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ABSTRACT 

A procedure c onbining solvent extracti on enrich

oent techniQues and spectrographic analys is was developed 

for the QUanti tative deteroina tion of nany trace elenents 

in a wide range of s ilicate rocks and in a s eries of highly 

saline Antarctic  lake wat ers . 

Since a great deal of the work depended on s pec

trographic analys i s 9  an inves tigation was carried out t o  

improve the precis ion and sens itivity o f  exis ting methods . 

An inproved method for the determination of spectral line 

intensities was developedq This  was based on the author's 

nodification of the partial Seidel function,  referred to as 

B-functions. A conversi on table for these  is given . A 

s cale calibrated in B-funct i ons was incorporated into a 

Hilger microphotometer enabling euch values to  be obtained 

directly without the use of c onvers i on tables . B-values  

can be  plotted directly on  to  the linear ordinate  of s emi

log paper if the s elf-calibra t i on nethod is used for eval

uo.t:Lng line intensities. This results  in a straightening 

of the characteristic curve with an attendant t ine saving 

and o.n improvement in the accuracy of the background ex

t rapo lation .  A nomographic techniQUe was a l s o  developed 

for use in conjur�ction with this scale and resulted in a 

rapid evaluation of line intens i ties  but with s ome loss  

in precision. 
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Cathode exc i tation as distinct from cathode

layer was c ompared with anode exc i tation under the same 

c ondit ions. Data on 33 elements were used t o  study relat ive 

self-absorption Dffects , absolute sensitivit i es ,  volatil

isat i on curves , times for complete c ombustion9  and background 

effects . Data on 14 elements and 3 5  l ine pa irs were used 

to  s tudy reproduc ibilities in the three matri c es, NaCl , CaCl2 

and carbon .  I t  was shown that ca thode exc i tation i n  a 

carbon matrix afforded the greatest precision for a number 

of the more volatile elements. Anode excitation provided 

generally better precis i on if a NaCl matrix was used.  

CaCl2 was a very unsat isfactory rn.a trix . li1or the more 

vola ti le elements cathode exc i tation provided a higher 

sensitivity than anode exc i ta ti on but with increased back

ground and cyanogen emission .  

The extraction of the elements Au, Zn , Cd, Hg, 

Ga� In, Tl, Sn, Pb ,  As , Sb and Bi from hydrochlori c  acid  

into the three solvents cyclohexanone 9 cyclohexanol and 

cycl ohexane was studied as a· func t i on of acid concentra tion.  

Cyclohexanone is a more effic i ent, but less selective 

extrac t�nt , than cyclohexanol, Cyclohexane has little 

extrac t ing power for these elements. 

Solvent extraction of hydrochloric  acid sol

utions of a series of highly sal ine Antarctic  lake wat ers 

int o  cyclohexanone was used. to enrich the elements Zn, Pb, 

In1 Bi, Fe , Mn, Mo prior to spectrographic analysis . For 
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thi s , the percent extraction of Fe �  rJn and Mo into cyclo-

hexanone from 3N hydrochloric acid was obta ined . This 

inves tigation has shown tha t  one of the s e  lakes 9 Lake Bonney 9 

has most  probably had a s ea w�ter origin o It i s  also 

pos s ible that another of these  lakes9 Lake Fryxel l 9  may also  

have conta ined s ea water in  the past . From the relativ e  

abundance o f  the various elements in the o ther lakes , i t  

wa s possible t o  c onduct a geochemical reconna i ssance of the 

areas surrounding the lakes . This suggested trillt  the two 

mos t  likely areas for minera l i sation in the McMurdo Oasi s  

area of Antarctica are the regi on surrounding and feeding 

water to Lake Hoare and the regi on surrounding Lake Joyc e o 

A c ons idera tion of the theory of dis continuous 

c ount ercurrent liquid-liquid extraction has shown that 

i t  is poss ible to s imultaneously determine the extra c ti on 

chara cteristics  of a large number of elements for a given 

s olvent system o If this technique is  c oupled with spec tro-

graphic analys is the determina t i on is particulnrly rapido  

The extraction of the elements Ti , V, er , �Jn, Fe , Co , Ni 9 

Zn9 Ga , As, Nb, M o 9  Ru, Rh, Pd , Ag, Cd, In, Sn, Sb , La , vv ,  

Re, Os , Ir , Pt , Au, Hg 9 Tl , Pb and Bi from hydrochloric 

a c id into methyl is obutyl ket one wa s studi ed a s  a functi on 

of  acid concentra tion .  The data were obta ined b y  s tudy-

ing spectrographically the distributi on patterns of the 

elements after equilibrat i on on a dis c ontinuous c ounter-

current liquid-liquid extrac tion appara tus . A c ompari s on 



of s ome of the data s o  obta ined with results for the same 

system as  reported by other workers showed that the tech

nique is  val id and accurat e .  

Us ing thes e  data i t  was pos s ible to  devi s e  a 

s cheme vvhich c ould separa te Fe from the ma j ority of the 

( iv ) 

trace elements extrac ted by cyclohexanone from a hydrochloric 

acid solution of a rocko By a c ombina tion of batch extrac t

i on with cyclohexanone and c ountercurr ent dis tribut i on w i th 

methyl is obutyl ketone i t  was possible t o  obtain quanti ta tive 

data for Zn and Ga and semiquanti tative da ta for In in a 

wide range of s ilicate rocks by spec trochemical analys i s . 

By the use of extraction int o  cyclohexanone c oupled w i th 

atomic abs orpti on spectrometry i t  was possible to det ermine 

the c oncentra tion of Pb, Cd and Bi in the same sui te  of r ocks . 

By the use of thes e  �echniques i t  was pos s ibl e  

t o  obtain fresh abundance da ta for the above elements in 

the four s tandard rocks , G-1J W-1 9  C�\S syeni te  and C�\S 

sulphj_de . 

The cyclohexanone/hydrochloric acid extra c t i on 

sys tem provides a sa tisfactory enrichment technique for 

the spectrographic analys i s  of trace elements in material 

with a low Fe c ontent . For mater ial c ontaining a high 

c oncentration of  Fe.9 i t  is  neces sary to combine thi s tech

nique with discontinuous c ount ercurrent liquid-liquid 

extraction t o  s eparate  the_Fe before spectrographic ana lysi s . 



However � Qnder these c ondi tions? certa in elements can be 

determined by direct atomic abs orpti on spectrometry of  the 

cyclohexanone extracto 

(v ) 
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