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A SPECTROPHOTOMETRIC STUDY OF THE THORIUM-MORIN

MIXED~COLOR SYSTEM
By Mary H. Fletcher and Robert G. Milkey
ABSTRACT

Thorium reacts with morin in solutions at a pH of 2.0 to yield a
single complex that has a thorium:morin ratio of 1:2. The yellow
complex has a maximum absorbance at 410 m and is stable for at least
T hours. The sensitivity of the reaction is such that as little as
about 0.2 microgram of ThOs in 50 ml can be determined using a light
path of 5 cm, .An average apparent equilibrium constant of approxi-
mately 1 x lO6 was found for the reaction.

The effects of acidity, alechol.content, morin content, time, age
of the morin reagent and temperature of the reaction have been studied
as have the effect of some other ions. Zirconium and aluminum inter-
fere seriously and must be absent. The interference from ferric iron
is also serious but the effect may be appreciably decreased if hydroxyl-
amine is added to the solution, Relatively large amounts of calcium and
lanthanum may be present without causing interference, and these ions
can be used as carriers in separations of thorium from other ions.

Morin is a suitable reagent for the determination of thorium in
pure solutions. If appropriate separations are found for the separation
of thorium from other ions, the reaction will be useful for the determina-
tion of trace amounts of thorium in complex materials. The information
presented in this paper is fundamental to any specific adaptation of

the reaction to the analysis of complex materials.



INTRODUCTION

In work conducted on behalf of the U, S. Atomic Energy Commission,
the U. S. Geological Survey has been actively engaged in an investigation
of the distribution of thorium in rocks and has found it necessary to
analyze many samples for trace amounts of thorium. In this investigation
the use of existing methods of analysis has demonstrated the need for
a very sensitive and, if possible, selective reagent for the colorimetric
and/or fluorimetric determination of thorium.

Because of this need, a search for a new reagent was started. To
date, 93 organic compounds have been tested for their possible reaction
with thorium. The conditions for the reactions were determined and
their sensitivities compared., Of the compounds tested--morin-was +the
most sensitive,

Morin, 5,7,2',4' flavanol, has gae structure:

Ho oH

Y
ow ©
It is obtained as CisH1007°2H20 with a molecular weight of 338.26, or as
CisH1007 with a molecular weight of 302.23, depending upon the method of
preparation. It reacts with a number of metallic ions under various
conditions of acidity to produce fluorescent and/or colored complexes
(1,4%,5,11),

We are indebted to Dr. Charles E. White of the Chemistry Department
of the University of Maryland for supplying the morin used in this
investigation.

The reaction between morin and thorium takes place under slightly

acid conditions to give a yellow solution which exhibits a green fluo-

rescence when exposed to ultraviolet light. Figure 1 shows a spectro-



photometric curve for the yellow solution (curve B) and one for a
"solution of pure morin (curve A). Although the pH of both solutions

was 1.96 and each contained 600 micrograms of morin per 50 milliliters

of solution, there was also the equivalent of 5.0 mg of ThOs in the
solution used to obtain the data for curve B. The absorbance spectra

in figure 1 represent a system highly favorable for quantitative analysis
because the peak of the morin-plus-thorium curve occurs at a point where
the absorbance for the morin is essentially zero, and the peaks of the
two curves are well separated (350 ms4 for morin and 410 nv& for morin
plus thorium).

Both the color and fluorescent systems were studied in order to
evaluate the suitability of morin as a reagent for the quantitative
determination of trace amounts of thorium. A discussion of the spectro-
photometric study of the color system, and a method for the determination
of thorium in pure solutions are presented here, This information will
be fundamental to any specific adaptation of the reaction for the

determination of thorium in rocks or other materials.
EXPERIMENTAL DATA

Apparatus and reagents

v Beckman DU quartz spectrophotometer

Beckman pH meter

Morin: Ci3sHig07°2H20 (mol. wt. 338.26) of high purity was obtained from
Dr. Theodor Schuchardt in Munchen, Germany. Solutions of morin of the
strength desired were prepared by dissolving the solid material in 95

percent ethyl alecohol. The reagent adopted for use in analysis con-
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tained 1 mg of morin per milliliter of alcohol,

.Standard thorium solutions: Stock solutions of thorium chloride and
thorium nitrate were prepared by dissolving the respective salts (TP,
grade) in 3 percent hydrochloric or nitric acid. These solutions, which
contained the equivalent of 100 mg of ThOz per milliliter, were standard-
ized gravimetrically by precipitation of the hydroxide with ammonium
hydroxide which had been freshly prepared from tank ammonia gas, after
which the thorium hydroxide was ignited to ThOs and weighed, Working
solutions were prepared from the stock s@lﬁtions by dilution with
distilled water and, when ﬁecessary, by the addition of more acid. The
acidity of all working solutions was adjusted to give a pH of 1,9 to 2.0;
thorium solutions are stable at this pH (7).

Hydroxylamine hydrochloride: C.P., grade, a 10 percent solution in distilled
water,

‘Materials tested as possible interferences: Stock solutions of the
nitrates (C.P. grade) of sluminum, calcium, iron, lanthanum, lead, uranium,
and zirconium were prepared in nitric acid and diluted as required to give
_ working solutions of the proper concentration and having a pH of 2.0.. The
working solutions were used immediately after dilution to avoid possible

loss of solute from hydrolysis.

Determination of conditions for maximum

sensitivity and/or stability

Te establish the optimum conditions for the reaction between thorium
and morin, it was necessary to determine the effects of the more important
experimental variables. In studying these variables, a standardized

order for the addition of reagents was adopted and the following general
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procedure was used for the preparation of all solutions:

The acid was added first, followed by thorium and
enough water to make a total volume of about 20 ml.
After the solution was mixed, 2 ml of morin reagent
was added, and the solution was mixed again. The
volume was adJjusted to exactly 50 ml, the solution
was given a final mixing, and after half an hour,
the absorbance was measured.

In each of the subsections which follow, one experimental variable
is considered, its effect on the color evaluated, and the optimum
condition for maximum sensitivity or stability selected.

Acidity.--The most advantageous pH was determined from absorbance
and pH measurements on two series of solutions. In the first series,
each solution contained 2,0 mg of morin; and in the second series each
of the solutions contained 2.0 mg of morin and also the equivalent of
15 micrograms of ThOs as the nitrate, thus simulating conditions for
thorium analysis. The total alcohol content of each solution was 2 ml,
but different amounts of nitric acid were added to the solutions so that
each series covered the pH range of 1.4 to 3,0, The absorbance at 410 nyi
and the corresponding pH values for the solutions of pure morin (1)
and for those which contained both morin and thorium (2) are shown in
figure 2, In the pH range of 1.4 to 2.0, the absorbance for the morin
solutions remained constant but the absorbance for the thorium solu-
tions increased continuously. A pH of 1.9 to 2.0 was selected and
maintained in all subsequent work becaguse it was in the region of constant
absorbance for the morin, and it was believed that less interference

from other ions would result here than at a pH of 2.4 where the sensi-



LIGHT PATH

ABSORBANCE— 5 CM

.500|—
.4-0CL

.
300

b v
2005 |.|2 I |J4l 1.,61 I.|81 2|.olz!2 IZIKLZIEJ—ZIBJ‘BJU‘%J‘Z—‘

£
pH

Figure 2.--Effect of acidity on absorbance at 410 m/t for pure morin (1); morin
plus thorium (2).

TT




12

“tivity was slightly higher and at a maximum.

Other experiments showed no essential difference in the reaction
when either hydrochloric or nitric acids were used. Althaugh_perchlorie
acid may;be empl@yed,~sulfUriciacid cannot be uSed because sulfates
complex thorium to such an extent that no color develops.

Alcohol.=-Two series of solutions were prepared with an alcohol
content ranging from 2 to 16 ml in each series. Each solution of the
first series contained 2.0 mg of morin only, and each solution of the
éecond series contained 400 micrograms of morin completely coverted to
the colored complex by an overwhelming excess of thorium (50 mg ThOs).

The curves in figure 3 show the relationship between the absorbance
at 410 m/4 and the alcohol content for these solutions. When the alcohoi
is increased from 2 to 16 ml, the abs&fbance for pure morin increased
37 percent (i), and the absorbance for the complex decreased 2 percent
(2)s The difference in absorbance between the two curves at any point
indicates the sensitivity of the measurement for a given alecchol content,
The over=-all sensitivity of the measurements, when the values are on the
basis ;f'equal light paths, deecreased about 6 percent when the alcohol
was increased from 2 to 16 ml, Inasmuch as the smaller amount of alcohol
is optimum for maximum sensitivity, a total alcohol econtent of 2 ml was
adopted in the standard procedure.

Time of standing.--Having established the acidity and alcohol content

for the standard procedure, the stability of the color was determined by
periodic absorbance readings on three solutions., The firsf solution
contained 2.0 mgvof morin; the second contained the equivalent of 15
micrograms of ThOz completely converted to the colored cemplex by an

excess of morin (2.0 mg); and the third contained 400 micrograms of morin
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completely converted to the colored complex by an excess of thorium
(50 mg ThOz).

The absorbance at 410 mg4 for each solution, plotted as a function
of the time elapsed between preparation of the solution and measurement
of ite absorbance, is shown in figure 4 where the curves indicate
pragtically constant absorbance for at least 7 hours. In solution one,
>w%ere fhe change was greatest, the total change in absorbance during 7
hours was about 2.5 percent which is within the accepted experimental
error for colorimetric work., After a period of 24 hours, the maximum
change in absorbance occurred in solution 3, The drop here was about k4
percent. It may be concluded, therefore, that the color of the solu-
tions is quite stable, In the standard procedure, one-half hour was
allowed for the color to reach equilibrium before the absorbance was
measured.

Morin concentration.=-Two series of solutions were prepared; in the

first series, each of 23 solutions contained 15 micrograms of ThOo and
an amount of morin which ranged from O to 4000 micrograms; in the second
series, each of 9 solutions contained morin alone and in an amount which
ranged from 0 to 4000 micrograms. A curve was drawn for each series of
solutions showing the absorbance at 410 nyi as a function of the original
morin content. Subtraction of the ordinates of the curve for the morin
blanks from the ordinates of the curve for the solutions which contained
thorium as well as morin gave the absorbance due to the complex, These
values were used to prepare the curve in figure 5; which, in effect,
shows the amount of complex formed as a function of the original morin
content of the solutions and indicates essentially complete reaction when

2500 micrograms or more of morin are present,
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In other similar experiménts, a precipitate formed in solutions con-
taining 80 micrograms of ThOs when the morin content was as low as 2000
micrograms; precipitation also occurred when the ThOs was reduced to 50
micrograms if the morin content was increased to 2800 micrograms or more.
.Accordingly, 2000 micrograms of morin was selected as the best pompromise,
because this amount gives practically complete reaction, and also insures

against precipitation for as much as 60 micrograms of ThOs.

Age of morin reagent solution.--Three solutions of morin reagent
which had been standing in the laboratory for Varying periods of time -
were tested to determine if the reagent deteriorates with age. Each of
the three reagents was used to prepare a standard blank containing 2 mg
of morin, and each was also used to prepare a solution of the complex
using 400 micrograms of morin plus 50 mg of ThOs. The absorbance values
at 410 m 4 for the solutions of blanks and complex as well as the age
of the morin reagent are presented in table 1. It will be seen that solu-
tions of morin in ethyl alcohol are essentially stable for at least 4
months under usual laboratory conditioms and that use of morin solutions
several months old will intrbdﬂce no gross errorse

Temperature.-~The effect of temperature on absorbance was checked
in an approximate mamner, as follows: 500 ml of a solution which con-
tained the equivalent of 15 micrograms of ThOs and 2.0 mg of morin per
50+ml was prepared and divided into two parts. One porti@n'was warmed
in hot water to about 40 C and the other portion was ceoled in ice
water to about 5 C. The temperature of these two solutions was then
allowed to come to equilibrium at room temperature. During the period
that the temperatuies were approaching equilibrium, portions of each

solution were removed periodically, the absorbance was measured, and
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Table l.-=Effect of age of morin reagent on absorbance

measurements,
Absorbance
‘ Morin Complex
Age of morin 2.0 mg/50 ml 400 micrograms morin
solution - solution plus 50 mg ThOz/50 ml
(5-cm cell) solution
(l-em cell)
1 day 0,235 --
% months 5235 G
4 months 242 e
% weeks e 0.492
3 1/2 months i ' 481
4 1/2 months - 481

the temperature of the solution recorded. The values for the absorbance
and the corresponding temperatures are shown in figure 6, It will be
noted that changes in temperature affect the absorbance readings some-
whats The effect however is small for such variations as generally
occur in room temperature over a period of a few hours., Nevertheless,
care must be used in comparing absorbances obtained on different days

or in different seasons of the year if there is a possibility that the

measurements were made at greatly different temperatures,
NATURE OF THE REACTION

Selection of the conditions for the color development was followed
by an investigation of the reaction to determine whether it is stoichio-
metric and to ascertain the number and composition of the complexes

which might be formed. .Sixteen sclutions were prepared; each contained
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600 micrograms of morin and an amount of thorium nitrate which ranged -
from 0 to 50.3 mg of equivalent ThOs. The absorbances of these solu-
tions were measured at different wavelengths and spectrophotometric
curves were prepared. The resulting family of curves are shown in
figure T.

The occurrence of an isobestic point (2) which is shown at a wave-
length of approximately 372 m/i , in figure T, indicates that only one
complex is formed; such a family of curves with an isobestic point is
very strong evidence that only two light-absorbing components, in this
case morin and complex, are present and in eguilibrium (9,10).

The changes which occur in the shape of the curves as the compo-
sition of the solutions vary again indicate that only one complex is
formed., Curve 1, (fig. 7) is the curve for pure morin, and the other
curves, in numerical order, are for solutions containing larger and
larger amounts of thorium. As the amount of thorium increases, more and
more complex was formed in the reaction represented by the equation.

x Thet + y MoH Z— ThyMy + yﬂ% (where M.H = morin)

Thus, with each additional increment of thorium, there was a corresponding
- decrease in the amount of free morin, which was revealed by the dimin-
ishing absorbance of the peak at 350 w/f . Simultaneous with the
diminution of this peak was the development of another peak at 410 m4 .
The second peak is'characteristic of the complex and the value of its
absorbance grew larger as the amount of complex increased. When the
thorium content reached about 7 mg of equivalent ThOp, further increases
up to 50,3 mg of ThO, resulted in less than a two percent increase in
the absorbance at 410 m4 .

This last point is demonstrated more clearly in figure 8 where the

absorbance readings at 410 m/4 were plotted ag a function of the thorium.
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concentration., In figure T, a single curve resulted from solutions 1k,
15, and 16 and this curve represents the absorbance spectrum-fgr the

pure complex.
DETERMINATION OF THE COMPOSITION OF THE COMPLEX

After establishing that only one complex is formed, the method of
continuous variations (6,12) was used to determine the composition of
the complex., Twenty-eight solutions were prepared, each contained
thorium and morin in different proportions; but in each solution, the
combined concentration of thorium and morin was always 3 X .i].('.)m6 moles,
The absorbances of these solutions were measured at three different wave-
lengthss and for each messurement, a value Y was calculated which was
equivalent to the difference between the measured sbsorbance and the
absorbance the solution would have had if there had been no reaction,
These values for Y, plotted as a function of the composition of the solu-
tions are given in figurse 9; a separate curve was prepared for each of
the three wavelengths. Job, and Vosburg and Cooper (6,12) have shown
that the value of Y at each wavelength is at a maximum when the greatest
amount of complex is formed, This occurs when the ratio of the molar
amounts of the two reactants is exactly equasl to their combining ratios.

All of the curves in figure 9 reach a peak at the same abscissa.
At this point the moles of morin are essentially twice as great as the
moles of thorium. The ratio of thorium to morin in the ecomplex is there-~

fore one to two, and an abbreviated formula for the complex may be



© & @
800
700
600 |
500 B 410 |my
.400:_ 395 <Cmu
300— °
s .200|— | ®
100
] .
-.100 |
-.200— 350/ my °
—lll‘lllllllllIllllllllllllllll
M 0 5 1.0 1.5 2.0 2.5 3.0M
Th 3.0 2.5 2.0 1.5 1.0 5 0 Th
MOLES PER 50 ML x 10°
COMPOSITION OF SOLUTIONS

Figure 9.--Determination of composition of the complex by the method of continuous variations.
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written as ThMs. A possible structure for this complex is

ol
OH WO
°© o)
HO l
o_vf]!‘ oH ’ )(2-
°
o ©H

oH

where X is a univalent negative ion such as C1  or NOs.

In addition to giving the mole ratio of thorium to morin in the
complex, the curves in figure 9 also substantiate the earlier con-
clusion that only one complex is formed, The curves for three different
wavelengths all show pesks at the same molar ratioj moreover, all of
the curves are smooth and continuous, no sec@ndary peaks appear, and
the curves are concave with respect to the abscissa., These character-
istics all indicate the formetion of a single complex (12).

The conclusion that the mole ratic of the thorium to morin in the
complex is omne to two was substantisted according to the slope ratie

| method (3) by absorbance measurements at 410 g on two series of solu-
tions, The first series contained ampunts of morin which ranged from O .
to iOOO micrograms and an excess of thorium (50 mg ThOp) which insured
complete reaction of the morin to form complex. The second series con-
tained amounts of ThOs, which ranged from O to 30 micrograms and an excess
of morin (2.0 mg) which was sufficient to insure essentially complete
reaction for the small amounts of thorium employed.

In figure 10 the absorbance and corresponding moles of morin per
liter for the first series of solutioms are shown in curve 1, whereas

the absorbance and corresponding moles of thorium per liter for the
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second series are shown in curve 2,

The slope of curve 1 is 2.092 x 104 and represents the rate of
change in the absorbance of the complex per mole of morin complexed.,
The slope of curve 2 is 4,105 x 10* and represents the rate of change
in the absorbance of the complex per mole of thorium complexed. But
absorbance is proportional to the moles of complex formed, therefore

Slope 1 _ 2,092 x 10* _ 1 __ AAbsorbance/mole of morin
Slope 2 4,105 x 104 = 1.96 A Absorbance/mole of thorium

4 moles of cemplex/mole of morin.
and A moles of complex/mole of thorium

_ L
2
thus substantiating the earlier conclusion.
The linear relationships shown in figure 10 indicate that light
absorption by the complex follows Beer's law:
-abe
P, = PolO o gaien - (1]
‘where P = transmitted radiant power
Py = incident radiant power

a = absorptivity or specific absorbance

¢ = absorptivity when c¢ is expressed in moles
per liter

b = internal cell length

Cc

It

concentration of complex

il

Thus, the absorbance, A = abc or €be espovn L&)

A/bc oo booe (3)

]

~ and the absorptivity, a
and 6==A/bc»when ¢ is expressed in moles per liter cunsen {38)

‘The molar absorptivity for the complex, , may be determined

€
ThMo

from curve 1 (fig. 10) which gives the change in absorbance of ‘the complex

per mole of morin complexed. However, as each mole of complex contains

two moles of morin, twice the slope of curve 1 gives the change in the
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absorbance of the complex per mole of complex, which is érThMé'
Equation (3a) was used to determine the absorptivity for morin
using the data from the curve in figure 11 which shows the absorbance

values for a series of pure morin solutions.

The absorptivity values at 410 nV{ are as follows:

For the complex For pure morin
€I%M2 = 4,184 x 10* liters/mole x cm 654=:5,767 x 10° x liter/mole x cm
- -3 2/ . ;
g, = 5-015 x 10 2 en” /microgram ay = 1.120 x 10 cm /microgram

DETERMINATION OF COMPONENTS OF ANY SOLUTION

AND CALCULATION OF EQUILIBRIUM CONSTANT

In any solution composed of several components which absorb light,
the total absorbance of the solution is equal to the sum of the indi-
vidual absorbances., In the morin-thorium system there are only two com-

ponents which absorb light, morin and the complex, ThMs.

If X = moles of complex per liter present
M = total moles of morin per liter added
Y = moles of uncombined morin per liter

Then the absorbance, A, of any given solution can be expressed as
A= Eyfo + fThM2Xb sseoso (1)

The morin originally added is distributed between the combined and

uncombined states, and each mole of complex contains two moles of

‘combined morin.

Thus, the total morin, M = Y + 2X PPV o1

and Y.s.M.- 2X x#naan-§0)



29

cutaou JO AqTATrdIOSqQy-=-°*TT oJINSTJ

43111 ¥3d NIYHOW 40 S3ITOWNW
-0l X
02l 00l 08 09 ov 02 0
_ I _ I T _ _ _ T i 0]
T “
—O0O0 I’
-
—00¢
loog

H1Vd LHOIMT WO 6 — 3J0NVEYO0S8V




Substituting in equation (4)

A :6 i ecooo0e
2 . (M - 2X) +€TthX (7)
and A - €
X = ‘b(é lay[b 2 2€.) s00606008 (8)
ThMs M

Using equation (8), the moles of complex per liter formed in any solu-
tion can be calculated; as can the amounts of uncombined morin and
thorium, These values may then be used to calculate the apparent equi-

librium constant for the reaction

Th'* + 2 M.E == ThMz" " + 28"

according to the equation

- (mMa') (5h)2
(Th™) (ME)2

Kequil o

In this study, the concentration of the hydrogen ion, (H), was constant
at (10“2) because a pH of 2,0 was maintained in all solutiomns,

The apparent equilibrium constants calculated from the data for four
sets of solutions are given in the appendix (tables 4, 5, 6, and T7); the
original concentrations of the morin and thorium and the absorbance values
for each solution are included in these tables., -Some of these data have
already been presented in other ways. TFor example, the absorbance
values and the thorium concentrations in table 4 were used preﬁously
to prepare figures T and 8, and the information ‘in table 6 was used to
prepare figure 9. Table 5 pertains to solutions which contained 50.3
micrograms of ThOp and amounts of morin which varied from O to 1000 micro-
grams per 50 ml, and table 7 pertains to solutions in which the morin,
thorium, and total molar content all varied. The meé.n apparent Keé,uiL

derived from these four sets of solutions was approximately 1 x lOeo
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EFFECT OF OTHER IONS

Zirconium, aluminum, ferric and ferrous iron ions, which were
considered as possible serious interferences because of their tendency
to form complexes with morin; calcium and lanthanum, which might be
useful as carriers in separations of thorium from other ioms; and also
uranium and lead were tested under the standard comnditions for their
reaction with morin. The sensitivity of the reactiom for each of these
substances with morin is given in table 2,

Table 2,~-Weight of various substences in 50 ml of solution

which are equivalent to an absorbance difference of

0.010 at 410 m/ when measurements are made
in a 5-cm cell,

Substaﬁ@e Micrograms equivalent to

0,01 absorbance
ThOz | T o9
Zr0z 0,79
Fez0s- 1.3
Alp04 15.6
Feo0s3 (in presence of 28.6
hydroxylamine )

U | 89.
Fb 500,
Lag0s 700.
Ca0 37 x 10°

The maximum absolute amounts of the interfering ions which may be

present in the final solution are determined by the amount of thorium
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present. Thus, if an accuracy of 90 percent or better is required in
~ the determination, the ratios of the interference to ThO, must be less
than the values in table 3.

Table 3.--Weight ratio of interfering substance to ThOp for
90 percent accuracy in determination of ThOs.

Substance/ThOE Ratio
Zr0z/ThOo 0.1/1
Al505/ThOs 2/1
Feg0s /ThOg* h/1
Laz0s/ThOp 102/1
Ca0/Th0z 5360/1

*In presence of hydroxylamine

Zirconium and aluminum are serious interferences and must be virtu-
ally absent when trace amounts of thorium are determined. Both of these
ions can be separated from thorium by meking repeated precipitations of
the thorium with hydrofluoric acid with use of a carrier. Interference
from ferric iron is serious also, but the effect is appreciably decreased
if the iron is reduced with hydroxylamine. As much as 400 mg of hydroxyla-
mine may be added to the solutions with little or no effect on the reaction
between thorium and morin; in fact, hydroxylamine is now added as a
standard practice to all solutions. The interference from relatively
large amounts of ealcium and lanthanum is negligible and these ions can,
therefore, be used as carriers in separations of thorium from other ions.

Because the separations necessary to remove zirconium from thorium would
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separate most of the other cations as well, no further studies were
made with other ions.
Having established the effect of various factors on the color of
the complex formed in the reaction between thorium and morin, the standard
procedure finally adopted for the preparation of solutions for the deter-

mination of thorium may now be given in detail.

DETATLED PROCEDURE FOR THE DETERMINATION OF THORIUM IN

PURE SOLUTIONS

The colored solutions are generally prepared in 50-ml glass-stoppered
graduates or volumetric flasks,
1, Add 1,0 ml of 0,63 N HC1 or HNOs.
2. Add the solution containing not more than 60 micrograms of ThOs.

and free from other ioms,

(The pH of thorium solution should be previously adjusted to 2.0)
3, Add 4 ml of 10 percent sblution of hydroxylamine hydrochloride.
Lk, Adjust volume to about 20 ml with water, and mix.
5. .Add 2.0 ml of morin reagent (0.1l0 percent in ethyl alcohol)e
6. Mix.
T Adjust volume to exactly 50 ml with distilled water.
-8, -Stopper and mix thoroughly.
9, After half an hour measure absorbance at 410 m /fo

A standard curve derived from known amounts of ThOs, in solutions
prepared according to the above procedure is given in figure 12, .The sensi-
tivity of the reactiomn; as obtained from this curve using Sandell's
criterion (8) of an absorbance difference of 0,001 as the limit of detection,

is 0.0070 microgram of Th0s per cm®, This means that 0.0014% microgram



ABSORBANCE —5CM LIGHT PATH

200

300

3L

.10

1.00

900

(0]
o
®)

lllllllllllllllTllllllIlll|||l

700

600

400

l'lllllllllllll‘r

.ZOQ“)—' L1 IIOI L1 JZIO‘ L |3|O| L I4IOI L1 I5|Ol L |6IOI L1

ThOZ_ MICROGRAMS PER 50 ML

Figure 12,--Standard curve. 70030



25
of ThOs per ml can be detected using a 5-cm light path.
CONCLUSIONS

It may be concluded that morin is a suitable reagent for the deter-
mination of trace amounts of thorium in pure solutions. As little as
about 0.2 microgram of ThOs in 50 ml can be determined. However, the
reaction can be adapted to the analysis of complex materials only after

suitable separations of thorium from other ions have been made.
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APPENDIX

Table 4,--Apparent equilibrium constant with the morin concentration

the same for all solutions (3.548 x 10
the concentration of thorium varying.

moles per liter) and

Components originally added

Hember izsiigagié Moles morin Moles thorium ﬁ;parent
l-cm cell per liter per liter equilibrium
1 0.020 3,548 x 107 0 -
2 .1k0 do. 0.3809 x 107" 0.4850 x 10°
3 238 do. 0.7617 x 10°° 0.4268 x 10°
L 0336 o, 1.170 x 1075 0.4831 x 10°
5 01 o, 1.523 x 107> 0.6072 x 108
6 A56 do. 1.90% x 107 0,694k x 10°
7 492 dos 2,285 x 107 0.7262 x 10°
8 540 do. 3,047 x 107° 0,78%7 x 10°
9 2575 do. 3,809 x 10 0.8921 x 10°
10 .6%8 doe 7,617 x 10 1,065 x 10°
1 .688 do. 15.235 x 10 ~ 2,114 x 10°
12 716 do. 30,470 x 10 - 5,747 x 10°
13 . 730 do. 60,939 x 10 25,641 x 10°
% ok - 116,99 x 1075 (omitted-from average)
15 THO do. 208,52 x 10 -
16 <740 do. 380,87 x 10 ° —a

Average

1.28 x 10°
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Table 5.-=Apparent equilibrium constant with the thorium concentration

the same for all solutions (0.3809 x 10 -

the concentration of morin varying,.

moles per liter) and

Absorbance

Components originally added

Number at 405 my Moles morin Moles thorium K A?p?re?t
5-cm cell per liter per liter equilibrium
1 0,006 0 -
2 .06k 0.177% x 10 | 0.3809 x 10 | 6.378 x 10°
3 127 3548 x 107° do. 3,425 x 10°
4 .187 25522 x 10 ° do. 2,27k x 10°
5 .246 7096 x 10 do. 1.934% x 108
6 321 Q6L x 10 do. 1,582 x 10°
7 .33 1,06k x 1072 do. 1.317 x 10°
8 376 1,183 x 10 ~ do. 1,238 x 10°
9 .386 1,301 x 10 doe 0.9930 x 10°
10 ko 1,537 x 10 do. 9506 x 10°
11 L72 177 x 10 ° do. 7215 x 10°
12 250k 2,010 x 10> do, 6173 x 10°
13 538 2,247 x 107° dos 5540 x 10°
1k 553 2,365 x 10> do. 5263 x 10°
15 2591 2,661 x 10 do. L4792 x 108
16 -691 2.957 x 10 do. 4228 x 10°
17 641 3,548 x 107 do. .2768 x 10°
18 .698 4,730 x 10 do. .1605 x 10°
19 . 782 5,913 x 10 do. 1379 x 10°
20 .860 7.096 x 10 do. 1322 x 108

Average

1.27 x 10°
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Table 6.,--Apparent equilibrium constant with the conecentration of

thorium and morin both varying continucusly.

Th + morin constant

°

Total moles

Components originally added
y— Azszigance Moles morin Moles thorium | Apparent

i—cm ce?f per liter per liter Kéquilibrium

1 0,023 - e ar e e .
2 »198 5,46 x 10 0.540 x 10 0,1969 x 10
3 ,240 5.32 x 107> 680 x 1072 2191 x 10°
L .282 5,18 x 10> .820 x 10°° 2415 x 10°
5 321 5,04 x 107> 960 x 10°° .2608 x 10°
6 +338 4,90 x 1075 1.10 x 1073 2237 x 10°
7 2396 4,76 x 1075 1.2 x 10°° 23549 x 10%
8 Lok 4,62 x 1075 1,38 x 1075 .3792 x 10°
9 51 4,48 x 1075 1.52 x 1073 L4281 x 10°
10 U735 ho3h x 1070 1,66 x 10> 660 x 10°
11 87 4,20 x 10 > 1.80 x 107> 5128 x 10°
12 489 4,06 x 107> 1.9% x 1072 »5023 x 107
13 501 4,00 x 107° 2,00 x 107° 5727 x 10
1k 0505 3,92 x 107> 2,08 x 1073 .6010 x 10°
15 497 3,78 x 1073 D22 x 1077 5814 x 10°
16 »500 3,64 x 10> 2,36 x310 " 6562 x 10°
17 o195 3.50 x 107> 2,50 x 107> .T057 x 10°
18 481 3,36 x 10 - 2,64 x 10 - 6863 x 10"
19 478 3,00 x 10 - 2,78 x 10> 8097 x 1o§
20 62 3,08 x 10 - 2,92 x 10 > .809L x 10
21 A3k 2,80 x 10 > 3,20 x 10 - .9285 x 107

22 120 2,66 x 10 > 3,34 x 107> | 1,042 x 10
23 402 2,52 x 10 - 3,48 x10™° | 1.089 x 10°
ol 323 1,96 x 107> L.ob x 10 100 x 102
25 «290 1.68 x 107> k32 x 100 | 2.390 x 10
26 197 1.12 x 10> 4,88 x 107> | 3.675 x 10
27 103 .56 x 107> 5.48 x 10 [11.820 x 10°

Average 1.22 x 10°%
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Table T.--Apparent equilibrium constant with the concentrations of
morin, thorium, and total moles Th + morin all varying continuously.

Components originally added

Number Azigrbance Moles morin Moles thorium K Ap?a?ent
o-om de1l per liter per liter equilibrium
1 0.039 5.60 x 10~ 0 --

2 . T30 5,46 x 10 " i 1,08 x 107" 0.2545 x 10°
5 .870 5.32 x 107> | 1.36 x 107> ; 2778 x 10°
i 1.000 5,18 x 107> 1.64 x 107° | 3234 x 10°
5 1.092 5,04 x 107" 1.92 x 107> 3460 x 10°
6 1,190 4,90 x 10~ 2,20 x 10 L4237 x 100
7 1,239 4,76 x 10 ° 2,48 x 10~ U525 x 10°
8 1.271 4,62 x 107" i 2,76 x 107° 4902 x 10°
9 1,294 4,48 x 107° 3,0k x 107> 54%5 x 10°
10 {1,280 | b3k x 10 f 3,32 x 10 5201 x 10°
11 E 1,279 5,20 x 100 . 3.60 x 10 5780 x 10°
12 1.272 | k.06 x 1070 E 3,88 x 107° g 6329 x 10°
13 1,268 . 4,00 x 1075 4,00 x 107° L6711 x 10°
1 1,249 3,92 x 10~ 4,16 x 10~ 6579 x 10°
15 | L.2a7 3.78 x 10°° b Mk x 107° 6623 x 10°
16 § 1.192 364 x10° | h72x10 .19k x 10°
% | s -5 x 6

17 R S , 3.50 x 10 : 5.00 x 10 ; 8403 x 10
18 1.125 % 3.36 x 10 - ; 5.28 x 107 L7937 x 10°
19 1,098 5,22 x 10 © | 5.56 x 10 9174 x 10°
20 1.061 | 3.08x10 3 5.8k x 10 ° | 1,004 x 10
21 g .965 g 2,80 x 107" f 6.40 x 107° .9615 x 10°
22 779 2.24 x 10~ é 7.52 x 10 1.056 x 10°
23 .610 1,68 x 1075 é 8.64 x 1075 2.045 x 10°
Average 0,699 x 10°
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