
E'LAJlLE E MISSION SCANN INO AS AN ANALYTICAL TOOL 

rN GEOCHEMICA ll S'l' UD lES OF' ALKALI l\1ETALS 

RIASSU~'!'(), - Ncli 'ultimo dCC(:llllio le tecniche analitiche basate sulla apct­
trofotometri" dell'CHlissioni' di filHnHla sano ~tate progrcssi,'ameute sostituite dai 
metodi basa t. i sul! 'assorbimeli I O atcmi~o, Qucsto !n:nd è riscoutrabile anche ncl­
l'analisi degli alcalini, sebbene questi pre8Cutillo earntteristiche molto favorevoli 
per la loro detenninflziolle mediante emissione di fiamll1n, 

Comunque, proprio le strlllllentazioni attualmeute disponibili per l'assorbi, 
mento "t.omieo hanno fornita npparecehiature "dM,te ali 'effettuazione di analisi 
mediante scansione dell 'emissione di fiamma, cd hanno quindi direttamente ri· 
proposto la \'"litlità di <llIest 'ultima tecnica. 

Nella pre~cnte notn '·cngono discussi i risultati mctodologici consegui t i mo­
diallte !:IC,uLsionc del! 'c"lissiollc di fiaulIlllL nelle anlLlisi geochimiche degli alea· 
lini. [.c !lCllsibilitll. ottenute con l'impiego dello spettrofotollletro Perkin-Elmer 
303 sono le segnenti , espresse in microgr:\lnmi per litro: 

Nn 0,0:' K 5 Li 0,1 Rh 2" CI! 200. 

Nel Iln·oro '·eugono diacu>!86 le mlrlltteristiche delle determinazioni basate sul· 
l'emissione di fimnma, siu mediant.e scanaione che sen7.a, con particolare rileri· 
nLCnto aH 'analisi del litio. 

Pregio e~!lCnzi"le dell'lmaliai condotta mediante 8cansione risulta essere ulla 
~pecifieità. ccceziouahllente elel'ata che consegue dn un tipo di misura concet­
tualmente simile li quella ~pettrogrllfieu . P er il l,i, Na c J( ciò è aCllOmpagnato 
dl\ una seusibilità mol to ele,'a"L. Pcr questi elemeuti il pertanto possibile effet­
tuare analisi geochimiche di qU:lli tà lLIolto ele,·uta. 

AIISTKACT. - 111 !he last dec'Lde, fiume emissiOll photometry has bC(!1l pro­
grCllsi\"ely subt;titntod by 1lI0mie absorption ili the analysis of alkali metala, But, 
at thc 81une timc, the inHtrl1lnent.~ ,w"ilablc ior atomic absorption ha,'O lurnished 
a ~uit:lblo tool for trnce analysis of theso elcments by the scanning of flamo 
cmissiou . 

The reaulla obtaineù on :lPIIlyiug flame cmission speetrollhotometry and the 
peculinr chnr:Lcteristics of this nualytical method are discu8l:led in tbe present 
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puper, The !lçn~ith'ity ,"chie,'ed wilh the Perkin·Elmcr 30:\ "I,(.o.et rophotometer for 
Iho fi,'o alk:tli 1Hetnl~ Il!, in microgrun" per litrc, us follo " '.'I: 

Nn 0.05 K (; Li 0,1 Rh 2:'; C8 200, 

~'I:lIne emi8llion :u"I1,·",s has hceu >l'udied, and 81lplicd, ",ith lIeIIuning a~ 

,,'eli as \\'llhout il. We \\'ollid likc IO Slrcu (irsi of nll tbc high 8ellsiti,'ity ob· 
tained for Nn, Li, I\nd K. Fl~"le ('mi*l ioll sennni llg IS, moteo,'cr, highly specifici 
il. iII, from :1 phcuomenologicul ,'icII']>oi11l, quile similnr to '1,(X!trography. 

The record~ ili ~'ig, r, sholl' Ihe high ":llne of Ihc blH!kgroll ll,Vsignlll rutio 

wc mct in the IIllulysis of gcodu'uoicnl Nurup \el! , The8e records stress ho\\' 1\ relinblo 
:HlAlysis can bo perform",1 onl), by Mcnnning, The rC8ul18 of lithium annly8i~ of 
fonr li ,S.O.S. Stund" rd Roeks are al$() tCllOrled, 

Tho l!oensitil' il ), ulld 8l,eei fi .. ily of lite method cn:lh1c U~ to carry out high· 
qnlllily l ,i n llal)',ill down lo 0.1 ,ug/ l in 801ution, whielt corTCtlpondl! lO O.X p"", in 

8()Jid l!allll'lc; Ihill cOI'CTl! any kind of "nalytiCfll lIeede in geoehemistTY. 

1, ' Introduction, 

In the la .. ' deellde flame cmissioll techni<lue IUIS been gradua ll'y 
disrel!arded Ilg /In 811/11),tienl tool. 'l'his u'en d is c" idcnt in the aualysis 
of alkllli metllis too, though tlH'SI' elementi; displny highly positive 

emission chlll'lIct.el'istics. 
FI8me emis. .. ion techni<lue Wil~ graduali)' substituted by 8tomic 

Ilbsol'ptioll methods, fOl' the fo llowi ng reaSOIlS, 

0.) Atomic nbsorption IllCllsur('mcnts furllish - generally speak­
ing - high <lun1ity l'esulti; beell use of the low interference from other 
elements and/ ol' compound~, limi bec8 use or the high accurac)' thllt 
enu be obtai necl wltell the concentl'lltioll o( the elemcnt tested (01' full s 
within thc optimum deteetioll 1'llIlge, 

b) Atomic absorption metho<ls e/l n be applicd to Il IUneh wider 
nll1ge of cle!n ('n ts, 

c) ComllH're illl atomie Ilbsorption illstrumCllts /Ire highl)' l'el i­
uble IInd their wcll design ed optiollnl /lecessories c/l n greatly increase 
tlle performance Di th e basic instrument as regards the quality of the 

('"eutual 1I11lllyticnl results, the l'auge of a pplicab ility of the methoo, 
as well 8S t lleir pl'ooueti"ity iII routine work, 

Besidc 1111 Ihese positi\'e factors, a few limiting aspects intrillsic 
to /ltomic IIbSOI'I)tion mellsurements must bc stressed too. Atomic 
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Itbsorptioll mCH.SUl"Cmcnts a)"(~ usun.lly CHl" ried ont by compllring thc 
intcnsity of thc absorbed light with thc intensily 01' thc source_ 

Whcn incicIent alld absorbed fl uxes are vcry s imilar, the measu­
reme.nt suffers from lo\\' accurllCy. The real sensiti" ity of the A.A . 
method is, in facl , illtrillsicllll:r limited by the diffieulty of obtaining 
relillble physical mellsurements o[ very slllall diffcrenees in light in­
tensity (a.pprox. lO - S) II nd , moreover, by the difficulty or dcriving 
Ihe prescnce uncl concentr-nt.i (tll or the elcment under iuvestiglltion from 
such small differences, since oth er physieo-chemical 1}I"OCesses can cause 
changes or the 81uue crder of mugllitude. 

Emiss ion photometry is clutrneterized instead by the direct pro­
porticlllllity betweclI COll ce lltratioll alicI rlldiatioll intensity, This eha­
raeteristic cll n r('sult in Il nluch higher sensitivity lIud iII a wider 
\\"orking r'unge of conccntrllti oll s, IInd both o[ ll)ese cha l'acte risties II rc 
or essential im portullee irl geochemical arralyses. 

fn fact, the sensiti"ity or the A.A. technique for lithiulII, rubi. 
ditun, and caesium is often 100 lo", with respcet lo the content of 
these elelllents in mally kinds of IUltural substllnccs ( frcsh and sea 
wH.te r, some types of rocks like e\'lIporites, etc.). 

For fh is rcnson , a systelllnlic st.ucIy WHg underlaken with the 
purpose of cl'iticall.v evnlunting Ihe perspecti\'es offered by the a p­
plicatioll of ftllme emis.'lion speetroplrot oml'try, with nnd without scnn­
Iling, to tlrc geochemieal analysis of IIlknli melnls. 

rt is to be noll'd Plirticulllrly thllt the aeeessories of up lo dal e 
commerciai l.\ .A. instrUIlH'nts provide <Iu ite suitablc 100ls for fiume 
emission Hnl!.lysis. In the prf'senl study 11 Mod. 303 Perkin·Etmer 
spectrophotom ct.er was used, fittcd with the acccssor ies fo r emission. 

Wc deal here with the l'esuli .... or the methodologicul study, with 
plI.rticular rcfercnce to the Hunlys i .. or lithiUDI. 'rh is element is in fact 
of great geochcmiclI. l interest. ; Illoreover the rcs\ùts obtained for this 
element give some indication as to the possibilitics of analyzing eaesiullI 
n.nd rubidium too. 

2, - The Analysis of Alkall Metals by Flama Ernis.ion. 

The range of possibilities of the equi pm ent wc ha"c, was tcsted 
ror Nn., K , Li, Rb. and es. In Fig. 1 lire showll the recorder traeings 
ohtail1ed , by !:lcu nning, for th e ulk"li Illetals. An aeetylene.air flume 
alld n. lO cm burner were used. 
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\Ve pOblt Ollt, first or all !he sensit,ivities obtained, whi ch are 
showll in Tllble .l hl complll'ison with the sensitivities oi atomic 
abso rptioll. It. tUl'llS out that emission photomctry clcarly offers lll llCh 
higher sensitivity as far as sodi um and lithi um are coneerned, thOllgh 
less so for potassium. \Yitholl t going too mllch into detai] Oll the 

Na 

bla nk 
eq uivalen t 
to 10 p.g / l 

blank 
eq . to 8]1g / 1 

Li 

0,3 fS/l 
NaCl + KCI 
.0 1+ .01 M 

Rb 

fre sh wate r 
natur a l cont. 

Cs 

l mg/l 
added to 

fresh water 

Fig, l. - He<'.ords ~howillg the emission SC>lnning of 
the analylical lines of Ihe alkali ]llet'LI~, slarling f rom 

lo\\' lel'cl soluliolLS, 

wOl'king lllPiwing glV('1l to t he tel'lll «detect ion limit» in the al'ea or 
a tOlllic ausol'ptioll teehni(l lleS, we have to point out. that the sellsitivity 
of the f lame cmision scallui llg is illdicateli b~' HS HS th e CO'llee'lltl'lItioll 
yet detoota ule wit.h lhe llecessal'y speci ficity, 

Al; shown in t he l'ecords or P ig, l , the vcry high sensitivity or 
sod ium IUld pota.<;si um detect.ion is of no practical use, due to t hc 
wi despl'elld contamillation oi thcse two elcments, T hc sodiulll Hlld po· 
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T ABLE .1. - Sensitivities al Alkali Meta/. Analysis by FlArnc Emission 
Scawnimg and Alomic Absorption ( 71àcl"ogmlltS pe,- litre ). 

Na K L; Rb 
5890 7665 6708 i800 

~'lalllo ElId$sioll 8c3l1ning 0.05 5 0.1 25 

Abs. 40 100 70 200 / for 1% 
A t.ornie Ab~r]ltion 

" Del. Limit 

• 
< 

• 

4 5 5 

10,000 

.00 

·6 ., log mo les per litre 
_4 _3 _2 

Fig. 2. - f'lamo cmisgioll calibratiOIl curve!! lor Rb 

3nd K obtaincd without seallnillg, starting from solutiollS 
wit.h lo,," eOlltollt of intorfering caliollS. 

5 

C. 
852] 

200 

500 

50 

tassium contained in air and j or in aectylcllc (!a.usc all emission Ilpp rox. 
equa!. to the emissioll of a 10 ppb solution. 

Fig. 2 shows the emission-concentration curve!> fOI' aqueous solu­
tions (pH,.... l ) of potassium and rubidium, obta ined wit hout sctlnuing. 
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These calibrHtiOIl curvcs wel'e utilized in llumCI'OUS allalyses of these 
elements in th e eonccutration l'allge from lO - t; to 10- :1 M. 

'l'hesf' curves point out olle or th e positive chnracteristics or e1l11S· 

sion IIllalysis, that is the possibility or cnrry ing out good qllality ana.­
l;\-'scs over a vel'y wide nl1lge of eonoont l'H.t iollS us ing only one nJwly­
ticnl bile. 

3. - Analysis of Lithium. 

As nh'endy ment ioned, our mcthodological studies were focuscd 
Oll th e almlysis of lithium. A better kn owl edge or the distributioll and 
circulat ion or th is elcment is or grcat geochemieal inlerest. The ionic 
and crystall oeh cmicllI featur'es of this element lu-e in fae t quit e pe­
culia r. Its small ioni c radius (0.68 A IIS eOlllpared with 0.97 for Nn , 
1.33 for K, 1.47 fOI' Rb, and 1.67 fo r e s), makes it impossiblc for 
lithiulll itself lo enter tll e lattice structure or fhe minerlll s of other 
alkali llletais. 

Among the llIa,jor clcmcnts, th e cllly oil eS that show an ionic 
radius similar to lithium w'e lVlg and Fe, but the differenee in the 
ionie charge - nnd in ionic potentia l ( Z/ r ) - tends to restrict thc 
geocll emical nualogies between lithium 11nd these clements. 

hl the supergene cllvironm ent, lithium cnn enter the lattice struc­
t Ul'C of clay lllinerals, but st..'t:ondar.v minc'rals or lithium with low 
solubili.ty do not exist. 

The ovcrall resulting behaviour of lithium is chanlcterir.ed by a 
high geochemicll.1 mobility. 

Even if the geochemistry of lithiulll is known in its essentinl 
aspects, the lack or analyticlli methods of high scnsitivity has limited 
up to now th e extclldin g of OUI" knowlcdgc to spec if ic geochemicnl 
processes sueh as, e.g., th e lca.ehing of lithium by fresh wRlA' r and 
the distributiOll or lithium ootweell preeipila,tes and solutions in cva~ 

]>ori t ic proeesses. 

Th e alla!ytical method !wcsPllt.ed hcrc hlls been widely u.sed in 
study ing th e gcnchemi(:HI behnviour of lithium in th e abo" e natural 
proccsscs, and th e l'CSU1tS obtaiued will be diseusscd in separate papcrs. 

Fig. 3 shows the emiss ioll-collcentra.tion curvcs wc got without 
scanning. The figure shows both tlle curve ohtllillCd with a lO cm 
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fiume (the S<lIne bumer used iII lI.tomic absorptioll J)lnced along thc 
optical axis of thc instrument ) HS wel l as tlle curve obtll incd with il 

burner al1rHnged perpen dicular t.o th e optical Il,xis. l'''or COllvenience of 

,·cpl'l'SCnt.ll t.i<m, the "lIlues of il1>tensitics correspollding to the stl"aight 
lin I" Plll·t ... of th e CUI"Ves ha ve beell cquu lizcd for the same COll centratiolls" 

< -• 

, 
• ., 

, , / 
., ., 
., ., 

10~ ",01 .. p., III,. ., ., ., ., ., 
., ., ., ., , 

lo~ ,'."'1 ~I Iit •• 

Fig. 3. - l .ut~IIBity·ton f.c nl rnlion rclationa fQr tll c dctcrmill ll t iOIl of 
l. ithiulIl without llellnnil ll{. 
The foot·like tUro·L'!! 011 the left indicale the interferentI: cUcet 
inducctl by rellrc!It;III:I.I"·e 1I1It.\Jrlll mal ri ccs. 
'l'he IIrell hctweo..l1 Ihe ~ tr:li" hl li ne :11111 cncll c: (oot _ ilidicllh.'I! the 

uucortniuty or the 1I11Hlyticul n,~nlta stnrting f rOlli thi ~ killd or 
"'ntrix (!!Ce text ). 

The narrower fiume curve shows the bending ca used by self· 
absorption at eoneentru tiotls higher than those at wh ich the analO­
!«IlIS infleet.ion takes pIace with a longer flame. 
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.Each Or t hc curves givcll shows ho\\' it is poosible to work in a 
concclllratiOIl range of ;; 01" 6 decimai oloders without falling illto 

ltngu\;u corffi cients so low as to spuil t he measurement by too rntlch 
tlncertainty. Both of thc CUl'ves wel'e obtaincrl fl'om 1\(lueous solu tions 
(O.1-N l-I CI) whi ch contained only lithiulll 11S a clltioll. 

1n reali t)' , gcochemical studies l'equire th e analysis of eomplex 
and widely valoying mntrices, where lithiulll, moreo\'elo, Clln be presellt 
at trllce or ultratrace leve \. In ot ller words, it often Ilappclls that sub­
stances are to be analyzed tilat sho'" an em issioll caused by othe r 

elemellts, or ali intcm.ity suffic icnt to spoil the specificity of the. men­
sUloemenL Ali othel' conditiolH; beillg equa l, lhis kind of in terference 
depen ds Oli the bandwidth. 

Bandwidth is onc of thc Illost importunt panlllleters with regard 
lo thc goal or thc OVei"ll.H qualit.y obtainable. 'l'his panlIlieter in fact 
eon ditiOIlS th e lill e 1.0 backgl' o,und ralio. Lt woulcl be thereforc con­

vellient to 1I111TOW fhe baud, but the lo\\' stability of the mOllochro­
matol' alignment fol' instl"um ents of this eblss hindCl's, in pl'actice, tlle 
Ui;e of Il vCl 'y low bandwidth , 

·Wc musI. I"cmember 1.hllt lligh- pe-r for mance direct-reading spec-

1.rographic t-'<Iuipmcnt. al"C speci f icHIly des.i gn ed to guarfwtec this 
lt1iglllllent (e.g. , t herlllostatilig th e cqui pmcllt), and therefore to mini­
mizc the bandwidtll and get. a high signal to background ratio. 

tn thc. Hna.lyses carried out \\"ilhout SCHJlIling, the best compro­
mise betwccn th c eontnlsling l'equiremel11.S above cited was obtained 
with a 13 À blllldpass, taking into IlCCOllllt the observed drift of the 

1ll0nOehrOlllatoI' durillg short l'uns. 
I n Fig. 3 is also shown th e behavioul' of meusul'ClIlcnls r esul ting 

hOIll allalyses of rcpre..<\Cnlat.i ve natul'li.l matri ces, Ih1l.t is, sea \Vater, a 
samptc of frcs h watel" fl'om the fJutiulI1 Hegion, and the solution ob­
taùled from perehloric-hydl'ofilioric acid <ltta.ck of Il U.S.G.S. standard 
l'ock. At. low coneen t l'alioll , a largc fl'action of the measured intensity 
is matrix emi ssiOIl in t.he 13 À -wi de band. It shows up IIS Il «foot.» 

in thc lcit side of the CUl"ve becat.LSe or t he log-dl'ithmic scale, 
The I"el iability of the analyses tllrllS out tu de pend 011 the ratio 

of lithium cmission to tlte emission of other cations. The experiments 
perfol'llled indicate thllt calc ium ilnd sodium lire the elemellts which 
ca use the most interference. 
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Fig. 4 shows the lit.hi um emission-collcentrat.ion curve obtained 
by scawnillg, slarting from a solution of 0.01 l\l NaCI + 0.01 M KCI + 
+ 0. 1 N H el. 

By scan lling analysis it is possibl e lo cleal'ly cui out t.he back­
ground em ission and to obta in a precise mcasurcmcnt. of the intcnsity 

10.000 

• 
'" 

• 

109 moles per litre ., ., ., · 4 ·3 ., ., ., ., ., -3 ·2 ., 
109 grami per lit,e 

}'ig. 4. - IlIl ell~ity ·cO lLcell tratiOIL rehtt.ioll of flam e eUli~s ioll SCII ll' 
lIi l1g almly~is af 1.ithiu!H ( IO cm llarne). 

or Ihe analytical line. A comparisoll with the cUl'ves of Fig, 3 shows 
that the lInaJysis by sca lllling enable us lo dctcct lower lithium COIl­
c(.lltrat.ions, with in additiOll Il high e,' specificity. It cnn be pointed 
out tha.t. tlte emission duc to sod iulll and lo pOlassiwn in the concel1-
trations used, would othen vise appear lo be due lo 3.ug/ l of li thium 
in tlte SOIUtiOll. 

Noticc the v<ùue, which exactly equa ls l , of t he slope or t he stra igh t. 
Une part of the curve. 'l'his is (lI so d ue to the bufferi ng effect of 
sodium and potassi um on Ihc ionizatiOll of lith ium. 
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4. - lithium Analysis of Geochemical Samples. 

Aside from the need IO discriminate between thc emission of the 
analyticn l line iUHl the backgrowld emission , it shou ld bc kept in mind 
Ulal, fOI' Il givell concentl"1ltion of t.he element nnde]' examination, 
cmission int.ensity depends 011 the phys icu-chemical eUllditiuns of t hc 
SOurce. Among the most. impOt·tllllt [actol"s can be mcntioned the tem­
pr-raturc of the flilme itself and thc influence of alkali metals 011 iOlli· 
;mtioll , ,md t·hus on emission. 

'Ve have n01 studied thc effect uf othe t· di[fe t·ent. flames, givell 
th e satisfllclory results obtained with the aeetylelle-ail" flam e. 

We did study howcver ho\\' the presence of sodiulll , potassium, 
aud sodiullI + potassiulll infl uenees lithium emission. Th c éoncentra­
tions or sodiullI ,md potassiulll examined covel" two decimai orders, 
viz. from 10- :J to IO - l ì\'l , while lithiulIl eoneentration was kept COll· 

stant al. lO- r. M. The result s obtained show that the effeets on the 
yield a re in th e> Ol-der of magnitude or 5%. 

'l' he vllriation eoe ffi cient of repeated trial s by scanning turns oul. 
to be arowld 3%. 

Lithium W!lS analyzed, by seallning, in the V.S.G.S. slalldanl rocks 
with thc lowest. lithiulll eontcnt. « 2 pprn ) ; for t his reason tllere were 
110 ]'ecommcnded Ilor reta in ed values. The ]'ocks llnalyzed belong to 
t.he second series prepal"ed by the U.S.G.S., "nd are D'l'S-1 and PCC-l. 
In addition , 0-1 !lnd W-l were analyzed. 'L'he values 22 and 14.5 
respectively are «" etained» l'O!' these t'oeks (Flanagan , 1973). 

TAllLE 2. - Lithiltm A'Iutlysis o{ a.s.o.s. SIa1tdal"d Rocks ( ppm). 

D'l'S· l 1.8 PCC· \ 1.1 22 W·1 12 

']'he data shown in Table 2 are thc aV('fllges of tlle values obtained 
from deeompositolls t"epell.ted two or thl"C(' times. The sampl e was de­
composed ùy sinwl"ing with sodium peroxide, and til e sbltered mnss 
was dissolved in 3M-H Cl. This ty pe of atta ck has proved to be high']y 
reliable, both US ]·ega.l"cls the effic.iency of tJle decompositi on itself, an d 
beCII\JS(' t hc sod iwll pel"oridc has ti. low lithiulll content, i.e. less than 
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0.01 ppm; the illtcl'fel'cnce f rom sodium is dii tu rll clim inated by SCRn­

Ilin~. The ol'iginal reoords a.re showll in Fig. 5. 

1 n the same figure is showll the l'CCOl'cl fO l' t he analysis of a 
halite sample, from Sieily (ser ie Gessoso Solfifera). This scqucnce WII!,; 
studierl in detail for the clistributioll of lithium. 

1.3Jl. bandpas$ 

• 
" , , 

Fig. 5, - fWeords oòtaincd uralcr Illlfavoraòle eonditiOI1!! òecause ol a high 
Na.jLi ratio. 

Thc U.S .G.S. 6t,,,,dar,] rocks lIave becn nttucked by aintering with N~O., ,md 
the hnlite sample hall òeell di~!WI\'ed in diluto HOI. 
Notice tho high backgrOlLnd to signal ratio of this latter ~amplc, thut hinders 
thc Lithinm dctcction without seaunillg. 

Thc l'ooord obtained firOIll UIC halite SHJll ple, in pRrticulllr, points 
ou.t t he clm.rac.teristie advantages of an alllllysis performed by scllnning. 

These advan,tages c.:'1Il be summarized as very high specifieity and 
sensitivity, even better from an overal! point or view tllaJl for spec­
trography. 

R .nd"'onli S.l.M.P .. l7 
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The analytical sensitivitics for caesiullI and rubidium can be 
greatly impl'ovcd, in our opinion, with the use of a red sensitive 
photomultipliel·. 
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