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THE THORON-TARTARIC ACID SYSTEMS FOR THE

SPECTROPHOTOMETRIC DETERMINATION OF THORIUM
By F. S. Grimaldi and Mary H. Fletcher
ABSTRACT

Thoron is popularly used for the spectrophotometric défermination of
thorium. An undesirable feature of its use i1s the high sensitivity of the
reagent toward zirconium., This study describes the use of tartaric acid
as a masking reagent for zirconium, Three tartaric acid-thoron systems,
developed for the determination of thorium, differ with respect to the con-
centrations of thoron and tartaric acid. Meso-tartaric acid, used in one
of the systems, is found to be most effective in masking zirconium. The
behavior of various rarer elements, usually found associated with thorium
ores, is determined in two of the systems, and a dilution method is de-

scribed for the direct determination of thorium in monazite concentrates.
INTRODUCTION

At present, thoron [the disodium salt of 2-(2-hydroxy-3,6-disulfo-1-
naphthylazo)-benzene arsonic acid] is probably the most popular reagent for
the spectrophotometric determination of thorium. Originally introduced by
Kuznetsov (5) for the detection of thorium, the reaction was developed into
' a quantitative spectrophotometric procedure by Thomason and others (7).
Several important studies and applications of ‘this reaction have been made
by Ingles (4), Banks and coworkers (1,2,3), and Taylor and Dillon (6). The

report by Byrd and Banks (3) is comprehensive.




An undesirable feature limiting the use of the thoron spectrc-
photometric method for thorium is that the reagent is highly sensitive
to zirconium. This is shown in figure 1 where the net absorbance due
to zirconium alone and in the presence of 150 y ThOpz is plotted. It
should be noted that zirconium gives increased absorbance in the presence
of thorium. It can be shown that 1 ¥y of ThOz in 25 ml of solution gives a
net absorbance of 0.012 for a 5-cm light path. Thus 0.6 y of Zr0z is equiv-
alent to 1 y of ThOs when 150 7 of thorium dioxide is present. Several
organic hydroxy acids were studied as possible masking reagents for zirconiumj
this report deals with the use of tartaric acid.

The thoron-thorium-tartaric acid system is very complex., At least five
equilibria are involved: .. thorium-thoron, thorium-tartrate, zirconium-thoron,
zirconium-tartrate, and thoron-tartrate. The last equilibrium must be con-
sidered because thoron and tartaric acid also react. An additional variation
is introduced when meso-tartaric acid is substituted for the common d-

tartaric acid.
EXPERIMENTAL DATA

In systems free from tartaric acid, the acidity of the medium and the
concentration of thoron are important factors effecting the thoron-thorium
reaction, At pH values above 3 competition between hydroxyl ion and thoron
for thorium leads to progressively decreasing apparent absorptivity for the
complex, In the range of pH values 0,5-1.5 the pH dependency of the complex
is rather small justifying the selection of this range in published analytical
procedures for the determination of thorium, However, as the pH 1s raised

from 0.5 to 1.5 more ions interfere and the amounts tolerated become pro-

gressively smaller.
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The effects of thoron concentration relate to whether sufficient
thoron is present to yield full thorium complex (more than a stoichic-
metric amount of thoron for a 2 thoron:l thorium complex is found to be
required). Elements that form strong complexes with thoron may upset the
thorium-thoron eguilibrium by consuming reagent and causing less of the
thorium to be combined., When equilibrium is upset positive or negative
errors may arise depending on such factors as the magnitudes of the
absorbances of the complexes of the interfering ions, of the thorium com-
plex, and that of unreacted thoron at the wavelength used.

Elements that form weak complexes with thorcn are not likely to upset
the thorium-thoron equilibrium appreciably. The magnitude of the inter-
ference of such elements would depend on the free thoron present which
determines the extent of reaction. Such elements would be expected to give
greater intereference as the concentration of uncombined thoron is irncreased,

In our studies on the tartaric acid-thoron systems a high acidity
{(pH 0.65) was chosen to minimize the effect of interfe?ing elements, Three
systems were studied. In system I, 2 mg of thoron per 25 ml of final solu-
tion was used. This amount is Jjust sufficient to complex 150 y ThOz at low
tartaric acid concentrations. By limiting the thoron concentration it was
felt that interference from elements, such as rare earths, that react weakly
with thoron would be decreased. In system II, the concentration of thorcn
was twice that in system I. System II would be expected to have less anion
interference. In system III, the thoron concentration was the same as in
system I but meso-tartaric was substituted for the common.g—tartaric acid
‘used in the other two systems.

All experiments were made from a total volume of 25 ml, The order of

addition of the reagents was always the same: acid first, zirconium in (I+1)



HC1 solution second, thorium third, hydroxylsmine hydrochlcoride (1 mi of a
10 percent solution) fourth, 30 percent tartaric acid solution fifth, and
thoron last., Two milliliters of 0.l percent thoron was used in systems I
and IIT and 4 ml in system II. The total amount of ECl in all solutions
amourted to 1 ml of (1+1) EC1l (including that supplied by Zr solutions).
The hydrexylamine hydrochloride is included because it is used in the final
procedure to decrease the interference of ferric ircn. Absorbances werse
measured with a Beckman spectrophotometer using 5-cm cells at 545 mi, the

peak absorption of the thorium~thoron complex,
Svatem I

The effect of tartaric aéid in system I is shown in figure 2. Absorbances
were obtained differentially but are plbtted with respect to water as reference,
Thoron is seen to react with tartaric acid, progressively increasing abscrbe-
ances being obtained with increase in tartaric acid (curve D). The thoron-
tartaric acidrcomplex was found to have peak absorption at 533 mp. The
nature of this interaction is not known, The curves for 10 y ThOz (curve C)
and 150 7y ThOp (curve A) show that as the tartaric acid is increased more of
the thorium enters into a tartrate complex. The 10 y ThOz curve (curve C)
intersects the thoron curve (curve D) at about 5 ml of tartaric acid and then
follows the thoron curve, This 1s apparently due to full release of thorium
from its complex with thoron azd the complete formation of the thorium-
tartrate complexs However ten miililiters of tartaric acid is not sufficient
to complex completely 150 7 ThOz (curve A). The situation in regard to
solutions containing zirconium is peculiar (curves B, E, and F), Small
amounts of tartaric acid exert a strong complexing acticon on zirconium as

indicated by a sharp drop in the absorbance curve at small concentraticns
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of tartaric acid. J

If full zirconium-tartrate complex were obtained, oﬁ:e would expect that
the zirconium curves E and F (200 y and 1 mg ZrOz) would intersect the thoron
curve (D) then coineide with it as the tartaric acid is increased, as was the
case for 10 y ThOz in curve C, Actually for these amounts of tartrate, the
zirconium solutions absorb less than the thoron and this decrease cannot be
accounted for simply by the amount of tartaric acid combined with the zirconium.
Solutions containing both thorium and zirconium (curve B) show less absorbance
than solutions containing only thorium (curve A).

Several theories were postulated and experimental data were obtained to
find some basis for explaining the various phenomena. -On the basis of the
somewhat limited data, no theory gave a satisfying picture. It should be
mentioned that polynuclear complexes, molecular chains, geometric and tauto-
meric equilibria of thoron, meso and other forms of tartaric acld, and inter-
mediate complexes, such as Zr-thoron-tartrate, were considered. At constant
tartaric acid concentrations (greater than 5 ml of tartaric acid per 25 ml of
solution) the magnitudes of the decrease in absorbance due to zirconium were
found to be proportional both to the concentrations of zirconium and of thoron.
In figure 3, the solid curve shows the spectra of a reagent blank and the
dashed curve the spectra for a solution containing 1 mg ZrOz. Both solutions
contained 6 ml of tartaric acid and 2 mg of thoron, and each is compared against
a reagent blank free from tartaric acid. There seems to be no evidence of a
new absorbing species, but it is doubtful if the effects of small amounts would
be evident. It seems that a small amount -of dye~tartrate complex is lost.

It is clear from the nature of the curves plotted in figure 2 that the
thorium~thoron reaction would be highly sensitive only for media containing

small gmounts of tartaric acid. Accordingly, the 'regic:n up to 2 ml of
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tartaric acid was examined in greater detail, The thorium in the test
solutions was varied from 0 to 150 y ThO> and the zirconium from 100 to
1000 y ZrQO>. The absorbance of each test solution was determined relative
to a comparable reference solution containing the same amounts of all
reagents but without zirconium, In figure 4 the data for solutioms con-
taining zero and 150 7y ThOs and 0.1 to 0.5 ml of tartaric acid are shown.
Higher concentrations of tartaric acid were eliminated because of the slightly
greater zirconium interference at low concentrations of zirconium, QOther
curves for intermediate gmounts of ThOs fall in proper sequence between the
limits shown in figure 4, If an absorbance difference of 0.011 (which is
equivalent to 1 y ThOz) is taken as the maximum allowable error, the zirconium
interference would be least at a level of tartaric acid between 0.3 ml and
0.5 mls: Differences ,here are small and the 0.3-ml level of tartaric acid was
selected for the operating system, The operating conditions adopted for
system I follow: In a total volume of 25 ml are contained 1 ml of (1+1)
" hydrochloric acid, 1 ml of 0.1 percent hydroxylamine hydrochloride, 0.3 ml
of 30 percent tartaric acid, and 2 ml of 0.1 percent thoron., In the final
procedure 1 ml of 9 percent tartaric acid is substituted for ease in pipetting.
Under the operating conditions of system I, the effect of varicus ele-
ments usually found in thorium ores, calculated as oxides, are given in table
1. Absorbances were determined differentially in S5«cm cells. The amount of
each element is equivalent to an error of 1 y ThOz at the various levels of
thorium, The cations were introduced as chlorides and anions ac the sodium
salts., Niobium and tantalum solutions were prepared by fusing each oxide
(purity > 99.5 percent) with Ko(0Og and leaching the melts with water o give
very dilute solutions. The titanium sclution was prepared by fusing TiOz

with K2C0g and dissolving the melt in (1+9) hydrochloric acid, The rare earths
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Table l.--Milligrams of various elements (as oxides) equivalent tc¢ 1 microgram of thorium dioxide.
System I System II

Flements (5 mi of 0.0.%F% thoron, 1 ml of 9% tartaric acid) (5 ,T(I)J% 2&3@@3@1‘2}2& d:;- ml

' te?#ed at 0-Th0z at 10y ThO at 100 y ThOs at 150 y ThOs at 0-ThO2 at 50 y ThOz at 150 y ThOz
Sc203 0.52 0.18 0,070 0.070 0.63 0,11 0.10
Y205 %45 3.5 TeD >Te5 2,0 2,5 2.7
Laz0s 0.72 0.72 1.0 - 0.35 0.77 2.5
Cez03 0.146 0470 1.2 1.8 0,34 0.50 0.72
Pra0s |  O.TH 0.76 0.96 - 0.49 0.50 0.85
Nd=0g 0.88 0.96 1.6 1.7 0.48 0.63 0471
Bmz05 0.68 D72 0.95 0495 0,58 0,58 0.82
Eug0sa 1.9 1.9 1.9 - 0.81 1.2 1.6
Gdz0s 2,8 2.8 2.8 - 1.2 1.7 1.7
Tbz03 - -= >5.0 . 1.k - -
Dy=203 - = ki e e L e
Hoz0s el - >5.0 g . " e
Ers03 - - >540 o 3,6 . o
Tma0g - - >6.0 - i - -
Ybs0s | >5.0 >5.0 >540 - Bl " b8




Table 1l.--Milligramd of various elements (as oxides) equivalent to 1 microgram of thorium dioxide--Continued.

System I

(5 ml of 0,04% thoron, 1 ml of 9% tartaric acid)

System II
(5 ml of’0.08% thoron, 1 ml

Elements of 30% tartaric acid)

tested
at 0-ThOz at 10 y ThOz at 100 y ThOz2 at 150 y ThOz at 0-ThOz at 50 y ThOs at 150 y ThOp

Luz03 - -- S5 .0 - k.0 >5 40 e
Ti0p | 1.0 0,040 0.016 0,013 0.50 0.021 0.01k
Zr0p Q.13 013 0,18 0.045 0.34 0.36 >1.0
Nb20s 0,20 * 0.0 0.060 0,043 0.83 0,060 0.050
Ta20s 0.10 0.25 0.13 0.04 0.59 0.090 0.077 &
W03 >5.0 2.8 1.0 0.50 >5.0 3.0 b7
U0z 0.54 0.54 143 2.4 0.28 0,38 0.47
Fep03 0.35 0.18 0.15 0. 14 0413 0.045 0028
Aux0g 540 >5.0 >5.0 >5.,0 5.0 >5.0 >5 .0
HgO >20 >20 >20 >20 >20 >20 >20
A1504 i 82 50 23 2,3 3.0 845
8n0p 0,060 0,060 0.079 0.098 0,056 0,094 0,078
PbO >10 >10 >10 >10 540 10 10
Biz0g - - - - >5 40 >5,0 >5.0
P20s >5 40 2.0 0,16 0,065 >5 40 0,70 0.60
503 >5.0 b3 0.60 0.32 >5.0 2,2 2,2
F >5,0 0.001 0.0006 >2,0 0.005 0.0027

04006k




16

were spectrographically pure and determined to be free from thorium and

zirconium by chemical tests.
System IT

In system II, the amount of thoron was increased to 4 mg. The effect
of tartaric acid on solutions containing 200 to 1000 y ZrOs alone and in
the presence of 150 7 ThOz is shown in figure 5. The absorbance differences
from solutions free from zirconium but containing the same amounts of other
reagents are plotted. One milliliter of tartaric acid was chosen as optimum,
The operating conditions for system II are thus the same as in system T
except for the substitution of 1 ml for 0.3 ml of 30 percent tartaric acid
and of 4 mg of thoron for 2 mg of thoron. The effect of various elements
under these conditions are given in table 1.

The effects of thoron concentration at the 0.3-ml and 1.0-ml levels of
tartaric acid, other conditions being the same, are illustrated in figure 6.
‘We have data showing that in the thorium complex the ratioc of thoron to
thorium is 2 to 1, A calculated absorbance-thorium concentration curve for
0.3 ml of tartaric acid and 2 mg of dye was found to be within 5 percent of
the experimental curve., The 5 percent difference can be accounted for by the
small amount of thorium complexed by tartaric acid« The effect of pH under
the operating conditions of system II. is illustrated in figure 7. One
milliliter of (1+1) HC1 was used in the reference solution. Only slight
changes in absorbancy with increasing acidity show that the pH dependency is
not too important. 8Similar coﬁsidera.tions hold for system I.

The effects of various elements, system II, are given in table 1. Higher
concentrations of rare earths, iron, aluminum, and uranium can be tolerated

in system I than in system II.
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System II can tolerate higher concentration of anions as well as

zirconium and tungsten,
Bystem III

Two milligrams of thoron was used in system IIT which is similar to
system I except that meso-tartaric acid was substituted for the d-form used
in systems I and II. The effect of mesco-tartaric acld on the absorbances
of thoron and various sclutions containing thorium or zirconium or both are
shown in figure 8. Absorbances were obtained differentially but are plotted
with respect to water as reference., A simple system is indicated without
the complications exhibited by d-tartaric acid systems. It seems that meso-
tartaric acid should be an ideal reagent to mask at least 1 mg of Zr0z. The
system appears promising and will be the subject of a separate study. Present
work on the meso-tartaric acid system has had to be suspended pending the

results of inquiries on the cost and availability of the reagent.

SPECTROPHOTOMETRIC DETERMINATION OF

THORTUM IN MONAZITE CONCENTRATES

By the use of a dilution technique and measuring absorbances with a 5~-cm
light path, it was found possible to determine thorium in monazite sands
directly after the solution of the sample, An aliquot representing 0.5 mg of

sample is used for the spectrophotometric determination,

Reagents and apparatus

Thoron solution, system I, 0.04% g per 100 ml of agueous solution.
Thoron solution, system II, 0.08 g per 100 ml of aqueous soluticn.

d-Tartaric acid solution, system I, 9 g per 100 ml of aqueous sclutlons
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Figure 8.--Effect of meso-tartaric acid, system III (uppermost curve--150 y ThO2 + 1 mg ZrOz;
next-~150 y ThOo; dashed--1 mg ZrOp; lowest solid--reagent blank).
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d-Tartaric acid solution, system II, 30 g per 100 ml of aqueous solution.
Hydroxylamine hydrochloride solution, 10 g per 100 ml of aqueous solution.

Beckman Model DU spectrophotometer supplied with 5-cm cells,
Procedure

1. Mix 0.1000 g of a representative finely ground monazite sample with
1 g of sodium peroxide in a platinum crucible.

2. Sinter the mixture (covered) in a small furnace at 440 + 20° C for
about 30 minutes., At higher temperatures Naps0Osz would seriously attack the
platinum vessel., In the range 440 + 20° ¢ the platinum crucible is hardly
attacked.

5« Leach with 25 to 50 ml water. Digest the solution on the steam bath
until the precipitate is filterable.

4, Filter the solution through a medium speed filter paper and wash
with 1 percent potassium hydroxide solution. A clear filtrate should be
obtained. If not, the filtrate is digested and refiltered.

5. Dissolve the residue off the paper with 20 ml of hot (1+1) HC1 (use
pipet) adding a drop or two of hydrogen peroxide (30 percent) to reduce cerium
to the trivalent state. Wash thoroughly with water. The filtrate should be
about 40 ml.

6. Remove hydrogen peroxide by heating the solution on the steam bath
in a covered beaker for about 30 minutes. Cool.

T« Transfer the solution to a 100-ml volumetric flask and adjust to
mark with water. Mix,

8. Transfer a 10-ml aliquot to a dry 100-ml volumetric flask. Add (1+9)

HC1 to the mark. Mix,
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9. Transfer a 5-ml aliquot to a 25-ml volumetric flagk, Add 1 ml of
hydroxylamine hydrochloride., Add 5 ml of water, If system T is used, add
1 ml of 9 percent tartaric acid solution and 5 ml of 0.04 percent thoron
solution. Adjust to mark with water and mix. If system II is used, add 1
ml of 30 percent tartaric acid solution and 5 ml of 0,08 percent thoron solu-
tion. Adjust to the mark with water and mix. Volumetric pipets are used
throughout .

10, Measure the absorbance of the solution in 5-cm cells against a
reagent blank, The reagent blank is prepared by adding 1 ml each of (1+1)
HC1l, hydroxylamine hydrochloride, the proper tartaric acid, and 5 ml of the
proper thoron solution. Absorbances are measured with the Beckman DU
spectrophotometer at 545 mu using a slit width of 0.05 for system I and
0.15 for system II. "

11. Determine the amount of thorium by reference to a standard curve.
The relationship between absorbance and thorium concentration is linear up to
160 7 ThO» for system I and up to 60 y ThOo for system II., For amounts of
ThO> greater than these limits, the curvature is very gentle and all points
are reproducible, The systems are stable enough so that absorbance measure-
ments can be made at any time within 1 hour,

Note: The suggested dilution procedure is peculiarily suited for the
determination of thorium in monazite concentrates because the ratios of
titanium and other interfering ions to thorium are usually sufficiently low
in these ores. The dilution technique should find use on other samples
provided that the final aliquot contains smaller amounts of interfering ele-
ments than given in table 1. Ordinarily titanium and iron determine the
limits of applicability. For an aliquot containing 0.5 mg of sample, no

more than 4 percent TiOs and at least 1 percent ThO> should be present., JIron




ol

need not be a sericus interference if it is reduced to the bivalent state

in which form at least 10 mg can be tolerated. For the reduction of iron

the final aliquot (which is acid) is evaporated to dryness, 1 ml of
hydroxylamine hydrochloride sclution is added, and the mixture warmed briefly.
At the low acidity of such solutions the redﬁ:ti@n of iron is instantaneous.
After the reduction, water, hydrochloric acid, tartarie acid, and thoron are

added for the color development .
Test of procedure

A standard monazite sand, no. 2601, obtained from the New Brunswick
lLaboratory of the U, S, Atomic Energy Commission, was analyzed according to
the proposed procedure. Three aliguots of the solution were analyzed by
the method of system I and three aliquots of the same solution were analyzed

by the method of system II. The results are given in table 2,

Table 2,-~Test of procedure on monazite sand.

Sample no. Percent Thds
System I System IT Certificate value
NBS 2601 9.88 9.80
Do. 9.88 9.78 9.65
Do 9.88 9.82
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