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ABSTRACT 

Following a brief description of the principles of atomic absorption 
spectroscopy, methods are described for determining magnesium and iron as 
major constituents, and zinc and lithium as minor constituents, in rocks and 
minerals. These methods not only serve to illustrate the potential sensitiv­
ity, precision and simplicity of this technique, but also to illustrate unex­
pected interferences and other limitations . 





ANALYSIS OF ROCKS AND MINERALS BY ATOMIC 
ABSORPTION SPECTROSCOPY 

Part 1 - Determination of magnesium, lithium, zinc and iron. 

INTRODUCTION 

Atomic absorption spectroscopy is one of the newest analytical tech­
niques, the first report in the literature having appeared as recently as 1955 
(Walsh, 1955 ). This technique was first considered for use in the Geological 
Survey of Canada as early as 1960, but commercial instrumentation was not 
very well developed at that time. Since then, at least ten different manufac­
turers have put atomic absorption equipment on the market - three American, 
three British, one German, one Italian, one Japanese and one Australian. At 
least three manufacturers offer models in more than one price range. So 
rapid has been the growth of the use of atomic absorption that it was estimated 
in the summer of 1')66 (Kerber, 1966) that over 1,500 instruments were 
already in use in North America alone, over 90 per cent of which had been 
purchased in the preceding five years . 

Principles of Atomic Absorption 

Details of the principles of atomic absorption spectroscopy have 
been described in a multitude of references. The following outline gives only 
a general idea of the method, and shows how it differs from other forms of 
optical spectroscopy used in analyzing g..eological materials. 

If a solution is sprayed into a flame, a portion of the solute is 
reduced to free atoms of its constituent elements. Some of those atoms will 
be further "excited" by the heat of the flame to the point where they will emit 
radiation of characteristic wavelengths - as in the famil iar flame test for 
sodium. The vast majority of the free atoms are not excited by the flame, 
and are said to be in the "ground state". Such atoms are capable of absorb­
ing incident energy at certain discr ete wavelengths, known as "resonant 
wavelengths". Thus if light of a resonant wavelength of a particular element 
is passed through a flame into which a solution of a compound of that element 
is being sprayed, a fraction of that light will be absorbed by the ground state 
atoms of the element. Measurement of the fraction of light absorbed is the 
basis of atomic absorption spectroscopy. 

In practice, the incident light is generally produced by a "hollow 
cathode" lamp, designed to emit the characteristic spectrum lines (which 
include the resonant wavelengths) of a particular element. The flame should 

Manuscript rec eive d April 19, 1967. 
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be hot enough to decompose compounds of the element, thus providing free 
ground state atoms . However, the flame temperature should be such as to 
minimize excitation of the atoms to the point where a significant proportion of 
them will emit light of the same wavelength as the resonant line. The res -
onant line, originating in the hollow cathode lamp and reduced in intensity by 
the flame, is isolated by means of a prism or grating monochromator, and its 
intensity is measured by a photomultiplier tube. 

In the ideal case, the concentration of the abs orbing element is 
related to the fraction of light absorbed by B eer 's Law: 

c = k log ~ 
I 

where c is the desired concentration, 

lo is the intensity of incident light, 
I is the intensity of transmitted light, 

and k is a constant 

Among commercially available instruments, points of difference may 
be found in the type of source lamps used, the design of the burner and sam­
ple aspirating system, the optical arrangement (including monochromator 
design, wavelength range, etc.) and the read - out system (meter, null­
balance, digital, recorder, etc.). 

Flame photometry is closely related to atomic absorption, and it 
might more properly be termed "atomic emission". In emission flame photo­
metry, the intensity measured is that of the light emitted by excited atoms in 
the flame. Selectivity between elements in the sample depends mainly on the 
monochromator, which must discriminate between the spectrum lines of all 
of the elements in the flame. In atomic absorption, the source lamp provides 
the major basis of selectivity . An interrupter or pulsed power supply in the 
source, to which the alternating current detector circuit is tuned, eliminates 
the effect of continuous radiation from the flame . Thus the detection system 
deals with a relatively simple spectrum, and hence atomic absorption is much 
less subject to inter-element interferences than is emission flame photo­
metry. Most of the commercially availabl e atomic absorption instruments 
can be converted for use in flame photometry, if necessary. 

The emission spectrograph operates on the same principle as the 
flame photometer. It differs from the latter mainly in two practicalfeatures . 
Fi1 stly, the spectrograph can be used with solid samples, while both the 
flame photometer and the atomic absorption spectrophotometer can analyze 
only s olutions . Secondly, the spectrograph, whether direct-reading or 
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photographic, can determine numerous elements simultaneously, whereas the 
other two techniques normally can handle only one at a time. However, at 
least one multi-channel instrument is commercially available, usable in both 
flame photometry and atomic absorption. In general, the spectrograph offers 
the advantage of speed and sensitivity, whereas atomic absorption is more 
precise, less expensive and less susceptible to interferences. 

The ordinary spectrophotometer or colorimeter is also related to the 
atomic absorption instrument in that it also measures the sample's absorption 
of incident light. However, the light source is then a continuous spectrum 
and the absorption spectrum is characterized by broad molecular bands rather 
than sharp lines. Selectivity depends mainly on the chemical treatment of the 
sample before photometry. In many cases where ordinary spectrophotometry 
requires isolation of the desired element by means of chemical separations, 
atomic absorption measurements can be made after little or no chemical 
treatment of the sample solution. 

Atomic absorption is a versatile and useful analytical tool which has 
many advantages over other spectroscopic and chemical techniques, but it 
also has limitations. It will likely replace other techniques in many applica­
tions, but by no means in all. 

GEOLOGICAL APPLICATIONS 

Most of the published geological applications of atomic absorption 
spectroscopy have been concerned with the determination of base metals in 
ores, natural waters and mining and metallurgical process solutions (Belt, 
l 964a; Farrar, 1965; Fixman and Boughton, 1966 ). Relatively few reports 
have appeared on the determination of major and trace constituents in silicate 
rocks (Althaus, 1966; Belt, 1964b; Slavin, 1965; Trent and Slavin, 1964b). It 
is known, however, that several laboratories are actively developing schemes 
for complete silicate rock analysis in which atomic absorption plays a major 
role (Althaus, 1966); (McKay, 1966; Muysson, 1966; Shapiro, 1966, personal 
communications). 

The four applications described below cover a range of analytical 
problems and illustrate some of the complexities encountered - not all of 
which were expected. Most of the work was done on aluminosilicates, and 
therefore sample decomposition was a problem. Many silicates leave insol­
uble residues, regardless of the technique used in dissolving the sample . In 
most cases it is necessary to establish whether or not the residue contains a 
significant portion of the desired element, and hence whether or not it is 
worthwhile to try to bring the residue into solution. 
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Apparatus 

All of the work was done with a Techtron Model AA-3 Atomic 
Absorption Spectrophotometer, equipped with Atomic Spectral Lamps Pty ., 
Ltd., hollow cathode lamps, a flat-topped 10-cm slot laminar flow burner, an 
R-136 photo-multiplier tube and a scale expander unit. A Varian G-10 
Recorder was used in some of this work. Other types of equipment would 
probably be equally effective, with little or no modification to the methods. 

Compressed air and acetylene were used throughout the work. Air 
pressure was maintained at 18 lb./ sq. in., while acetylene flow rate was 
varied to attain the desired flame conditions. 

Instrumental operating parameters were based on the manufacturer's 
instructions, and required few changes. 

DETERMINATION OF MAGNESIUM 

Magnesium determination presents problems in most schemes of 
silicate rock analysis. In the classical gravimetric scheme, magnesium is 
determined as the pyrophosphate only after most of the other major compo­
nents have been separated. Thus all errors in the separation of the other 
elements tend to accumulate on this "end of the road" element. These errors 
become even worse where either calcium or magnesium greatly outweighs the 
other. 

In most "rapid chemical" analytical schemes, magnesium is deter­
mined by the difference between two EDTA titrations: one for magnesium 
plus calcium, the other for calcium alone. Again, errors multiply as the 
ratio of Ca/Mg increases . At the Geological Survey of Canada, this problem 
was solved, in part, by the introduction of the "magon sulphonate" colori­
metric method (Abbey and Maxwell, 1962) for small amounts of magnesium. 
However, that method did not eliminate the need to separate the Rz0 3 group, 

an operation which requires some compromise between speed and accuracy. 

In the X-ray fluorescence scheme now in use, magnesium is the 
lightest element detectable, and results become less reliable as magnesium 
concentration diminishes. 

Magnesium determination is one of the most common applications of 
atomic absorption spectroscopy. In this work, it was decided to apply it to 
an aliquot of the sample solution prepared for the chemical determination of 
sodium and phosphorus, two elements which cannot be determined by X-ray 
fluorescence under present conditions. The solution is prepared by digesting 
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the sample with HF and HCl, evaporating to dryness, and again evaporating to 
dryness after the addition of HCl alone. The residue is redissolved by the 
addition of a few drops of HCl and a small volume of water, and then made up 
to volume in a volumetric flask. 

Interferences 

As expected from perusal of the literature, the only interference 
observed was that caused by aluminum. In its usual concentrations in silicate 
rocks, aluminum substantially reduces the magnesium absorption. 

This type of interference, referred to as "chemical", is one of those 
carried over to atomic absorption from flame emission photometry. The 
aluminate, silicate, sulphate and phosphate anions have such an effect on 
magnesium and the alkaline earths . It is believed to be the result of their 
forming compounds which are not completely decomposed in the flame, thus 
decreasing the concentration of free atoms of the metals. 

In silicate rock analysis, silica is eliminated by volatilization as the 
fluoride, in decomposing the sample with HF. Concentrations of phosphate 
and sulphate in the final sample solution are generally too low to be signifi­
cant - provided sulphuric acid is not used in the decomposition. The effect 
of aluminate is generally overcome by the addition of a "releasing agent" - a 
much higher concentration of another cation which preferentially combines 
with the anion, thus releasing the metal under study . 

Lanthanum has become a favourite releasing agent for magnesium 
and the alkaline earths. Addition of "one per cent lanthanum" is used in 
several atomic absorption schemes for these and other elements in silicate 
rocks (e. g. Trent and Slavin, 1964a). Strontium has been used by others 
(David, 1960), and still others suggested the addition of both calcium and 8-
hydroxyquinoline to release magnesium (Rubeska and Moldan, 1965). 

An entirely different approach to the elimination of aluminum inter ­
ference in the magnes ium determination involves the use of a higher temper­
ature flame (Nesbitt, 1966 ). A mixture of acetyl ene and nitrous oxide pro­
vides a combination of flame temperature and burning velocity that is suitable 
for use in a pre-mix, laminar flow burner. Use of such a flame serves to 
release free atoms of aluminum and other e l ements which form refractory 
compound s, and would otherwise not be amenable to determination by atomic 
absorption (Willis, 1965) . Similarly, the temperature of the acetylene­
nitrous oxide flame is sufficient to decompose magnesium aluminate, thus 
eliminating the aluminum interference in the magnesium determination. 
However, there are certain disadvantages in the use of that flame, among 
them being enhancement of "ionization interference" (see below in descrip­
tion of lithium method). 
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The calcium-hydroxyquinoline combination was tried in the present 
work, but results were not encouraging. The lanthanum addition was not 
tried, because it would have meant the use of large quantities of a relatively 
expensive reagent, and because it would have raised the total salt concentra­
tion of the sample solution to an undesirably high level - one per cent lantha­
num corresponds to nearly two per cent lanthanum chloride. 

Tests were run to establish the quantity of strontium required to 
"release" magnesium from the effect of aluminum. It was found that a stron­
tium concentration of 500ppmin0.12N HCl was sufficient to release 0 to 2 
ppm of magnesium from the effect of as much as 20 ppm of aluminum. Thus, 
in an aliquot containing 10 mg of sample, 0 to 2 per cent Mg (i. e. 0. 0 to 3. 3 
per cent MgO) can be determined in the presence of as much as 38 per cent 
A120 3· If smaller aliquots are used - such as where the MgO content of the 
sample exceeds 3. 3 per cent - even higher alumina contents can be tolerated 
in the sample. 

Atomic Absorption Measurements 

Operating parameters were essentially those recommended by the 
manufacturer. The magnesium hollow cathode lamp was operated at a cur­
rent of 4 milliamperes. Acetylene flow was adjusted to provide a slightly 
reducing atmosphere in the flame, as shown by the presence of a barely vis -
ible luminous area immediately above the "inner cone" of the flame. Vertical 
adjustment of the burner was set in a position that permitted the light beam to 
pass through the luminous area. (Actually, slight changes in burner para­
meters have comparatively little effect on results, provided samples and 
standards are aspirated under identical conditions. ) 

Under these conditions, absorption sensitivity for magnesium is 
excessively high . Sensitivity can be diminished by reducing the length of the 
flame through which the beam is passed, by rotating the burner head through 
a small angle . This is done with a standard solution containing 1 ppm Mg in 
the flame . If the burner angle is set to give a transmittance reading between 
45 and 50 per cent for that standard, convenient readings may be made in the 
range from 0 to 2 ppm Mg. 

In this method, as in others, a rough preliminary measurement is 
used to d etermine the concentration of standard solution that should be used 
for the analysis of each sample. In the final analysis, at least two readings 
are taken for each sample solution, each being preceded and followed by a 
reading on a standard solution of similar concentration. "Background" or 
" baseline" readings are taken , with water in the flame, between all other 
readings. Beer's Law was found to apply in all measurements made with 
magnesium in the range of 0-2 ppm in solution. 

D etails of the operating procedure are given in Appendix I. 
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Results and Conclusion 

In Table I, results obtained by the propos ed method are compared 
with those obtained b y gravimetric determination as the pyrophosphate for a 
number of samples. For all of the samples containing less than 15 per cent 
MgO, results are in satisfactory agreement, although most of the atomic 
absorption values show a slight negative bias. With higher magnes ium val­
ues, the negative bias is greater, possibly because of the large dilution 
factor. 

Sample No . 

14 - 65 
19-65 
15-65 
18-65 
A-75 
A-13 
A-62 

1727-64 
B-213 

1090-64 
16-65 
17-65 

Table I 

Comparison Between Atomic Absorption and 
Gravimetric Results for Magnesium 

MgO found (per cent) 

AAS 

0.74 
o. 96 
1. 47 
3 . 45 
6 . 48 

10.45 
16.4 
23 . 1 

33 .7 
35 .2 
43 . 6 
49.5 

Gravimetric 

0.75 
0.98 
1. 52 
3 . 45 
6. 51 

10.42 
16. 7 
23 . 8 
34 . 2 
35 . 6 
44.0 
50 . 2 

The procedure outlined in Appendix I can give good results for MgO 
values under 15 per cent, in the rock types tested (granite, granodiorite, 
andesite, basalt, diabase, amphibolite). (For precise determination of 
higher magnesium contents, see Section on high precision analysis.) 

DETERMINATION OF LITHIUM 

Lithium, one of the "rarer " alkali metals, is seldom determined in 
the general analysis of geological materials. In classical analytical schemes, 
lithium generally follows sodium, and would indeed be reported as sodium in 
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the J. Lawrence Smith method. Chemical separation of lithium from sodium 
is tedious, slow, and not very quantitative. Thus it was not until the intro­
duction of flame photometry that it was discovered that one of the standard 
samples issued by the U.S. National Bureau of Standards actually contained 
less sodium than reported earlier , the difference being due to the presence of 
lithium. 

Lithium can be determined by flame photometry with good precision 
and fair sensitivity . Accuracy, as with many other flame photometric meth­
ods, depends largely on the means used to overcome interferences. In the 
Geological Survey of Canada laboratories, lithium has been determined on the 
Beckman DU Flame Spectrophotometer (with Spectral Energy Recording 
Adaptor) down to a concentration of 0. 5 ppm in a solution containing 500 mg 
of sample per 10 0 ml, corresponding to 0. 01 per cent (or 100 ppm) in the 
sample . This sensitivity could probably be improved somewhat by varying 
instrumental parameters . A more concentrated sample solution would be 
undesirable, because of the danger of clogging the capillary of the aspirator­
burner. Because of possible interferences, it is advisable at first to deter­
mine the other components of the sample solution, in order that appropriate 
quantities of those elements may be added to the standard solutions. Precon­
centration of the alkali metals as a group could serve both to minimize inter­
ferences and to improve sensitivity. However, such steps are rather l engthy , 
and there is some evidence that one such (Abbey and Maxwell, 196 0) does not 
always give quantitative recovery of lithium. 

There is ve ry little in the literature on the determination of lithium 
by atomic absorption, and even less on application to geological materials. 
In our work, lithium determinations were required in a number of rock sam­
ples of widely varying composition, in which the concentration of that element 
was expected to b e well below 100 ppm. 

Decomposition of the Sample 

In the determination of magnesium, the method of sample decompo­
sition was governed by the fac t that the determination was to be integrated 
with an existing analytical scheme. The HF-HCl decomposition, as used for 
magnesium (and sodium and phosphorus), leaves appreciable residualfluoride 
ion in solution, but the small aliquot used for the determination contains so 
little fluoride that ther e is no adverse effect. For the lithium determination, 
it was decided to use a more thorough method, one that would be applicable 
to the determination of many metals. More effective removal of fluoride 
requires fuming with a higher-boiling acid. Sulphuric acid was not favoured 
because of its known interference in the determination of several metals . 
Althaus ( 1966 ) has studied the effects of sulphuric acid in some detail, and 
has overcome some of those effects b y rigorous control of the quantity of acid 
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used. However, his tests do not distinguish between the effect of free sul­
phuric acid and that of the sulphate ion. He makes no mention of perchloric 
acid, an obvious alternative. 

The chemical procedure adopted in this work is one already in use 
for flame photometry (Abbey, 1965 ). The sample is digested with a mixture 
of hydrofluoric, nitric and perchloric acids, the excess acids being eliminated 
by fuming to dryness. The dry perchlorates are then redissolved in water 
containing a controlled quantity of HCl. Many sample s leave some insoluble 
residue from this treatment, but only with one sample, a tungsten-bearing 
quartz vein material, was any lithium found in this residue and an unexpected 
effect was also observed in that case . The insoluble residue was fused with 
sodium carbonate, leached with water, and the leachate filtered . The residue 
on the filter paper was then dissolved in HCl and analyzed separately from the 
carbonate-bearing leachate . Chemical properties would suggest that the 
lithium would be found mainly in the carbonate solution, but tests reveal ed 
that most of it was in the HCl solution of the "carbonate-insoluble" residue . 

Interferences 

A common int erference i n both flame photometry and atomic absorp ­
tion is the " ionizat ion effect" . In a flame containing an element such as 
lithium , an equilibrium exists , governing the relative proportions of the 
atoms of that element in the ground state and at the several possibl e levels of 
excitation . The presence of another easily-excited element in the same flame 
would upset the equilibrium by a redistribution of the excitation energy 
between the two elements. In atomic absorption, this would n1ean a greater pop­
ulation of ground - state atoms , and hence a stronger absorption signal for the 
element of interest when the interfering element is present. 

Ionization interference from the re l atively high concentrations of 
sodium and potassium might be expected in det ermining traces of lithium in 
rocks . In t h is work, however , tests reveal ed that the equival ent of 5 per cent 
sodium or potassium in a rock had no effect on the absorption signal of the 
equivalent of 50 ppm of lithium in the rock . 

The concentration of free acid in the sample solution was found to 
have a marked effect on the lithium absorption signal. The normal working 
acidity was fixed at about 0 . 5 Nin HCl. An increase in acidity to 1. 0 N 
reduced the absorbance by about 10 per cent; a further increase to 3 . 0 N 
reduced the absorbance by 50 per cent . 

Several actual "standard samples" {G -1, W-1 and the two standards 
of the Canadian Association for A pplied Spectroscopy) were t h en put in solu ­
tion, and analyzed by comparison with pure lithium standard solutions, all 
being adjusted to a uniform acidity. Results were persistently low. It was 
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then suspected that the total salt concentration in the sample solution might be 
responsible for the depressant effect, because there appeared to be a rela­
tionship between the magnitude of the negative bias and the overall composi­
tion of the sample. Assuming the compositions of the six new United States 
Geological Survey reference samples (granite, granodiorite, andesite, basalt, 
peridotite and dunite) to be a fair cross-section of silicate rock samples, cal­
culations were made of the weight of perchlorate salts that would be obtained 
from the decomposition of one gram of each of those rocks. This weight was 
found to vary from about 1. 5 g for granite to about 3 g for dunite. 

Using pure salts (assumed to be free of lithium), three sets of syn­
thetic mixtures were prepared, corresponding to the compositions of solutions 
resulting from the decomposition of the granite (G-2), the dunite (DTS-1) and 
of a mean of all six of the new United States Geological Survey reference 
samples. Within each set, the lithium concentration in solution was varied 
from 0. 0 to 2 . 5 ppm (corresponding to 0 to 125 ppm lithium in the original 
rock), the normal working range of the method. Each of the synthetic solu­
tions was then analyzed for lithium content, by comparison with pure lithium 
standard solutions . 

Results of these determinations were plotted as "apparent lithium 
found" against "lithium added". If there were no matrix effect, the resulting 
straight-line graphs would all have slopes of unity. The slopes actually 
observed were O. 90 for the granite-like set, 0 . 68 for the dunite-like set, and 
0 . 74 for the "mean of six" set. These results suggest that the absorption 
signal is weakened with increasing total salt concentration in the sample sol­
ution, but that the depression is not directly proportional to the salt concen­
tration. It may be that this effect is due to the increased viscosity of the 
more concentrated solutions, resulting in a reduced aspiration rate. However, 
observations with zinc (~below) cast some doubt on such an assumption. 

For samples of unknown composition, it is necessary to run "stan­
dard addition" tests to establish the magnitude of the matrix depressant 
effect. Where large numbers of samples of similar composition are to be 
analyzed, a correction factor, established by doing standard addition tests on 
the first few samples, may then be applied to the remainder of the samples. 

Atomic Absorption Technique 

The label on the lithium hollow cathode lamp specified a maximum 
current of 6 milliamperes, somewhat lower than the 8 milliampere current 
recommended for lithium i.n the instruction manual for the instrument. After 
some experiments with varying currents, 5 . 5 milliamperes was finally 
chosen for the best combination of sensitivity and stability. 
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Absorption sensitivity of lithium was found to be significantly affected 
by changes in air- and fuel-flow rates in the flame. In the procedure adopted, 
while a lithium standard solution is being aspirated, air pressure is h e ld at 
18 lb. /sq. in . and acetylene flow is varied, until conditions of maximum 
absorption are attained . 

Lithium readings were found to be less stable than those for magne­
sium, but adequate stability can be obtained for trace analys is. Beer's Law 
is obeyed over the range of 0. 0 to 2. 5 ppm of Li in solution. 

Details of the operating procedure are given in Appendix II . 

Results and Con cl us ions 

L ithium was determined on several " standard" samples . Results are 
given in Table II . Unfortunate l y, the actual compositions of the "standards" 
are not well established, so it is not possible to estimate the accuracy of this 
method . 

Sample 

G-1 
W-1 
CAAS Syenite 
CAAS Sulphide 

Table II 

Comparison Between Atomic Absorption and 
Other Methods for Lithium 

Li found, ppm 

This 
Method Other Methods'' 

Range ' 'Recommended'' 

24 19 -30 24 
18 8-20 12 

109 80-200 126 
14 10 10 

'' (Ahrens and Fle ischer, 1960; Fle i scher and Stevens, 1962; Webber, 1961, 
1965 ). 



- 12 -

The procedure outlined in Appendix II can be applied to many types of 
rocks, containing 5 to 125 ppm of lithium. For higher lithium contents, a 
more dilute sample solution is used, and the matrix effect is greatly dimin­
ished. Thus results on a lithium-bearing mica, obtained by atomic absorp­
tion without matrix correction, were in good agreement with those obtained by 
flame photometry. 

DETERMINATION OF ZINC 

Traces of zinc in rocks are generally determined colorimetrically 
by means of a reagent such as dithizone (Sandell, 1959 ). Dithizone is a group 
reagent for many of the heavy metals, masking agents and control of pHbeing 
required to make its reactions specifi c for a particular e l ement. Further, 
the metal dithizonates must be extracted with a water -immiscibl e solvent 
before photometry. On the other hand, atomic absorption i s particularly 
sensitive for zinc, measurements can be made in aqueous solution, and few 
interferences have been reported (Belt, 1964b). In our work, zinc deter­
minations were required in a number of rocks of varying composition. 

D ec omposition of the Sample 

The hydrofluoric-nitric-perchloric acid decomposition, as used for 
the lithium determination, was also applied in the determina tion of zinc. In 
the rock t ypes tested, over 95 per cent of the zinc in each sample was found 
in the solution resulting from the acid tr eatment. 

Where a small amount of zinc was actually detectable in the residue 
from the acid treatment, an unexpected effect was aga in obs e r ve d - similar 
to that found with lithium. Aft e r the residue had been fus e d with sodium car ­
bonate, th e melt was leached w ith water and filt ere d. The residue from the 
filtration was dissolve d in HCl, and the two solutions derive d from the fusion 
were analyzed separately for zinc. All of the zinc was found in the HCl sol­
ution, none in the carbonate s olution - again the opposite effect from what 
m ight be expected from chemical properties. 

Effect of Sample Composition 

On the basis of published data on the zinc determination, no inter­
ference was expecte d from the major c omponent s of the samples. As a 
check, "standard-addition" runs we r e done, as for lithium, using synthetic 
mixtures approximating the compositions of granite and dunite. Similar t es ts 
we r e mad e on "sta ndard additions" to six representative sampl es (andesite, 
rhy olite, sericite schist, argillite, peridotite and aplite) . 
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Plots of "apparent zinc found" against actual zinc added were straight 
lines in all cases, with slopes that departed from unity by no more than 3 per 
cent. 

To determine the effect of varied acidity, aliquots of the six sample 
solutions were analyzed after the addition of varying quantities of HCl. 
Results showed no noticeable difference in zinc absorption between 0. 25N and 
l.SN in HCl. 

The absence of matrix effects was not entirely unexpected, because 
the zinc content in most samples is higher, and the sensitivity of the method 
is superior, than is the case with lithium. The sample solution for zinc may 
therefore be less concentrated than that for lithium, and the corresponding 
concentration of salts lower. However, the absence of effects from varia­
tions in acidity was surprising . 

The chemical preparation for zinc determination is simpler than that 
for lithium on three counts: (a) the insoluble residue from the acid decom­
position.may generally be ignored; (b) the filtrate from the separation of that 
residue need not be evaporated to dryness and redissolved in a controlled 
quantity of HCl; and (c) no additional manipulation is necessary to correct for 
matrix effects . 

Atomic Absorption Technique 

Operating parameters for the determination of zinc as given in the 
instruction manual - hollow cathode lamp current, slit width, etc. - were 
found to be satisfactory . 

Absorption sensitivity is little affected by changes in flame composi ­
tion. However, the absorption by the flame itself is appreciable, and is 
affected by variation in the air -acetylene ratio . To minimize that effect, it 
was decided to vary the acetyl ene flow, w ith water aspirating and air pressure 
held at 18 lb . /sq. in. until conditions of maximum transmission are attaine d. 
The flame then transmits between 60 and 70 per cent of the incident light. 
This effect was not unexpected because the zinc line used is in the deep ultra­
viol et (21 38 angstroms) . 

Stability of zinc readings is comparable to that with lithium. Beer's 
Law is obeyed only up to a concentration of about 1. 5 ppm of Zn in solution. 
However, little error is introduced in analyzing solutions containing up to 
2. 5 ppm with the assumption that Beer's Law is obeyed, provided the zinc 
contents of sample and standard solutions are sufficiently close together . 

D etails of the operating procedure are given in Appendix Ill. 
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Results and Conclusions 

No "standard samples" have been analyzed for zinc, mainly because 
of our limited supply of such material, and because of the uncertainty in the 
"recommended" zinc values. 

Zinc may be determined in rock samples containing 5-250 ppm of 
that element. The method is extraordinarily free from interferences, either 
from other elements in the sample or from variations in free acidity. Almost 
all of the zinc in most of the samples tested can be brought into solution by 
treatment with hydrofluoric, nitric and perchloric acids, thus further simpli­
fying the method. 

HIGH PRECISION ANALYSIS - DETERMINATION 
OF MAGNESIUM AND IRON 

Atomic absorption is generally regarded as highly sensitive, hence 
its widespread application in trace analysis. For elements such as magne­
sium and zinc, the combination of sensitivity and selectivity possible with 
atomic absorption gives it a decided advantage over many other techniques. 
With some elements, however, sensitivity is not as high as might be sup­
posed - possibly because of the custom of expressing concentration in terms 
of "parts per million" . To the casual reader, 'parts per million of solution' 
may be confused with ' parts per million of the sample'. Such confusion may 
be due, in part, to the fact that many applications of atomic absorption have 
occurred in fields where the sample is itself a liquid - e . g . body fluids, 
chemical process solutions, etc. With solid samples, such as rocks and 
minerals, if one gram of sample is brought into solution, it must be diluted, 
in general, to a volume of at l east 50 ml. One part per million of a given 
element in such a solution would then correspond to 50 ppm in the solid 
sample. 

High precision is another potentially useful characteristic of atomic 
absorption, as is suggested by the first six results in Table I. An opportunity 
to examine this aspect presented itself in connection with a study of the 
mutual substitution of magnesium and iron in biotites, involving as little as 
50 to 100 mg of material for some of the samples. Atomic absorption readily 
suggested itself for magnesium determination, and the possibility of deter -
mining iron as well in the same solution appeared worthy of study. The prol>­
lem resolved itself into three phases: (a) determination of iron, (b) condi ­
tions for determining iron and magnesium in the same solution, and (c) how 
to improve precision and accuracy. 



- 15 -

Determination of Iron 

Twelve samples of biotite were put in solution by the hydrofluoric­
nitric-perchloric acid treatment (all decomposed completely). Atomic 
absorption was used to determine iron in aliquots of the sample solutions, by 
comparison with standard iron solutions to which no other e lements had been 
added - i. e. assuming no matrix effects. Other aliquots of the same solu­
tions were analyzed for iron by reduction with stannous chloride and potentio­
metric titration with dichromate. The atomic absorption results showed a 
positive bias, relative to the titrimetric values, of about 12 per cent of the 
amount present. 

Similar tests on the new United States Geological Survey reference 
samples gave atomic absorption values for iron showing a positive bias of one 
to six per cent of the amount present. Earlier published work on iron deter­
mination had reported either no apparent interferences, negative bias, or 
relatively erratic results (Spr ague, 1963; Trent and Slavin, 1964a, 1964b). 
A study of the general composition of the samples involved in this work indi­
cated a possible correlation between the positive bias for iron and the con­
centrations of sodium, potassium and calcium in the samples. Thus biotites, 
containing about 7 per cent potassium, showed a 12 per cent bias; basalt with 
about 3 per cent sodium, 1 per cent potassium and 5 per cent calcium showed 
a 6 per cent bias; and dunite, containing less than 1 per cent of sodium, 
potassium and calcium combined, showed a bias of only 1 per cent. 

The positive bias for iron, apparently related to the presence of 
easily ionized metals, suggested that an "ionization effect" was responsible. 
Such a conclusion, however, does not appear justified in the case of iron, an 
element less readily ionized than lithium, which showed no ionization inter­
ference from very much higher concentrations of the other alkali metals. 
Ionization interference, where it does occur, can be eliminated by adding a 
large excess of an easily ionized metal to both sample and standard solutions, 
using the radiation buffer principle as in flame photometry. It was then 
decided to attempt to use strontium, as an "ionization buffer" for iron, 
because it was already in use as a "releasing agent" for magnesium. It was 
found that the presence of 500 ppm of Sr in both sample and standard solutions 
effectively eliminated the positive bias in the iron results. 

An attempt was also made to determine iron by means of a "high 
intensity" hollow-cathode lamp (Sullivan and Walsh, 196 5 ). In suc,h lamps, 
the line spectrum of the desired element is greatly enhanced , relative to the 
spectra of the inert filler gases and the continuous background. Readings 
with such a lamp proved to be too erratic for high-precision use, although 
there was some evidence that the positive bias effect was not present. 

To sum up, iron apparently behaves as though it were subject to 
ionization interference, and the interference is eliminated by the usual rem­
edy for ionization effects , although this explanation is improbable, according 
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to accepted theory. Further, the apparent absence of the interference when 
the high-intensity lamp was used suggests that some other explanation is nec­
essary. 

Operating conditions for iron were as recommended in the instruction 
manua l. Sensitivity was found to be b ette r than expected from the manual, 
and r e latively independent of flame conditions, but the acetylene flow was 
adjusted to the maximum possible without the appearance of a luminous area, 
with air pressure maintained at 18 lb. /s q. in. 

D e termination of Iron and Magnesium in the Same Solution 

With strontium serving the twofold purpose of eliminating different 
interferences for iron and magnesium, it would be convenient to be able to 
deterinine the two e l e ments in one solution , representing a fixed dilution of 
the sample. Using the most sensitive iron line, the working range is about 
0- 10 ppm of Fe in solution, corresponding to 0-28 per cent Fe203 (total iron 

calculated as Fe203) for a 5-mg sample aliquot in a 100-ml volume, a con ­
venie nt range for biotites. At that dilution, however, the existing magnesium 
procedure, covering 0 - 2 ppm of Mg would correspond to 0. 0-6 . 6 per cent 
MgO in the sample, which is low for biotites. By rotating the burner head 
through a slightly larger ang l e it was possible to extend the magnesium range 
to 0-6 ppm in solution , or 0-20 per cent MgO in the sample . Simple tests 
revealed that Beer's Law is still valid at the higher magnesium concentra­
tions, and that the 500 ppm of Sr present is adequate to release the higher 
magnesium content from the masking effect of the amount of aluminum likely 
to be present in biotites. 

Improv e m e nt in Precision and Accuracy 

Two points of interest e merge d from an examination of means for 
improving prec ision and accuracy. 

Firstly, the atomizer and burner assembly must b e dismantled and 
cleaned at frequent int e rvals. Although the system is normally flushed with 
water between all readings and at the end of each run, there are several loc a ­
tions where acidic residues can accumulate, causing corros ion, possible 
restric tion of sample flow, and possible cross - c ontamination . 

Secondly, aspiration rates must be uniform. In normal operation, 
solutions arc aspirated by immersing the flexible capillary tube of the aspi­
r a tor in the sampl e solution, generally contained in a 100-ml volumetric 
flask. From a full flask, thi s involves raising the sample solution through a 
5-cm head . For a nearly empty flask, this head becomes about 15 cm. 
Tests revealed t hat the differ e nc e in absorbance r eading for the same solution 
under the tw o r;onditions amounted to about one per cent - a small but 
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significant difference for precision work. To eliminate this effect, samples are 
aspirated from graduated 2 0-ml beakers. The beakers are filled to about one 
or two millimetres above the 15-ml mark, and are refilled when the level 
goes below the 10-ml mark. By setting the beaker on a block when taking 
readings, it is possible to maintain a head between solution level and atomizer 
which remains between 9 and l 0 cm. 

D etails of the operating procedure arc given in Appendix IV. 

Results 

Table III shows results for iron compared with titrimetric values, 
the two determinations being done on separate aliquots of the same solution of 
each sample. Although the agreement is not as good as ·required for accurate 
work, it is good enough for most practical purposes. As a further check, 
both iron and magnesium were determined on two synthetic solutions, approx­
imating the compositions of two biotites. Results (Table IV) are calculated as 
percentage of the relevant oxide in the hypothetical synthetic sampl e. Finally, 
the six new United States Geological Survey reference samples were analyzed 
for both elements . In the case of the peridotite and the dunite, the prepon­
derance of magnesium over iron made it impractical to determine both at the 
same sample dilution. Further, the presence of a small amount of chromite 
in those two samples required a peroxide sinter of the insoluble residue from 
the hydrofluoric -nitric -pe rchloric treatment to ensure full recovery of iron. 
Results are given in Table V. 

Sample 

No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Table III 

Comparison of Results of D etermination of Total Iron 
by Atomic Absorption and Titration 

Total Iron Found (expressed as Fc203), per cent 

AA Titration 

22.28 22 . 36 
23.04 22 .71 
20 . 59 2.0 . 84 
17.68 17 . 85 
19.79 20 . 36 
19. 73 19.45 
18.27 18.49 
19. 21 19.41 
21. 62 21. 68 
19.62 19 . 81 
23 .7 3 23.98 
20 .7 3 .:o 72 



Sample 

No. 

A 
B 
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Table IV 

Recovery of Magnesium and Iron in "Synthetic Biotite" 

MgO, per cent Fe203, per cent 

Taken Found Taken Found 

8.73 8.80 21. 45 21. 60 
3 .48 3 .47 28.60 28.49 

Conclusions 

Magnesium and iron can be determined in rocks and minerals by 
atomic absorption, with a precision and accuracy approaching that of classi­
cal analysis, and very much more rapidly. Strontium addition serves to 
eliminate interference effects with both metals. For samples in which mag­
nesium is not too preponderant, the two metals can be determined on the 
same dilution of the sample solution. Because the aliquot used normally con­
tains 5 mg or less of the sample, the sample s ize required for analysis i s 
limited mainly by the accuracy with whi ch the original material can be 
weighed . 

Sample 

No. 

14-65 

15-65 

16-65 

17-65 

18-65 

19-65 

Table V 

Results by Atomic Absorption and Other Methods 

(U.S. G. S. rocks) 

MgO found, .eer cent Fe203 found, per cent 

AA Gravimetric 

0.73 0.75 

1. 53 1. 70 
1. 54 
1. 52 

43.75 43.95 

50.51 50. 18 

3 . 40 3.47 
3.45 

0. 96 0.98 

AA 

2.65 

6.69 

8.05 

8. 40 

13. 1 7 

4. 19 

Titrimetric 

2.63 

6.49 
6 .52 
6. 71 

8.49 

8.58 

13. 10 
13.44 

4.26 

Colorimetric 

2.70 

6.53 

8. 32 

13. 17 

4.21 
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Appendix I 

Operating Procedure for Magnesium Determination 

Special Reagents 

1. Standard Magnesium Solution ( 10 ppm Mg) 

Prepare by diluting a more concentrated solution, prepared from pure mag­
nesium metal. The final solution should contain about 10 ml free HCl per 
litre. 

2. Strontium Solution (5,000 ppm Sr) 

Weigh 8. 43 g of strontium carbonate into a 2-litre beaker. Cover with water 
and dissolve by the gradual addition of 110 ml of concentrated HCl. Boil free 
of carbon dioxide, cool and dilute to 1 litre in a volumetric flask. 

Sample Treatment 

For precise work, decompose a 100-mg sampl e by the HF-nitric-perchloric 
procedure described in Appendix II. 
Alternatively, for rapid control work, the sample may be decomposed by 
evaporating to dryness in a Teflon dish, first with 5 ml concentrated nitric 
acid, then with 5 ml of concentrated HCl and 5 ml HF together, and finally 
with 5 ml of concentrated HCl alone. In either case, the final residue is dis -
solved by the addition of 0. 5-1. 0 ml of concentrated HCl and 20 - 25 ml of 
water, and heating . Insoluble matter may generally be ignored. Make up to 
volume in a 100-ml volumetric flask. For samples containing less than 3 per 
cent MgO, transfer a 10-ml aliquot (corresponding to 10 mg of sample) to 
another 100-ml volumetric flask . (For samples containing 3-6 per cent, use 
5 ml, for those from 6 to 15 per cent, use 2 ml. ) Add 10 ml of strontium 
solution and dilute to volume. 

Atomic Absorption Measurements 

The following instructions are intended for use with the Techtron AA-3 
Atomic Absorption Spectrophotometer. Modifications will be necessary with 
other instruments. 

At least 30 minutes in advance, turn on the magnesium hollow-cathode lamp 
in " stand-by " at 2 milliamperes current. About 5 minutes before use , switch 
to a regulated modulated current of 4 milliamperes. Turn on acetylene and 
compressed air, light the burner, and adjust compressed air pressure to 
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18 lb. /sq. in. With water aspirating, adjust acetylene flow to give a faintly 
luminous zone just above the inner blue "cone " of the flame. 

Adjust wavelength to the magnesium peak at 2852 angstroms, leaving at point 
of maximum response. Use a 50 micron slit. 

With COARSE GAIN at maximum and FINE GAIN near maximum adju s t 
W. M.A. read-out to near 100, using H. T. ADJ., followed by fine adjustment 
with FINE GAIN. Close the slit opening and adjust the zero reading. 
Re-expose the slit and readjust the 100 r e ading if necessary . 

With water aspirating, set the burner to the highest possible position without 
permitting the inner cone to impede the light beam. With a magnesium stan­
dard (preferably 0. 5 ppm - see below) aspirating, set the lateral adjustment of 
the burner to a position of maximum absorption. The lateral adjustment 
should require no further change in going from one element to another . The 
vertical adjustment may require change for some elements . 

With water aspirating, readjust meter reading to 100, if necessary; with the 
1. 0 ppm magnesium standard aspirating, rotate burner head to give a reading 
between 45 and 50. 

Using the 1. 0 ppm standard, take a rough reading for each sample . Select a 
standard as close as possible in magnesium content to each sample. For 
each sample, take readings inthe sequence: O-s-O-x-O-s-0-x-O-s-O, where 
0 is water, s the standard and x the sample . Before proceeding to the next 
sample, check the wave l ength for peak response, and also readjust the zero 
if necessary. (These readings may be taken from the meter, or with a 
re corder . ) 

Calculation 

Convert all readings to absorbance . From each absorbance reading, subtract 
the mean of t h e immediately preceding, and immediately following, water 
absorbance, to give " ne t absor bance ". 

Because the calibration curve is a straight line, concentration is directly 
proportional to absorbance. Calculate the apparent concentration for each 
net absorbance reading on each sample , using the standard readings preced ­
ing and following the sample reading. D etermine the mean of the four appar ­
ent concentrations thus obtained. 

If the four calcul ated values are not in close agreement, further readings 
should be taken. 
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Convert ppm Mg in solution to p e r cent Mg in the sample. (With 10 mg of 
sample in 100 ml of solution, these values are numerically equal.) Finally, 
convert per cent Mg to per cent MgO. 

Calibration 

Into five 100-ml volumetric flasks, measure 0, 5, 10, 15 and 20 ml of stan­
dard magnesium solution. Add 10 ml strontium solution to each and dilute to 
volume . These solutions will then contain O. 0, 0. 5, 1. 0, 1. 5 and 2. 0 ppm 
Mg. 

Adjust the instrument as outlined above and take readings on the standards, 
first in ascending order of magnesium content , then in descending order. 
Take a reading with water aspirating before and after each reading on a stan­
dard. 

Calculate net absorbances as above and plot mean net absorbance against ppm 
Mg. These should fall on a straight line. 

Because it is not possible to assure that operating parameters are always 
identical, the calibration curve cannot be used for accurate analysis. It is 
drawn only to assure that Beer's Law is obeyed and for establishing a first 
approximation of magnesium content in unknown samples. Final analysis 
must always be done by comparison with standard solutions, as described 
above. 
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Appendix II 

Operating Procedure for Lithium Determination 

Special Reagents 

1. Standard Lithium Solution ( 10 ppm Li) 

Prepare by diluting a more concentrated solution, prepared from lithium car­
bonate and HCl. 

Sample Treatment 

Weigh 0 . 5 g sample into a 100-ml platinum or Teflon dish. Moisten with 
water and add 10 ml concentrated nitric acid and 5 ml HF. 

Cover and heat on a steam bath to decompose. 

Rinse off and remove cover . Evaporate to dryness on the steam bath . 

Add 5 ml contentrated nitric acid, rinse down the walls of the dish withalittle 
water and again evaporate to dryness. 

Add 2 ml 70 per cent perchloric acid, rinse down the walls and swirl to dis -
solve soluble matter. If the analysis was begun in a Teflon dish, transfer 
now to a platinum dish. 

E vaporate on a sand bath to perchloric fumes . 

Rinse down the walls and again evaporate, but continue until no further fumes 
are evolved . 

Add 20 ml HCl (1:19) cover and warm to dissolve salts. Filter on a 7-cm 
Whatman No. 42 paper, receiving filtrate in a 100-ml beaker. Wash with 
warm HCl (1:19), followed by two washes with water. 

Further treatment will vary with the nature of the sample : 

(a) If the matrix correction factor is unknown, treat the filtrate according to 
the standard addition method. 

(b) If the correction factor has been established by running a number of sim­
ilar samples by the standard addition method, use the direct method and 
apply the correction factor . 

(c) If there is reason to suspect the presence of lithium in the insoluble res­
idue, it must also be analyzed, using the fusion method (~below). 
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Atomic Absorption Measurements 

The lithium hollow-cathode lamp is warmed in "stand-by" at 3. 5 milliamperes, 
and run for analysis at a regulated modulated current of 5. 5 milliamperes. 
The wavelength is 6708 angstroms and the slit width 100 microns. The burner 
is used with the slot parallel to the light beam. 

With the flame ignited and air pressure at 18 lb. /sq. in., adjust acetylene 
flow to give maximum absorption, with a 1 ppm Li standard in the flame. If 
necessary, adjust vertical and lateral flame position for maximum absorption. 

Other details of instrumental operation are as given in Appendix I. 

Standard Addition Method 

Measure the volume of the filtrate in a graduated cylinder and dilute to the 
next multiple of 5 ml. Measure two portions, each 2/5 of the volume, into 
50-ml beakers. Add 1. 00 ml of the 10 ppm Li standard solution to one of the 
beakers. 

Evaporate both to dryness. 

Redissolve each by warming with 8 ml of HCl (1:19). Make each up to 10 ml 
in volumetric flasks. The two solutions thus obtained represent the sample 
solution and the sample solution with 1 ppm Li added. 

Obtain a first approximation of the lithium concentration of the sample solu­
tion by comparison with any standard lithium solution. Knowing that the other 
solution contains 1 ppm Li more than the sample solution, select standard 
solutions to match each of those solutions as closely as possible. 

Take readings in the sequence O-Sx-O - X - O-Sx-O-X-0-Sx - 0-Sy-O-Y-0-Sy-
0-Y-0-Sy, where O is water, X is the sample solution, Y the sample solution 
with 1 ppm Li added and Sx and Sy are respectively the standard solutions 

similar in composition to X and Y. 

Calculate net absorbances for X and Y, as in Appendix I. Assuming that con­
centration is directly proportional to absorbance calculate "apparent concen­
trations" for each net absorbance value of each unknown, using both the pre­
ceding and following standard readings. Determine the four apparent concen­
trations thus obtained for each unknown solution. 

Then, the true concentration, Tx, of the sample solution is given by 

Tx = Ax 
Ay-Ax 
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where Ax= apparent concentration of sample solution; 
Ay =apparent concentration of sample solution to which 1 ppm 

Li has been added. 

Multiply Tx by the dilution factor to get ppm Li in the original sample. (For 
2/5 of O. 5 gin a final volume of 10 ml, dilution factor is 50.) 

Direct Method 

Evaporate the filtrate to dryness . 

Redissolve by warming with 20 ml HCl (1:19) . Make up to 25 ml in a volu­
metric flask . 

Determine the apparent concentration of the sample solution as above . 
Calculate the true concentration by multip l ying apparent concentratic.n by a 
factor, 

F 
A y - Ax 

where A y and Ax have the same meaning as in the standard addition method. 
The ac tual factor used should be the mean of those o btained in analyzing a 
number of samples of similar composition, using the standard addition 
method . 

Fusion Method 

Transfer the filter Q.nd residue to a 10-ml platinum crucible and ignite to 
destroy the paper. 

Mix the cooled residue with 0. 5 g sodium carbonate and fuse for 15 minutes . 

Add 5 ml water and 3-4 drops 95 per cent ethanol to the cooled fusion, cover 
and warm to disintegrate the melt . Start a blank at this point by weighing 
O. 5 g sodium carbonate into a 20 - ml beaker, adding water and alcohol, cov ­
ering and warming as with the sample . 

Filter on a 5. 5-cm Whatman No . 42 paper , rece1v1ng filtrate in a 100-ml 
beaker. Wash with warm sodium carbonate solution (5 g per 500 ml). 
Evaporate the sample filtrate, if necessary, and make up to 25 ml in a volu­
metric flask . (Save the residue.) 

Measure the volume of the blank solution in a gr<tduated cylinder and dilute to 
the next multiple of 5 ml. Measure two portions, each z/5 of the volume, 
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into 50-ml beakers. Add 1. 00 ml of the 10 ppm Li standard solution to one of 
the beakers. Evaporate to about 5 ml, and make up both to 10 ml in volumet­
ric flasks. 

Determine "apparent lithium concentration" in sample, blank and "spiked 
blank", as above . Calculate true concentrations by multiplying apparent con­
centrations by a factor, 

G 
By-Bx 

where Bx = apparent concentration of the blank; 
By =apparent concentration of the blank to which 1 ppm Li has been 

added . 

If Bx is not zero, it must be subtracted from the concentration of the sample 
solution as a blank correction. 

Finally, dissolve the residue on the small filter paper by passing through it 
repeated portions of HCl ( 1: 19 ), warmed in the platinum crucible in which the 
fusion was done. Wash the filter paper several times with additional warm 
HCl (1:19) and evaporate the resulting solution to dryness. 

Dissolve the residue by warming with 20 ml HCl (1:19) and make up to 25 ml 
in a volumetric flask. Determine the lithium concentration as above. No 
correction factor is necessary because the salt concentration is relatively 
low. 

Calibration 

Into six 100-ml volumetric flasks, measure 0 , 5 , 10, 15, 20 and 25 ml of 
standard lithium solution. Add 4 ml concentrated HCl to each and dilute to 
volume . This g ives a series of s tandar d s containing 0 . 0, 0 . 5, 1. 0, 1. 5, 2. 0 
and 2. 5 ppm Li . 

Using the operating conditions for lithium determination, plot a calibration 
curve as described in Appendix I. This curve should be a straight line. 

The same limitations on the use of this curve apply as in the case of magne ­
sium, the effect of flame conditions being more marked with lithium. 
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Appendix III 

Operating Procedure for Zinc Determination 

Special Reagents 

1. Standard Zinc Solution ( 10 ppm Zn) 

Prepare by diluting a more concentrated solution, prepared from zinc metal 
and HCl. 

Sample Treatment 

Proceed exactly as outlined in Appendix II, as far as the filtration and wash­
ing. 

Discard the filter and residue. Evaporate the filtrate, if necessary to about 
40 ml. Make up to 50 ml in a volumetric flask. 

(If there is any reason to suspect the presence of zinc in the residue, it should 
be analyzed as in the fusion method in Appendix II). 

Atomic Absorption Measurements 

The zinc hollow-cathode lamp is warmed in "stand-by" at 3 milliamperes, 
and run for analysis at a regulated modulated current of 6 milliamperes. The 
wavelength is 2138 angstroms and the slit width 300 microns. The burner is 
used with the slot parallel to the light beam . 

With the flame ignited and air pressure at 18 lb. /sq. in. , adjust acetylene 
flow to give maximum transmission, with water in the flame . If necessary, 
adjust vertical and lateral flame position for maximum absorption, with a 1-
ppm Zn standard in the flame. 

Other details of instrumental operation, calculation, etc . , are similar to 
those in Appendix I. 

Calibration 

Into six 100-ml volumetric flasks, measure 0, 5, 10, 15, 20 and 25 ml of 
standard zinc solution. Add 2 ml concentrated HCl to each and dilute to vol ­
ume. This gives a series of standards containing 0. 0, 0. 5, 1. 0, 1. 5, 2. 0 
and 2. 5 ppm Zn . 



~ 
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Using the operating conditions for zinc determination, plot a calibration curve 
as described in Appendix I. This curve should be a straight line over more 
than half its l ength . The curve may be assumed to be straight, in obtaining 
a first approximation of the zinc content of unknown samples . In the final 
analysis, very little error is introduc ed by assuming tha t the calibration 
curve is linear, provided the sample and standard are sufficiently close 
together in zinc content. 
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Appendix IV 

Operating Procedure for Determination of Magnesium and Iron 
in the Same Solution 

Special Reagents 

1. Standard Iron Solution (5 0 ppm Fe) 

Prepare by diluting a more concentrated solution prepared from pure iron 
and HCl, oxidized by addition of a little nitric acid while the solution is hot. 

2, 3. Standard Magnesium Solution and Strontium Solution 

These are the same as described in Appendix I. 

Sampl e Treatment 

Decompose 100 mg sampl e as outlined in Appendix II. If there is any residue, 
it may contain s i gnificant amounts of iron, in which case it must be brought 
into solution by fusion with sodium carbonate or sint ering with sodium perox ­
ide. In either case , the produc t is leached with water and filtered. All of 
the iron should then be in the residue on the filter . The filtrate from the 
fusion may then be discarded and the r esidue dissolved in warm dilute HCl. 
The resulting solution may be analyzed for iron in the same way as the main 
sample solution . In most cases, all of the magnesium and most of the iron 
will be found in the solution resulting from the initial attack on the sample . 

The main sampl e solution is diluted to volume in a volumetric flask of conven­
ient size, to permit taki ng an aliquot containing O. 0-1. 5 mg of Fe. The 
magnesium content of the a liquot should be under 0. 2 mg, but it may be as 
high as 0 . 6 mg, if the magnesium determination is done with the burner head 
turned through a greate r angle than in Appendix I. 

The aliquot is transferred to a 100-ml volumetric flask, 10 ml of the stron­
tium solution added, and the solution diluted to volume . For samples in 
which magnesium is present in much higher concentrations than iron, it may 
not be possibl e to determine both elements at the same dilution. In such a 
case, the same quantity of strontium must be present in the solutions used 
for both determinations. 

Atomic Absorption Measurements 

Magnesium is determined under the same conditions as in Appendix I, except 
that if the higher concentration range is used , the burner head must be rotated 
through an angle that will cause a 3 ppm Mg standard to read about 50 per 
cent transmittanc e . 
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The iron hollow - cathode lamp is warmed in "stand-by" at 5 milliamperes and 
run for analysis at a regulated modulated current of 10 milliamperes. The 
wavelength is 2483 angstroms and the slit width 25 microns . The burner is 
used with the slot parallel to the light beam. 

With the flame ignited, water aspirating, and air pressure at 18 lb. /sq. in., 
adjust acetylene flow to give the faintly luminous zone, as used for magne­
sium determination, but then reduce acetylene flow unt i l the luminous zone 
just disappears. If necessary, adjus t vertical and lateral flame position for 
m aximum absorption, with a 5 ppm Fe standard aspirating. 

For maximum precision, the sampl e and s t andard solutions should be aspirate d 
from 20-ml graduated beakers, in which the level of the solution is kept 
within the range of about 8 to 17 ml. Also , the aspirator and burner assem­
bly must be dismantle d and cleaned a t frequent intervals. 

Other operating details are similar to those in Appendix I. 

Calibration 

Into six 100-ml volumetric flasks, m easure 0, 5, 10, 15, 20 and 25 ml s tan ­
dard iron solution and 0, 4, 8, 12, 16 and 20 m l s tandard magnesium s olu­
tion. Add 10 ml strontium solution to e a ch and dilute to v olume . These 
solutions w ill then contain 0 . 0, 2 . 5, 5 . 0, 7 . 5, 10. 0 and 12. 5 ppm F e and 
0. 0, 0. 4 , O. 8 , 1. 2, 1. 6 and 2. 0 ppm Mg r espec tive l y . If the higher magne­
sium range is to be us e d, the volumes of standard magnesium solution w ill be 
0, 10, 20, 30, 40 and 50 ml, and the final magnesium concentration in the 
standards will b e 0, 1, 2, 3, 4 and 5 ppm . 

The calibration curves for both magnesium and iron should be s traight lines, 
but the ir usefulness is limite d, as outlined in earlier Append ices. For final 
analysis, a single standard solution may be prepared for both iron and mag ­
nesium in each sample. 
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