e cessita t es t he use of a photomulti­

pli e r with its stabilis0d po~er su,pl y and measuring system . Two types 

of photomultipli e rs have b een us ed: Bi - 0 - Ag and Cs - Sb types of 

cathodes . A galvanometer is u sed in the readout system . A r e corde r or 

a digital r eadout ~Qy b e used. 

I. 3 . ABSORP'i' ION OF RADIATION 

When an atom is in the ground e lectronic stat e , it is capable 

of absorbing r adiation of characteristic d iscre te en~rgies . In 

practi c e, the absorption of radiation oc curs over a very narrow 

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



frequ ancy,. but there i s inst e ad, an absorption profil e , the shape of 

which is determined by se veral b roaden ing parame t e rs. Broadening of 

sp e ctral lin e s r e sult s from any f a ctor which influe nc es th e en e r g y of 

th e g round a nd excit e d states , wh2n a n e l e ctronic transition t ake s 

plac e . Najar causes of broadening of atomic spectra l lines in hot 

flam e gases include : 

i) Doppler broadening due to th e rm3 l agitation of the 

absorbing and em i t ing atoms; 

ii) Collisiona l broad ening -- en e r gy l e v e ls ar e p e rturbed when 

the atom is close to a for e ign gas a tom; 

iii) The natura l width of th e spe c t r a l lin e -- due to the finite 

lifet i me of the excited state; 

iv) Stark and Zeo.:1an broadening -- occurring in th e presenc e of 

e xt ~rnal e l e ctric and magn et ic fi e lds 

r espective ly . 

Stark broa dening may b e important in arcs and s park s where th e charge 

d ensity is hi gh, but i s unimportant in flam es . 

4. 

The natural width of a tomic spectral lines (of t he orde r of 

10-
4 i) may be n eglectGd as co mpare d to Doppl e r and collisional broad­

enings. For fla me spectroscopy, for most lines in most flames at 

temp e ratur e s of 1500 - 3000 K, the broadening e ff e ct of each of th ese 

two factors is in the range 0.01 - 0.1 ~' a s measured at the po int where 

the peak height is half th e maximum value . This is the so-called half­

width of the ~p e ctral line. 

Absorption r e sults in an e lectronic tra nsition from an 

electronic stat e 1to state u. The excit 8d a tom remains in the excit ed 
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state u for about 10-
8 

sec and then undergoes e ither non-radiational 

deactivation (from collisions with fl ame gas molecules, e.g., CO, co
2

, 

N
2

, o
2

, H
2
0, etc.) or radiationa l deact ivation call e d atomic fluorescence. 

The intensity of th e tr~nsmitted r ~diation, I~, is relat e d to 

0 
that of the incident radiation a t fr equencyV, Iy, by 

0 

logx_ i ~ = Ky .,l 

whereX is the path length and kv the atomi c absorption co e fficient, 

-1 
with units of cm • Th e abso rbanc e , or optical d ensity, is 

I~ 
log - =0.4343 kv2.. Iy 

The relationship between the at omic absorption coefficient, 

k~, and the numb e r of at oms a va ilabl e to absorb can be shown to b e of 
r 

the form kv = .f~ ~- ' ZJ-'• Na P+ i? (6,:v 6.'y )) ) wher e :. is the wa ve-
It t(Stj_ I\ J.~- /-- ,·, I C 1 1) 1 f\, , 

l ength at th e centre of absorption line 3u. ,..J!I.. are the d egene raci e s of 

th e upper a nd lowe r e l e ctronic states Nx is the number of atoms per 

c m3 in the lower electronic state ~t is th e transition probability 

in sec -
1 

and f ( L1.'0c , LL)\,)) ) is a function of th e collisional and 

Doppler half-widths and of th e frequency, which define s t he shape of 

the absorption profile. The way in which the total amount of light 

absorbed depends on Nj is of particular interest. Two situa tions 

arise: (i) with a source emitting continuous radiation in the wave­

length range of int e rest; (ii) with a source emitting a narrow line 

of appropriate wavelength. };ost atomic absorption analysis methods 

utilise a narrow line source, especially hollow cathode lamps. In 

this case, radiation is absorbed over an interval determined by 6... Vs , 
the source half-width. Th e total a bsorption is Sky d~ over the 

frequency range of th e source and can be shown to be proportional to 
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Ni , where N~ i s s ma l l , but wh en N~ is l a r ge t he total a bsorption r eaches 

3. lirni ting v::i. l u e a nd b c co rne s inde p e nd ent o f i'!; • 

It i s wo rth e mp has i sing tha t a ll fl ame s pc ctrom0tric methods 

d e p E: nd ultima t e ly on N)'. . 

Bo lt z • ann expr e ss i on 

In fl ame e rn s sion N is r e l a ted to NL via a 
u 

Nu = NJ(gu/gx ) exp (-E/KT) . Ja. l sh 
1 

h:rn c a ·L c ul a t e d the ro.tio of Nu Ny_ 

for the mo st p opula t ed stRt es o f s eve r a l e l ements a s a function of 

t e mp e ratur e . The da t a a r e s h o wn in Ta bl e I.1. 

TABLE I. 1 . 

He l a tive Popula tions of Excit e d a nd Ground S t a tes at Se vera l Te mperatures 

Resona nc 0 Lin e Nu/Ny__ 

( i) Gu/G1 
20 00 K 300 0 K 4000 K 

Cs 8 52 1 2 I - 4 4x1 0 7x1o- 3 3x10- 2 

Na 5890 2 1x1 0 - 5 6x10 - 4 4x10- 3 

Ca 422 7 3 1x10- ? 4x1o- 5 6x10- 4 

Z!l 21 39 3 7x1o- 15 6x1 0 - 10 1x10- ? 

It i s app a rent t ha t t he f r a ction of tho total ava ilable atoms 

which exist in the excit e d stat e b e com0 s a ppre ciabl e only for atoms 

with low ioni s ation pot entials a nd at h i gh temperatures. Most e l e ments 

ha ve th e ir strongest r e sonanc e line s at wa v e l e ngths below 6000 i , a nd 

sin c e atomic absorpt ion measurements a r e mad e a t fl ame t empe r atur es 

b e low 3500 K, the number of atoms in th e ground stat e can g enerally be 

a ssumed to be equal to the total number of a toms, i. e ., N~ = N. Since 

changes in t e mp e rature produc e a n exponenti a l change i n t h e number of 



atoms in th e excit e d state wh ile having an i ns i gnificant ef f ect on th e 

number of a toms in th e g r ound s t a t e, it follows th~ t emissi on me thods 

a r e ve ry sensitive t o cha nges in t emp e r a tur e , while abso rpt ion me thods 

a r e relat ive ly indep endent of such cha n ges . 

I. 4. ATOMI C VAPOU~ FRODUCTION 

Se ve r a l me thods of vapouri sing solid samples dire ctly h a ve 

been suggested. These include the sputt e ring chamber
6 , L'vov furnac e 7 , 

flash l a mp t e chnique
8 , and laser sampling9 . Iios t investiga tors have 

vapourised th e samp l e by spraying a so luti on of ma t e ri a l into a flam e . 

7. 

A n ebuli se r is u sed to produc e very fin e drople ts of solution, a nd the 

fl ame causes e vaporation o f t he solvent a nd decomposition of the solutes 

in the dropl e t. Ato ms a r e thu s p rodu c e d in the light b eam so that 

a bsorption may take p l a c e . 

The numoe r of free a toms produced in th e fl a me p e r unit time 

is gove rned by three ma in factors: 

(a) the f l ow r 3 te of th e soluti on into the n e buliser; 

( b) the e ff i ci ency of introduction of solut ion into fl ame , 

i. e ., th e aspira tion ef fici ency of the n e buli se r-burn e r­

fla me co mbinat i on; 

(c) the e ffici 2nc y of c onvert ing th e solid salt p a rticle 

i nto g round state a to ma in th e fl ame gas es , c a ll e d the 

a tomisa tion effici en cy Y3), 

~ i s influenced by i oni sat ion , i n co mp l e t e dissocia tion of the salt 

introduc ed , and compound for mation by th e atom of intere st with 

fl ame gas products or with othe r atoms or mol e cule s also present in 



the sample . For e x amp l e , if '.i<..; h:i.v '°' ·"'. Go lution of Ca c1
2 

aspirated 

into th e flame , this efficiency is 

0 = __ WG.Q 

I (Nc;lh_ + N&.cR. i T lv&Q t Nc,,_o f N&,.ot/ -t /V&;.l{+Nc. -;.- ·" · f C/\li.)lt t{t-J(p_wt ·".d: 
wh e r e J stan ds for the ground e l ect ronic sta te of Ca a toms, 

stand for th e upp c: r e l e ctronic states of Cn '.l tor.is. fl.. , ft
1

-- ... 

. ~ is o. very compl e x function of f ln,de temp e rature and composition , 

gener~lly having a max imum vn lue at a c e rta in temperature and composi-

8 . 

tion . 10 The aspiration effici ency has b een studied by 'N ine fordn e r et al ., 

and the atomisation e ffici e ncy by de Galan and ~in e fordn e r
11

, an d by 

•,i· 11 · 12 \vl lS , The f a ctors affe cting th e e ffici ency of atomic vapo ur 

production from the salt pa rticles in flames are discussed below . 

(a) Flo.me en e rg 

The ene r g y of tho f l~me is us e d t o produce n eutra l at oms from 

dropl e t s coming out from t he aspirator - burn e r. Th e the rma l ener gy 

libe r a t e d from a flame i s bes t r e pr esent ed by the th e or e tical flam e 

temp e r a tu r a . The approxima t e range of t em~e ratur es availabl e from 

comme r cial bu rners i C,. o , ai r- co.:i.l g 'ls 1800 K 

air- p r opan e 192 5 

air- H
2 

2050 

02 - H2 2500 

N
2

0 - I:-.::2 2600 

a ir-C2H2 2350 

02 - C2H2 3 100 

N
2

0 - C2H2 2955 

For e l ement s which are easi ly convert ed into a t omi c vapour like 

Zn , Cu , Cd a nd Pb, the most s ensitive r esults a re obta ine d by using low 

temp e r a ture flam e s such as thos e produced from a ir-propane or air-coal 
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gas mixtures. In th e case o f e l emen t s that form refractory ox ides , such 

as the alkaline e~rths , a hot fl amG lik e air-ncetylene is essenti a l. A 

further range of e l e m0nts, including Al, Be , Ti , V and the r ~ r e earths , 

r equire an acetylene flam e s uppo rt e d by oxygen or nitrous oxid e to 

obta in sufficient a tomi c vapour to ~'~k~ useful and s ensitiv8 me a sure-

ments. 

It is to be noted t ha t as the temp e r Gt ur 6 o f th e fl ame incre3ses , 

th e proportion of ntoms ionised a l so increases . The a lka li me t a l s and 

th e alkaline ea rths ion ise to a s i gni fi c ~n t axt ent in the hott es t 

fl a mes listed above , ~nd the nitrous oxide flames produce considerable 

ionisa ti on e v en for a n ~l 0ment lik e a luminium. Th e ionised a t oms 

ab s o rb a t a d i f fe r ent wa ve l 0ngth and a r e thus lost t o t h e de t e r minnt ion. 

(b) FlRme profil e 

The rel3tionship b e twe e n absorpt ion signal a n d fl ame h e ight is 

ca ll ~d th e flame profil e . It indicates the r elat ive population of 

neutral atoms in the fl ame . For maximum sensitivity th e r e i s an 

optimum h e i gh t in th e flame at wh ich observ~t i ons shoul d b e made 13114 • 

. 15 Rann and Hambly e x amine d th e distribution o f n eutr~l a toms in 

absorption f lame s . Th e y demonstra t e d t h n t maximum a bsorption is a 

function of t he light beam position in th e f la1ne , coupled with the fu el/ 

ai r ratio of the fla me . Th e e l ements investiga t ed included Cu , Mo , Mg , 

Cr, Ca , Ag , Sr, Ba , if a and Se . The r e sults suggested t ha t a toms are 

r e leased by pyrolysis of the s a lt in the hottest r egion of the fl ame , 

and then r emoved by secondary chemica l r aactions, in othe r pa rts, of 

th e fl ame . 



(c) Flame composition 

It is found with metals that form rcfrQctory oxides t hat a fuel­

rich fl a me is r equired f o r maximum s ensitivity . In an oxidising fla me 

there is Qn exc ess of oxygen present , s nd oxidation of oe t a l atoms is 

10 . 

promoted. In a fu e l-rich flam e there is an exc ess of fuel and 

presumably only reduc dd amounts of oxyg en . This would prolong the life 

of neutral ato ms ~nd hence provide better sensitivit y . 

16 
Cowl e y e t al. studied th e spnti~l dis tributi on of various mole -

cular species in a pr e - mixe d oxyacetylene fla11e by a combin~tion of 

atomic ab so rption and atomic e mission . Th e y showed t ha t th~ e ffectiv e ­

ness of th e air-acetylene flam e results from the combination of q 

relative ly high tempera tur e with an environment which is relatively 

defici en t of oxygen. A stoichio~etric fla m0 provides ~ highe r 

temperatur e , but many meta ls suff e r a loss of s ensitivity r e l ative to 

fu e l - rich conditions . This results from a n unf~voura ble environme nt 

which promotes ch emical r eac tions that bind metal ato ms. By contrast , 

the fuel-rich a ir-C
2

H
2 

flame provides ~n environment very e ff e ctive for 

some metals but at a temperature which is too low for other me tals. 

1rurbul 0nt fla me s from th e se mixtur~s provide a non-optimum environment 

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

chemically favourable environment does not prevail . 

The nitrous oxide-a cetylene flam a provides a high temporature 

without very rapid burning v e locity, so that a favourabl e chemi cal and 

thermal environment is provided. This arrangement made it possible to 

determine almost all metals by atomic absorption spectroscopy. It 

further permitted the detclrminn tion of me tals such as Ca, Sr, Ba and 
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and Mo , which a re only partially atomis a d in co a l e r flam&a, with 

hi g h e r sensitivity and g r e2 t er freedom fr om ch emical int a rf 0renc e . 

(d) Use of orga nic solvents 

It has b d . 18 ,1 () , 20 t' t h ~en o bse rve on nume rous occns ion.s ' , J~n 0n an c e -

me nt of absorption tnkes place if an o r ganic solv~nt is used instead 

of water . This enhan c emen t has be~n attributed to a mor e ~fficient 

production of atoms from organic so lu tions and to th e increas ud t e mp0r ­

a tur e . Th~ increase in e ffici ency of a tom production may b e divided 

into two aspe cts: 

i) easie r combustion o f orga~ic solv~nts th~n water, a nd 

ii) easi~r chemical rel eas e of atoms from an o r ganic addend than 

fr o m an ino rganic salt . 

Rob inson
14 

studi~d th e e ffect of ch8mic~l r c l eas G of a toms in a fl a me, 

(i. e ., from an organi c addend) by using Sodium chroma t e , chromic 

nitrate and chromium nnphth enate in w~ t e r, e thanol , b e nz en e and 

ethanol - benzene (50:50) mixt u r es . His r e sults indicat e th a t when 

organome t a llic solutions are used, a greater absorption s i gnal is 

obtained . This s upport s the thesis that th e population of • Gt ~, l atoms 

in a given flame i s increased by using organic sol vents and organo­

metallic c ompounds . Organometallic compounds in organi c solutions 

give the most absorption ~nd inorganic a qu oous solutions g ive the least 

sensitivity . 

Strong supporting evidence wns found by Sastri e t 
2 1 

n l. . Their 

studies on sensitivity in atomic absorption of Ni, Sn, Zr, Hf, Nb, Ta , 

as metal l ocenes Qnd as simple s2lts or oxy-s~lts, have shewn that 

metal-oxygen bonded spe cies in solution contribute t o the total amount 



of metal oxide in the flame, with a depopulation of thereutral atoms. 

In the case of metals which form oxides of high dissociation energy, 

sensitivity is enhanced if the metal in solution is not bonded to 

oxygen, as in metallocenes or fluoro-complexes . 

I . 5 . INTERFERENCE IN ATOMIC ABS ORPTION 

12 . 

Interferences are those effects, due to the presence of other 

constituents in the sample, which cause an analysis to be in error , 

Interferences in emission methods are well known; atomic absorption , 

however , is subject to fewer interferences, as predicted by 0 alsh
1

• 

The followin g interferences will be discussed : 

(a) Spectral interference 

( b ) Exc itation interference 

(c) Ionisation interference 

(d) Bulk or Matrix interference 

(e) Chem ical interference 

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

sample is surrounded by an unwanted output of radiation from another 

element at a similar wavelength. The resultant reading depends on the 

concentration of more than one e lement. For instance in the determination 

of magnesium in the pre sence of sodium, by flame emission , the 2583 . 2R 

line of sodium will make some contribution to the measured intensity of 

the magnesium line 2582 . 1 R, since most monochromators are unable to 

separate these lines completely. 

However in atomic absorption , the only absorption measured is 

that of the resonance line , with a half-width of ca . •~01 ~ . Thus the 



resolution i s far better than tha t of most of the omission methods , 

r esulting in correspondingly increased fr a0 dom from spectral inter­

ference . Diligent searches recently , howev e r, have turn e d u p n few 

interf0rences: 

i) The cobalt 2536 . 49 R line arising from a mot~stable stQtG 

. t f ·th th d t . t· f ( t 2536 . 52 9) 22 • in e r eres wi e e ermina ion o mercury a ~ 

ii) Mutual int erference betwe en gallium (4032,982 i) and 

manganese (4033.073 i) 23 • 

Anothe r type of inte rference arises when molecul es formed in th e 

flame have absorpt i on bands at the 2nalytical w~v e l engths of a par-

ticular element. This molcular absorption occurs most when low 

temperatur e flames ar0 used , For e xample , when bar ium is detormined 

in the preson c e of l a rg o amounts of c~lcium in the a ir - C?H
2 

fl3rne, 

13 . 

the calcium oxid e formed will nbsarb stronGlY at the bRrium wavelength 

(5536 i) 24 . This interfe rence, however, v~n i shes in th e high t empe rature 

generated by the nitrous oxide-ac etyl en e 25 fl a.m0 • 

(b) Exc itation interference is du o to tlJ o ch'.;.nge in the l1urnb ,::r of 

excited atoms when the introduction o f anothe r sp0cies produces a 

change in thu e ffective temperature of the radiat ing vapour . This 

type of interferenc e is often encountered in ~re and spark e~js~ion, but 

it a lso exists in flame emission . Since th e total number 0£ excited 

atoms is negligibly sm2ll, the number of unexcited atoms c ~n generally 

be regarded as constant and equal to the total number of a to ms , so 

that no counterpa rt to excitation interfe rence is found in atomic 

absorption . 



(c) Ionisation interfe rence takes place when a substanti~ l proportion 

of atoms in the sample become ionised , causing them to ab sorb at 

different wavelengths. If another element i 8 present which can 

supply free electrons, there is an incre~se in th e number of ions 

which return to the form of s round state atoms . This r esults in a 

positive int ~rf c rencc or enhGncement of absorption . Th ~ various 

a lkalis enhance the ~bsorption of each other. Sodium and potassium 

enhanc e the absorpt i on of calcium in the oi r - c2H2 flame . This 

effect is l ~ss pronounced in atomic absorption tt~n in fl ame emi ssion. 

Baker and Gordon26 studied the determination of potassium by both 

emission and absorpt ion in an oxy-acetylene flnce , and have shown that 

the presence of lithium , sodium or cesium increa ses the a pparent 

14 . 

concentration. The cnchance1Jent is in the sawe ord e r as the i nc r easin g 

ioni sat ion potential of the i nt e rfer ing e l emen t s . Trent and 3lavin27 

investigated the determination of strontium , and observed that there 

is an increase in absorption after an alkali metal has been added t o 

the solut i on . As t he concentration of the int~rfering 2l emcnt is 

increased, the enhanc ement ris es to a plateau va lue . Th2 enh~n c ement is 

accompanied by a decrease in absorption if th e ionic ground state line 

is used . The p ercent of meta l ionised is related l Rrgely to thG 

temperatur e of the flam e. Alknli metals ionise to an apprs ciable extent 

in cool flames like air-propane , while alkaline earths ionise sliGhtly 

in the air-acetylGne flame and to a great extent in the nitrous oxide­

acetylene flame. 

(d) Bulk or matrix interfe rences a r c changes in th e analytic~l results 

caused by variations of the viscosity or other physical prope rties of 



the sample solutions . One common matrix effe ct is the enhancement 

CQUS c d by nn org~nic solvent . ( s ee a l so Sect ion I . 4(d)) . The 

improvement o f sensitivit y by the use of ~n organic solv8nt is p3rtly 

th 0 result of nn incro~sed c • ount of sample carried to th e f lame , 

bec :rn s c o f lo ,1e r vi s cosit y ::m d the imp roved v,-...pouri sa tion ( du e to the 

small dropl e t s ize r es~lting fr om th ~ l owG r surf~ c e t ens ion of the 

org~n ic solvent) . 

15. 

Another matrix e ff ect is caused b y different concentrations o f 

dissolved solids in the sample so lutions . As the solution b e c ome s more 

concentra t e d, it flows more slowly through the burn e r nn d a bsorption 

therefore decreases. Such an int e rfe rence c ~n be distinguished from 

ch emica l int e rf e r ence in that its s lope is much more gradual· and that it 

do e s no t r each an asymptot e . 

(e) Ch coical interf e r ence is due t o the f a i l ur e to break c hGmical bonds 

betweG n th e analyt e and othe r ma t e ria ls in the ma trix, when t he solvent 

is evaporated out of the ae rosol in t he flam 0 . The e ff e ct is simila r 

in emission a nd absorption sinc e the e ff e ct i s to limit th e atomisation 

of the a nalyte. Two well- known e xampl e s are the c o~bina tion of 

calcium with phosphat&, and th e combination of magne sium with 

aluminium. Chemical interference is discuss ed in more d e tail·in the 

next section. 

I. 6 . CHEMICAL INTERFERENCES 

Chemical interferences are a common occurrance in both emission 

and atomi c absorption a nalysis. In th0 case o f atomic absorption 

s p e ctrom0try, interferences r esulting from the pre sence of bo th 

added cations and of adde d anions have b een report e d~ 
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Cutionic Interferences 

11 3 . ,_, 
A. ::-..n i n ~nc- first pape r to describ e t bu an~l ys is of pla nt 

mat e ri u l s by AAS , fo und that ~lu• in ium dopressud th e nbso rpti on s i gnal 

of magnes ium. Elwel l a n d Gidl c y
28 

showed that th~ princ ipa l int 0rfGring 

e l era0nt s in th o de t e r minati on of mag~o sium ar0 those t~at form acidic 

oxides t ha t a r e stab l d a t h i gh tempurc tu ro , u . s ., Al, Ti, Zr and Hf . 

Allan a lso ob se rv e d t hat K, Na , a nd Ca do not int 2rf c r d in th e 

magn es ium d0 t e rmina tion. 

David29 s tudi e d the ana l ys i s of c c lcium in p l an t mat0rials and 

found that ions such as ~luminium and~rconium s u ppr ess the calcium 

absorpt i on . He obs e rve d t ha t Ca absorption i s dependent on th e r ~tio 

of fu e l to a ir in t he flaroe , a nd th3t t ho abso r p tion signa l var i e s 

a long th e hGight o f th e flaLle , be i n g g rea test close to the bas0 of the 

flame . 

The det Grminat i on of st ron tium i s s imilar t o t ha t of calcium. 

David3o found that aluminium ~n d s ilica supress th ~ Sr signal whe r e~s 

c a lcium does not . 1 r ent and Slavin27 sav o a deta il e d acco un t of the 

interenc e effe cts, includ i ng th o en hanc emen t o f Sr a bsorpt ion p r o duc ed 

by th G presenc e o f othe r alkali me t n ls. 

An ionic Interf~r en c e s 

Th e int e rfe renc e o f s ulphate, phosphate and sil ica t ~ on th e 

determina tion of c a lcium hav e been report ed by a number of authors . 

Rochiccioli nnd To wnshend31 e xamined the effe cts of variou s ions a nd 

complexing a g ents on Ca absorpt ion in th e air- propane fl aQe . They 

confir• ed th e previous obse rvations tha t r c l~tivc magnitude s of 

depression e ffe cts of s ulphate and phosphate decrease highe r in the 
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flam e , a lthough th e a b so rbanc e 3 l so de creases . Th G r elat ive 

masnitudes o f depress ive eff~ct a d e creas e in th , o rde r 

4-> 3- > 2- > ) -> - o ) -Si04 P04 304 EDTA_ N0
3 

CH
3

coo = d-hyd r oxyquinolin e C1 

Hall & Townsh and32 also i n?ast i gatud the e ff e c ts of a numbe r 

of i ons ~n d compl 8xing agents on the ~bsorbanc e of magn e s ium in t he ~ir­

propane fl ~me . Thay f o und that sul ph~te a n d phosphate (as r 0port c d by 

Allan3 ) a nd oxala t e de crease the s igna l, whe r ea s ch loride, nitrat e , 

EDTA and 8 - hydroxyquinoline 0nha nce th e absorption . Trent an d Sla vin27 

r e ported th a t HCl, HN0
3 

and glyc e rine depress tho s trontium signal a t 

high conc en tra tion ( a f ew~ ) . 

Oth e r work o n th e d e t e rmina tion of a lka lin8 e a rth metals and 

their interferenc es has n l so been r cport ed33 •34 •35 • 

Suppre ssion o f Int e rference 

There are thr ee ways to o vercome th e chemical int e rf e r enc e 

e ff e ct s . These involve : 

i) addi tion of other salts which sup press t he int e rfer8n c e ; 

ii) r emoving th e i n t e rference by ion exc h~ nge o r s ~lective ext raction; 

iii) using a s t andard s i mila r in composition to th e s a mpl e . 

~ 3ny of the c ommon ions , u . g ., sulph~t e, s ilicate, a lumin ium 

and zirconium, which suppre ss the a l kaline earth absorpt ion, cnn b e 

minimised or almost ov e rco me by adding e xces s of lantha num or strontium 

. 3 28 36 37 38 chloride tc both samp l e a nd standard solutions ' ' ' ' • Davict30 

examine d th e determination of Sr i n biolo ~ical a nd soil mat e rials . He 

chose to r0move t he phosphate int e rfe r en c e by ion- exc hange . The sm~ll 

amounts of sodium and potassium, wh i ch enha nc e th e cal cium ~bsorption~ 

can b e tolerated if N3. or K i s added to the s t andard salut i ons . The 
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us e o f a mmonium pyrroli di no dithioca r bamat e ( APDC), extract Gd int o 

methyl isobutyl ketone ( MIBK ) , or oth~r o r ga nic so lvents, as an e ffective 

c onc en trat ion elimi n a ti on o f int 0rf ur enc e h~s be _n wel l ee tablished39 , 4o_ 

Explan~ tion o f Ch emica l Int e rf ~ren c e 

A pre r equisit e f o r t he understanding of th 1 oc currcnc0 o f 

ch emical in te rfe ren c e is th e und e r s t a n ding o f th e me chanism by ~~ ich 

t 1 t d d ·- b · 14 t ' ' h f 11 . h . me~ a oms ar e .1ro u c a . uo 1nson sug ges ea~ e o o~ing rae c anism, 

shown in Table I.2. 

A s amp l e solution i s introduc 2d through th e n e bulise r-burne r 

syst ~m into th ~ fl ame . 1hen a pr e -mixed burner is us e d, th e n ebulise r 

first con ve rts the co lution to a n ae r osol. Thi s ae r o sol i s t hen s wept 

into th e burne r a nd thenc e in to th e fl n~c . In the f l3ma , the dropl e ts 

are dri 8d, th e residu e molt e d an d vnpouri sed, a 11d any c ompound dissocia t e d 

to fr ee atoms, so t ha t absorption m3 y t a k e p l a c e . If th e dri e d salt 

happens to b e a compound tha t does not di sso cia t e r eadily a t th e flame 

tempe rature, the proportion of g r ound- sta te meta l 3toms will be sma ll . 

Thus the presence of pho s pha t e in a solution of ca lcium r e sults in th o 

formation of a r e fra ctory calc i um salt a nd r esults in n n egative int er­

f e renc e . In th e determin~tion of magn e sium in th e presenc e of aluminium 

3n interme t a llic compound i s b e li e v ed to be form 0d tha t does not 

dissocia te a t the fl ame t emp 0r ~ture . 

41 
Cowl e y studi ~s t he mol ecular a nd atomic emission from 

portions of the fuel-rich oxy- a c c tyl e n e f lame fed with a soultion of 

r e fractory oetals . He found tha t 2t omic emission is intens e in the base 

of the flam e 3nd falls off at high e r levels . Nolecular band e mission of 

the metal oxide is weak at the flame base but increase s in stren g th at 



higber e l e vations . This supports the th e ory that dri~d salt is 

c o nverted into atomic v &pour nnd is 0ventun lly oxidised ~sit rises in 

tho f l o.;,1e . 

Physical form 
of samp l e 
in flame 
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So li d 
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At o ms 

Oxid e 

I 
I 

rfoch ;.:-,.nis ,1. of :Hor.; I- rodnct i on 

Reo. ction 

.Svapo rntion 

Di s int e ­
g r ation 

! F:cctors con tro lling 
i-/e :i.ction 

Dro p l et size , fln • e 
t emp ., f ee d rnt u , 
co IDbust i bili ty 

Stabi lit y of c om­
po und , anions, f l a me 
temp ~ratur e ultra­
vi o l e t light ernmit~d 
from fl::.. me 

Accumulation Flame c ompositi on , 
or oxidation stabi lity of atoms 

No r eaction Stability of me t a l 
or r e duction ox i d0 fl ame c om-

1 position 

I P-:lrt o f fl.'.:1.m e 
I 
I 

I Base 

l 
Inner c ::m e 

·,'j 

R~acti on zon e, 
I 

~j 
Out e r ma ntle 

Sl a vin, Spragu e a nd Munning 13 examineG various fl ame para-

meters in the det e r minati on of c a lcium. The y found that n ltho u gh Ca 

may b e d e t ermined a t about e qua l s ensitivity in the air-acetyle n e fl ame 

or th e air- h ydro gen fl am€ , the ef f e ct of ~n i onic interferences is much 

l e s s in the a cetyl ene fl ame . Th e us e o f a fu e l-rich fl ame mo ve s th e 

absorption p eak highe r in the flam e . Th e e ff ect of phospha t e 

d e pression is somewhat r e duc e d in o. rich fl ame , pa rticularly higher 

in the fl amG . 
42 

Mavrodineanu r epo rt ed n simila r e ffect on t he emission 

of calcium in a fu e l rich oxy-acetylene fl ame . Th e use of a lo w 



20 . 

t e rnp0rature fl a me r e duces t he c~ s en s itivi t y a n d g r eatly increases t b0 

inte rf e r enc e e ff e ct. Th e U S 8 o f a n o r gani c s olvent en hanc e s th e signa l 

and shifts th e a bsorption hi c h 0 r in t b e fl n m2 prof il e . 

Yof e , Avni :m d S ti l l e r 
4 3 s howed t ha t ort ho pho s ph:i. t es of 

c~ , Sr a nd B~ 3re c onve rt a d a t 1000 C into c o r re spondi n 0 p yropho sphn t es 

wh ich a re p~rtia lly de c o• p o s e d in th e f l ~• e . If La is a dde d to th e 

solution o f a lkal in e earth me t a l 3nd th e phosphat e , int e rf e r e nc e 

disa ppears . The y i ound tha t l a nt hanum ph ospha t e p r e cipates b e fore th e 

alkaline earth phosphate ~s wa t e r i s e va p o r a ted a t 140C from a 

solution containing both . r hus in t h e p r o s ~nc e o f lan thanum, the Ca , 

Sr or B3 r each e s th e flaGe fr ~o from pho s phat e , a condition suitabl e 

for c ompl e t e VGporisa ti on. 

Llwell a n d 3idl ~y
28 

po s t ul~ted t n~ for ma ti on o f a n Al-~g 

mixe d oxide t o ~ccount for th e s uppr e ss i on by Al o f t h e Mg sign~l. 

To confirm that th e e ff ect i s du e t o the ch emistry of the a spira t e d 

dropl e ts the y aspira t e d s e p::i. r a t e s o lutions o !' A 1 a nd Mg into th e same 

s praying ch a mb e r, whe r e t h e y we r e mixe d b e f o r e ent e ring th e f lame . No 

d . ff t f . 1 b d R b k d . ' ld 44 bt . d epressing e e c o A w::i.s o s e rve . _u es~ an MO an o a ine 

X-ra y diffraction patterns of th e un evaporat e d pa rticles leaving the 

flam e aft e r spraying A 1 and Hg . Th e X-ra y Dcbye-Sche r.r e r diffractograms 

reveal e d that s p in2l (Mg0 . Al
2
o

3
) is formed. 

1'ianscll45 used the rmodynamic data (I'o.bl e I . 3) for the 

forma tion of spina ls to account f o r the r e l e~sing action of La , Ba or 

Sr s a lts. Th e the rmodyna mic da t n for a n oxyg 3n-de ficient system 

revealed ma gnesium a lumina t e Mg Al
2 

o4 as b e ing mo r e stabl e tha n the 

constituents Mg0, Al2o
3 

n nd MgC12 . Al2o
3 

is mor e stable than Hg0; 
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Mg0 is the least stabla of the alkalin~ oxides and t e nds to lose oxygen 

in th e presence o f Bn , Sr or La . Th ~ fr eG energy o f forma tion o f 

a lka line earth ~ lumina t es at 2000 K (f~ble I . 4) has b08n approximated 

L c: 
b y Sinke (quoted by ~ansellt ~) . Mg Al

2
o4 is the l 03s t stnblc o f the 

series at temp e ratures approaching th~t o f the c2H2 - ~i r flame. The 

g r ea t e r stability of c~ , Sr o r Ba ~luminates ~ould th~ r efo r e cause t he ir 

pre f eren tia l forn'J.tion or precipitation, 1 22.ving l'!g atoms fr ·-::0 f o r 

absorption . The rel eas ing ac tion of Ln is presumably c:i.11s0d by the 

same m, chanism . 

TABLi I.3 

Fr~c En e rgy of Form~t i on at 2400 C and 2000 c 45 

2400 C I 2000 ., 
- 1 I 

'-.., 
- 1 Compounds L~G (kcal r~o 1 ) , Co mp ouncls 6G f (kcrtl mo l ) 

f i 

Mg0 - 57 ! B.::-0 - 96 

Al2o
3 

- 216 Mg0 - 77 

.no -18 CnO - 96 

Al
2

0 - 67 Sr0 - 89 

:\12° 2 - 78 B;i0 -91 

A1Cl
3 

- 104 Al2o
3 

- 248 

MgA1
2
o4 - 284 L,'),203 - 293 

MgCl - 29 

MgCl~ - 73 

La2o
3 

-266 



'I'ABLE I. 4 

Free Energy of F .Orm::ition of Alumin:::.t es .1.t 2000 C 
45 

.6.Gf (,:1luminnte) : ,6Gf ( MO ) + D.Gf (ll.1
2
o

3
) + Heat of forer;1 tion 

of c1 lumin.:1te J.t 
298 C 

Comp ounds 6..Gf (kcal 
-1 

mo l ) 

Be Al
2
o4 - 345 

Eg i,1204 - 333 

C'l Al 2o4 -348 

Sr Al2o4 -339 

Bn Al 2o4 -340 

4/31 ::i. Al 03 - 360 

22 . 
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