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SUMMARY.

This thesis includes a description of modificetions of the
Hilger atomic absorption apparatus, which was used for most of the
work, These modifications were restricted to the atomiser and burner,
which were replaced by a modified "Eel" flame photometer atomiser=
burner, and resulted in improved sensitivity and instrumental stability
for thc atomic absorption of magnesium, A comparison of the performance
of this unit with that of the unmodified Hilger apparatus is given,
A "Handigas"™ (butane-propane mixture)-air flame was used for most
of this work, but a coel-gas-air flame was also studied end found
to give slightly greater sensitivity. The method was found to be
subject to interference from many elements. Stroﬁtium salts, employed
8s releasing agents to overcome the ertrect of other elements, were not
completely effective as milligram amounts.of several elements interfered
even when strontium was prescent. Among the more serious interfering
elements are: aluminium, iron, manganese and zirconium (}ess than 20
P.p.Mm. interfere); the alkali and alkaline earth metal salts (more
than 200-500 p.p.m. interf?rg); phosphate (more than 109 PePem. P205);
" uranium (more than 4,000 p.p.m.); arsenate and vanadate. An attenpt is
made to.explein the mecheanism of some of these interfering effects,
A combination of strontium salt and acetyl acetone was found to.over-
come the effects of small amounts of several elements thai form
complexes with acetyl acetone {(e.g. iron and aluminium) far more
effectively than strontium alone, Larger amounts of many interfering
elements are removed by a solvent extraction procedure employing
acetyl acetone and chloroform, Elements which carmot be removed by
this means may be separated by anionwexchange, volatilisation,
electrolysis or precipitation, A spiking technique, which compensates
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1, INTRODUCTION,

Thils work was undcrtaken in order to establish a relisble
method for the determination of magnesium, particularly in low concen=
trations, Some of the materials to be analysed includc uranium metal
and uranlum concentrates; zirconium metal and concentratesy clay and
siliceous ore samples and aluminium metal, Typical maghosium ¢ohcen-
trations in the metal samples are frequently 10 p.p.m. or less, while
most orc samples contain more than 0.01 percent of the clement. Thus in
the analysis of metal samples it 1s essential that the method should
be sensitive and be able to deal with reasonably large amounts of sample,
In the casc of ore samples the chief problem is the variable and often
uncertain composition of the material to be analyscd. It is important,
therefore, that the effects of other elements on the method should be
studied and that efficient means of overcoming their Interference
should be provided.

A literature surve, — ... ..at the atomic absorption method
for the determination of magnesium had the desired sensitivity (see
Setion 2), The effects of other elements were clalmed to be easily
overcome by the addition of a "releasing agent," Insufficient informa-
tion on the effects of other elements was glven, however, for the method
to be applied without further investigation. Most results avallable in
the literature were cbtained using a coal-gas-air or air-acetylene
flame, As 1t was desired to usc "Handigas" in this work a detailed

investigation of the effccts of other elements was ncoessary.

/2., LITERATURE SURVEY
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2.1. Method: avallable for th¢ _determin.._on of mamesium,

Most exlsting methods for the determination of macro amounts
of magnesium employ the precipitation of magnesium ammonium phosphate
after the separation of calcium and other interfering clements. Smaller
quantities are usually determined either by titration with EDTAl’E'
or by a colorimetrlec method,

The EDTA titration methods are commonly applied to the
determination.of macro (milligram) s..—.ts ¢ magnesium, although
methods have been proposed for the estimation of a few micrograms.
Most Interfering elcements can be complexed, but the cndpoints are not
sharp if large.amounts of interfering elements are present, Usually
solvent extraction has to he employed to remove interfering elements,

35145,

Titan Yellow is the most popular colerimetric reagent,

~ut attempts by the anthorn tn ammlov 1+ far the gnalysis of clay sanples

nave so far been oW results were obtained,
. 6

The cause of thi: Xylidyl Dluc " has also
been proposed as a curoruncuric reagenu anu s capable of good sensie

tivity (1 microgram of magnesium per 25 ml,), but the calelum content
of the final aliquot must be botween 10 and 300 micrograms and the
sodium content must alsc be closely controlled.

The use of zazéT' for the colordmetric determination of
between 0,02 and 0.7 percent magnesium in duralumin, high silicon
alloys and other materlals has also been described. This rcagent,
like Titan Yellow, depends on the adsorption of the dye onto magnesium
hydroxide particles and 1s claimed to be superior to Titan Yellow, The
sensitivity of this method, however, appears to be Insufficient for
the analysis of aluminium and uranium samples,

Magons' glves the desired sensitivity (10 micrograms of Mg in
25 ml), as does Eriochrome Blaclk T.9', but both these reagents also
glve colours with many othor elcoments. Oxinelo'appears to be the
most promising colorimetric recagent for low concentrations of magnesium,

From 10 to 8O micrograms of magnesium can be determined with an accuracy

/5aness0f 5=10 percentse,s
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FIGURE 7.

The Effect of ecalaium on the absorbance of maegnesium,
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TABLE 11,
- . . -
Subst, Cone. Conc. Mg |Cone. Sr [0.D. Mg solmn. IEnhance={ Graph
added | foreign (p.p.m.) |salt without mcnt No. REMARKS
subst. (molarity)| foreign
subst,
Sr, as 187.6 ng Sr/ 0.k - 0,305 0.¢9 =~ |Mg added as
ClCh 50 ml. perchlorate
. 1 i
Ba, as {0.0137 mg Ba/| 0.L8 0 0,091 1,03 Fig.8|Mg added as
chloridg 50 ml. : ¥ nitrate 4
(ARG ooy 1 - 0. 46 0 0,091 1.12
0.06 " " 0.kg -0 0.091 1.h1
0.137 " ¢ 0.L§ 0 0.091 1.75
0,27k ® 0.8 0 0.091 1.50
0.6 * ¢ 0.4L8 0 0.091 2,00
1.37 " 0.48 0 0.091 2,22
0,137 " 0.48 0.02 0.271 1,00
1.3 * 0.48 0.02 0,271 1.01
10 weon &\o.hs 0.02 0.271 1.00
3 ) o
\?0 oo 1oo,lB 0,02 0.271 0.96

Same conditions as in Table 9.

barlum all enhance the absorbance of magnesium.

The results in Table 11 show that calciwa, strontium and

In the case of calcium

. ++
and strentium maximum cnhancement was observed at a molar M

Mg

concentration ratioc of about 1000, larger concentrations giving a

decrceased enhancement.

The tests with barium were not performed over

as wlde a range of concentrations as with calcium and strontium and,

conseguently, the peak in enhancement was not obscrved,

In the prescence of 0,02 M strontium salt mederate concentrations

‘of both caleium and barium have a depressing effceet on the absorbance

of wmagnesium. Thils effect 1s observed .at concentraticns of greater

than 200 p.p.m. Ca and about 400 p.p.m. Ba.

/50, .,.The coneentration, ...
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TABLI 3.
Lffects of copper. ..lver and zold.
Sub- Conec. onc. Mg |Conec. Sr 0.D. of Mg
stanco foreign (p.p.m.) | salt solution :
add.dl subst, (molarity) {thout Enhancement
mg/50 ml) withou
f foreign
: subst.
Cu, as 500 0.4 0 0,084 2.k
chlorida
(A.R.) 500 0.h 0.02 0.283 0.93
Ag, as 500 0,k o 0.084 3.90
AR, nitra- .
te 500 O.b 0.02 0,283 1.01
Au, from 10 0.4 0 0.0l 3.25
_pure
metal 10 0.k 0.02 C.257 1.04
and
aqua
rggia

Conditions as in Takle Q.

In the abscnce of strontium all these elements cnhance the
absorbance of magnesiun. This phenomenon cannot be cxplained by a
reduction of the freu-oxyéen content of the flamc as those elements
do not form particularly stable oxides. 8ilver does dissolve oxygen,
even at its melting=-point (96000)?where the solubility is 20 volumes
59.

of oxygen (at atmospheric pressure) per volume of metal, _The
volume of silver metal in the flame is so small, however, that this is
not likely to have a noticuable effect on the oxygen concentration.

In thepresenc: of strontium 10,000 p.p.ﬁ. of copper had a slight
depressing effect on the absorbance of magnesium. The effect of
10,000 p.p.m, of silver was negligible. 200 p.p.m. of gold enhanced
of tho absorbance very slightly. All these elements may be removed by
eluctrodeposition when their concentratim is excessive., Copper 1s

also removed by acetyl-acetone liquid=liquid extraction.,

/68...5.2.13% ...Zinc,
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S.2.13 Zine, Cadmium and L.

Only one concen*t—ation of each of thesce clements, viz.
10,000 p.p.m,, was tested. The results obtained are given 1n Table 2k,
TABTR 24,

Effects of #ine, cadmium and meprcury.

Sub- Conc. Conc. Mg Conc. Sr R.D. of Mg soln.
stance} forelgn {(p.p.m.) salt without
added |  subst. (molarity)] foreign Enhancement
(mg/50 ml) substance
h
Zn as 500 0.4 0 0.08L 3,45
7n{NO_ )
3/0 ex
7n +'HN03 500 oL 0.02 0.279 0.95
Cd, as 500 0.4 0] 0.071 1.31
CdCl2
(4.R.) 500 0. 0.02 0.288 0.96
Hg as 500 0.k ] 0,084 0.92
FgClg(A.R.)
500 0. 0.02 0.298 1.04

In the absence of strontium zine enhanced the absorbance of
magnesium strongly, cadmium enhaticed it slightly and mefcury had a
slilght depressing effcecct. In the presence of strontium, the concentration
.of zine and cadmiuwn tested had very slight depressing effects, while
mereury enhanced the absorbance slightly. Zinc is partially removed
by acetyl acetone extraction and mercury 1s eliminated by ignition
of the dry sample at approximately 900°C,

5.2.14 Nickel and cobalt.

The results obtained for the effects of thosc elements are giveon

in Table 25,

/62....Table 25....The
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The results given in Table 30 for the effect of soluble

silicate on the absorbance of magnesium should not be affected by the

sodium present, as the sodlum concentration is well bolow the tolerance

of the method for it.

Even 10 p.p.m. of silica has e strong depiressing effect

ebsorbance in the absence of strontlium, while more than 10 p.p.m,

on the

of

sllice also act as deprescant in the presence of strontium. This 1s

probably due to the formation of magnesium and strontiwn silicates

high molting points in the {lame,

with

These results show the necessity of

removing silica almost gquantitatively when determining magnesium by

atomic abso

volatilization with hydrofluoric acid.

5.2.20

rption.

Ammonia and sulonato,

The moast convenient method of separation is by

The results of interference tests with anmonium chloride and

ammonium sulphates are given in Table 31.

TABLE 31,

Effect of ammonla and sulphataz,

Foreign |[Conec. foreign) Conc. Mg| Conc. Sr | 0.D. of Mg
substance| substanca ( m.} 5alt soln. with=| Enhance~-REMARKS
(mg/50 ml.) P-p.m. (molarity) out foreign| ment
substance .
1
MH,” 500 (NH,,) 0.L 0 0,081 1.12 —
s
as AR
NHh01 500 0.4 0.02 0.2L8 1.00 -
80y, 1 (so, ) 0.k 0.02 0.251 0.99
ps (NH )~
L2 2 0.k 0.02 0.251 1.00
30y, 2 slight
A . ppt, of
;u.R.gradc 5 o.L 0,02 0.251 1.00 Spe Soh

These results show that 10,000 p.p.m. of amionium lon has a

slight enhancing effect in the absence of strontium.

to the presence of chloride.

This 1is possibly due

In the presence of strontium, however, no

change in absorbance of magnesium was observed upon the addition of tnis

concentration of ammonium chloride.

The effeet of sulphate was tested in the prosence of strontium

only in order to establish the maximum concentration that could be

present without formation of a precipitate of stiontium sulphate.

75 /(The....
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accounted for by the presence of sodium alone,

in the presence of strontium

The tolerance for fluoride

is,therefore, about 100 ».p,m. Amounts of

fluoride in excess of this may be removed by fuming with perchlorice

or sulphuric acid.,

The npresence of fluordde in this work is also

objectionable as, in the slightly acidic solutions used, it would

causce contamination due to attack on the glasswarc.

5.,2.24 Ruthenium, platinum and palledium.

The results of intereference tests with thesc elements are

given in Table 35.

TABLE 35,

The Effects of Ruthenium, pallsdium and nlatinum,

! : : g
I
Foreign{Conc. foreign Conc. Sr salt | 0.D, of Mg
subst. {subst. (mg/50ml)| (molarity) soln. without | Enhance-
added foreign subst. ment REMARKS
Ru, as 1 0 0,083 2.72 | Yellow=-
chloride orange flame,
1 0.02 0.250 1.00 | even in
presence of
Sr, sugges-
tive of Na
contanination
Fd, as 1 0 0.083 2,06
pitrate in
dil. HN'O3 1 0.02 0.254L 1.00 e
Pt, as 5 0 0.080 1. U6 {Faint yellow
Pt Clh colour in
1 0.02 0.2 1,00 |flame
5 0,02 0,2h5 0.98

All these elcments enhanced the absorbance of magnesium in the

absence of strontium.

and platinum at 100 p.p.m,

ruthenium and palladium did not affect the

Pep.m. of platinum had a depressing effect.

5.3 GCGuneral notes on interference effedts.

Ruthenium and palladium werc tested at 20 p.p.m.
In the presence of strontium 20 p.p.m. of

absorbancy but more than 100

It 1s noteworthy that on no occasion was an appreciable

enhanccement of magnesium absorbance observed in the presence of 0,02 molar

strontium nitrate or chloride,

This may be mistakenly interpreted as mcaning

that enhancement is at a mnaxinum in 0,02 meolar strontlum nitrate solution.

/78, ...

Numerous elements...
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Numerous elements, however, enhance the absorbance of magnesium more

strongly than strontium,

If the enhanclng effect of other elements is due to a

reduction in the free oxygen content of the flame, the observed enhanccments

should be proportional to the free energies of formation of the oxides of the

elemants which exhibit this effect.

enhancement is given in Tablc 36.

The correlation of free energy and

Unfortunately the optimum enhancement

is not always avallablc; figures from the interference tests are used,

TABLE 36.

Correlation oif enhancement and fres cnergy

of formatioh of oxides.

| s 1
! Q i
Element ! Enhance= | Gat 1900°K H _ Obhserved o o)
I ment in K cals/mol Blement |rhance- | 867 2% 1900°K
' (observed) rient
c N N . .
alcium 4,65 ~100,2 |{Ruthenium 2,72 large positive,
strontium | L.5 - 92,6 ! Copper 2,40 ~11,6
nickel® 4,35 -13 barium? 2 =90
leadit 4,23 -81.5
lanthanum® | & ~287 1ithium 2.25 ~T7
silver 3.9 large, ant imorgy* 2.1 =50,2
positive palladiumi 2.1 large, positive
Cobalt* 3.45 ~82.5 zirconiwn®j 1,73 -172.5
Zine* 3.5 -20,2 |potassium 1.71 small, negative
goldit 3,25 large, rsodium 1.52 -4o,9
positive
boron’ 5.2% -200,1 ‘aluminium 1.5 -254,5
iron 1.2 ~120 !
chromiun® | 3,15 ~153,8 !ca.dn'l.’Lum"'r J 31 b
Cerium® | 2,97 28k |fthoriunm* 1,12 |=200.9

* Best result not available = usually only 1 concentration tested,

+ Probably a highor figure would have been obtained at a differcont

congentration.

not straight-forward,

[V

These results indicatc that the correlation is certainly

Where an element gives a lower cenhancement than

would be expected from the froee snergy of formation of its oxide, tho

discrepancy may be due to the formation of a refractory compound in the

solid aecrosol phase,

zirconiwn and thoriwn.

Examples of this are found in the cases of aluminium,

Far more difflcult to explain Is the
/79....hig.. vnhancement....
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i
Element i Tolerance p.p.m, Suggested separatlon when present
! in excess
thallium ) 200 .
indium % 100 ——
sulphate 100 anion exchange
selenium pRTe Volatilize by hesting dry sample
tellurium ;100
fluoride 100 anion exchange or by Tuming with
HC10,,
|
ruthenium ; :}20 j
palladium > 20 “H,8 precipitation
platinum 100 'j

5.1 Theoretical considerations,

In this section an attempt will be made to obtain theoretical
Justification for some of the theories proposed earlier. A comparison
of the observed sensitivity with that expected in theory will also be
attempted. Activity coefficients will be neglected In these caleculatlons
and simple concentrations used,

5.4,1 Degree of dissociation of magnesium oxide in the flame.

Consider the formation of magnesium oxide from its elements;

Mg (g) + 20,(g) —— M&0(s)

The standard free energy of formation, nt 10NNYK, tk(}o: 1=
=-H1.37 Kcala/mole§5° The .equilibrium constant, K,, for the formation

of maghesium coxide 1s defined as:

K, = ngogs;~ P 09

where the P terms renresent partial pressures. From thermodynamic
considerations the free energy of formation of a compound 1s related
to the equilibrium constant by the equation:
" (O
Log K = -&G , Where R = niversal gas constant
2.303 RT in cals./“K/mole

and T = absolute tenverature
/82....Substituting....
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TABLH, wu scon‘t e

Cone. Mg (7/50 mi) {Amount Al added |Residual Opticall 0.D. sample -
{mg) Al(wg): density] 0.D. blank
15

20 (extracted) 20. 0.62: 0.303 0.254

0 " 200 i (0.62)f 0,040 -

20 " 300 ; 1.5 1 0,307 0.257

0 " 300 (1.45)! 0.050 . -
i i | i
| - : i

The ;esults show that a fairly constant recovery of magnesium
is obtained over a fairly wide range of aluminium concentrations. Previously
(see Tablel1l3) 0.1 mz AL/50 ml was found to reduce the absorbance of
. magnesium by about 1% percent, while 1 mg. AL/50 ml reduced 1t by about
54 percent. Clearly the residual aluminium after extraction must be in some
form in which it cannot react with magnesium after the acetyl‘acetone
extraction. Probably the residual aluminium 1s still present as the
acetyl acetone chelate after acidification (Jjust enough concentrated
nitric acid was added to turn the methyl red red), and this chelate
apparently does not react with magnesium to give a refractory compound.
The direct addition of 0.1 ml., of acetyl acetone to a solution
containing 5 mg. Al and 20 7Mg/50 ml. in acidic solutilon did not
reduce the interference at =all; it appears the complex must first be
formed in neutral or alkaline solutlon.

This was tested using standard magnesium solutlions to which
an impurity and acetuyl acetone were added. The solutlon was made just
alkaline to methyl red with ammonia, re-acidified after about 3 minutes
with conecentrated hydrochloric acid, diluted to volume and the

absorbance measured. Results are glven in Table 41,

/%1....Table 4l...,

































(99)
of microgram quantities of magneslum in a wide variety of materilals has
been develioped, Even when solvent extraction or some othef means of
separation of interfering elements has to be employed, this method is
probably at least as rapid as most others available for the deterumination
of microgram amounts of magnesium, The precision of the proposed method,
ineluding solvent extraction, was determined using two standard clay
samples. Coefficlents of varlation of 2.0 and 4.6 percent, at magnesium
oxide concentrations of 0.65 and 0.22 percent respectively were obtailned.
The solvent extraction procedure 1s probably responsible for most of this
variation on account of the relatively large and somewhat variable blank
correction resulting from it, The precilsion of the method as judged

from these results, is adequate for most purposes.

/100, . . LITERATURE REFERENCES,
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organic matter, arsenic, sulphides, etc., should be ignited
before dissolution in order to destroy organic material and
drive off the volatile 1mpurities.

2) Solvent extraction {Note 2},

Transfer an aliquot of the sample solution, preferably
containing between 10 and 25y Mg, to a 100 ml, pyrex separating
funnel. Add 5 ml. acetyl acetone, 2 drops methyl red indicator,
dilute to approximately 20 ml.,stcpper, and shake for a few seconds
to mix. Add ammoniunm hydroxide with swirling until the indicator
Just turns yellow. If the solution is highly coloured adjust to
pH 7 using universal indicator paper. Add 20 ml. of chloroform,
shake for 1 minute and allow the phases to separate for about
15 minutes. Discard the chloroform layer. Repeat the extraction
using 10 ml, of 20 percent (v/v) acetyl acetone solution in chloroform.
Finally add 10 ml. chloroform, shake for 30 secs, and allow the
phases to sepavrate, Disgard the chloroforim,Add 1 drop of methyl
red and Jjust acidify the sclution with nitric acid. Pillter the
solution through a wet 9 cm, Whatman no. 541 paper, and collect the
filtrate in a 50 ml. volumetric flask. Rinse the paper 3 times with
water, add 1 ml, of molar strontium nitrate solution, dilute to the
mark and mix.

3, "Spiked" sample: To a portion of sample identical in size to

that taken in paragraph 2, add 10y Mg (from the standard magnesium
solution). Treat in exactly the same way as the samplas,

L4, Blank determination.

Prepare a total blank solution, commencing from parapgraph
(1) and following exactly the same procedure as described for the
sample,

5. Preparation of standards:

Transfer.aliquots of the standard magnesium solution
containing : 0, 5, 10, 15, 20, 25, 30 and 357 Mg to 50 ml.
volumetric flasks, add 1 ml. molar strontium nitrate sclution,
dilute to the mark and mix.

/108,...6. Measure the
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A..E L e e 2 »

Purification of salts.

1) Lithium chloride: "Specpure" lithium carbonate was found to contain

0.03% of magnesium, which is too much for it to be used ig interference
tests. A solution of lithium chloride of sufficient purity was
prepared from this lithium carbonate as follows:

About 8 g. lithium carbonate was dissolved in a minimum of
A.R. hydrochloric acid, the solution evaporated to dryness and the
residue redissolved in approximately 150 ml, of water., This solution
was passed slowly over about 25 ml. of Amberlite IR-120 resin in the
lhydrogen form and the effluent collected and evaporated to drvness.
Thig lithium chloride was used for the tests reported in Table G.

2) ILanthanum nitrate: Only a C.P. grade salt was avallable and this

was purified by double precipitation with amrionia. The hydroxide
was redissolved in A.R. grade nitric acid,

5) Uranyl nitrate: A solution of uranyl nitrate was prepared from

purified U 08 and A.R. grade nitric acid. This U 08 was prepared

3

Oy (approximately G0 percent pure), obtained

>

from a sample of impure U5
from Calcined Products, according to the method described in “Assay
Practice on the Witwaiersrand."Tl'

) Thorium nitrate: A C.P, grade salt was avallable, but contained

too much magnesium for use in interference tests. It was purified
by double precipitation with ammonia. The hydroxide was redissolved

in concentrated nitric acid.
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