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INTRODUCTION



INTRODUCTION

The gravimetric methods for the determination of thallium have been
somevhat limited. The thallous chromate (6) or thallic oxide method (6)
have been used for accurats work; but the precipitation of thallous
iodide (6) has been used industrially because of its rapidity even though
the regults were not as ascurate, Thionalide (2), thioglycollic amino=-
naphthalide, is specific for thallium in the presence of sodium hydroxide
and potassium cyanide, The complex precipitate may be dried and weighed
or titrated iodometrically,

The field of wolumetric analysis has been explored by various work-
ers in an attempt to find a rapid and accurate method. Several methods
which depend upon a change in the oxidation state of thallium have been
proposed (5,8) . However, these methods have not proved entirely satis-
factory., In two recently published articles, Mehrotra (10,11) attempted
to solve the problem of an accurate volumetric method for thallium by
proposing the use of bromphenol blue as an adsorption indicator in the
precipitation of thallous iodide., On the basis of these two papers, it
wag decided to investigate the use of other indicators which might
function as adsorption indicators in the precipitation of thallium,

The experimental problem was arranged to give special emphasis to
the following: (1) sulfonphthalein indicators other than bromphenol blue,
(2) adsorption indicators listed by Fajans (13) as suitable for the

titration of Ag* and I” ions, (3) chrysoidin derivatives as proposed by



Schulek and co-workers (14,15), and (L) congo red, which had been pro-
posed by Mehrotra (12) as an adsorption indicator,

Fricke and Sammet (L) used sodium 2,6-dichlorobenzenoneindophencl
as an adsorption indicator in the titration of lead with chromate., Since
thalliun forms an inscluble chromate, the use of various sodium bensenone-
indophenol indicators was investigated as adsorption indicators in the
precipitation of thallous chromate, Sodium 2,6-dichlorobensenoneindophenol
was used successfully as an indicator in a wolumetric precipitation of
thallium, From the data obtained in these experiments, an accurate wvolu-

metric method for the determination of thallium was evolved,
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WALITATIVS STUDY

A, Adsorption Indicators

The qualitative study of the various adsorption indicators chosen
wag carried out as described below, A4 stock solution of thallous nitrate,
approximately O, OLN, was prepared by dissolving 53 g, of C.P, grais
thallous nitrate in 5 liters of redistilled water, The water, which was
used in the preparation of all stock solutions, was redistilled from a
Pyrex glass still,

A potassium iodide sclution, approximately O,0LN, was prepared by
dissolving 6.7 g. potassium iodide, C.,P, grade, in redistilled water and
diluting to ons liter,.

A potassium bromide sclution of similar strength was prepared by
dissolving 4.8 g, of C.P, grade potassium bromide in water and diluting
to one liter,

Aqueous solutions of each indicator were prepared whenever possible,
but in those cases where the indicator was not soluble in water, a 50%
ethyl alecohol solution was used. The concentration of each indicator
solution was 0.1 molar,

A sample of 20 ml, of stock thallous solution was titrated with
potassium iodide or potassium bromide in the presence of each indicator
listed in Table I, The direct and reverse tif.rationl were atteunpted;
The pH of the thallous solutions were adjusted to give the desired color
form of the indicator, All possible color forms of each indicator were
used, The results of these experiments are listed in Table I,
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The reaultg of these experiments were completely negative, In those
cases where a color change occurred, it was found to be unusable for

analytical application,

B. Sodium Benzenoneindophenol Derivatives

The qualitative experiments with sodium 2,6-dichlorobenzencneindo=
phenol were carried out in the manner described below,

A potassium chromate solution was prepared by dissolving 4.0 g. of
C.P., grade potassium chromate in water and diluting to one liter, The
ealculated concentration of the potassium chromate solution was approxi-
mately O.0LN,

A 0,2% solution of sodium 2,6~dichlorobenzenoneindophenol, which was
obtained from the Eastman Kodak Company, was prepared by dissolving 0.02
g. of the salt in 9.98 g. of water,

A sample of 20.0 ml, of stock thallous solution was pipetted into a
125 m1, Erlemmeyer flask. The sample was diluted to 30 ml, with redis-
t1lled water and 10 drops of the indicator solution was added. Upon the
addition of the indicator, the solution was purple. The pH of the solu=-
tion was lowsred by adding one drop of O.05N HNOy and the indicator
changed to a scarlet., The potassium chromate solution was added slowly
while the flask was swirled gently, A bright chrome yellow precipitate
of thallous chromate was formed, The flask was swirled vigorously during
the titreation in order to coagulate the precipitate., After the addition
of several milliliters of chromate solution, the flask was swirled
strongly for several seconds. The solution at this point had an orange

color when swirled. As the titration contimued, it was noted that a






green color appeared where each drop of chromate solution entered, but
disappeared upon mixing., As the end-point was approached, the entire
solution became greenish, but reverted to orange after vigorous shaking
for several secords, A% the end-point the entire solution became green
and remained green after vigorous swirling. The precipitate was allowed
%0 settle and the color of the supernatent 1liquid was observed. The
supernatant liquid was colored purple., When this point was reached,
standard potassium chromate was added a drop at a time., After the addi-
tion of each drop, the solution was swirled vigorously for 10 seconds.
The precipitate was allowed to settle and the color of the supernatant
liguid was again observed, The color of the supernatant liquid changed
sharply from purple % blue. The observed color change occurred exactly
as that described by Fricke and Sammet (L) in the titration of lead.

In view of the excellent color change which occurred when sodium
2,6-dichlorobenzenoneindophencl was used, several other substituted indo-
phenols were tried.

A 0,2% solution of each indophencl was prepared, The titrations
were carried out exactly as those for the sodium 2 ,6~dichlorobensenone-
indophenol, The results are summarised in Table II,

Sodium 2,6~dichlorobentenoneindophenol and sodium 2,6~dibromo-
bensenoneindophenol gave the best color changes when used as indicators
during the qualitative tests. Therefore, both indicators were carried

through the quantitative experiments.



TASLE II

SUMMARY OF R:SULTS WITH VARIOUS SUBSTITUTED INDOPHENOLS

No,

Indicator

Formula

Results

Na 2,6-dichlorobensenone~
indophenol

Na 2,6-dichlorobensenone~
3'msthylindophencl

Na 2,6-dichlorobenzenone-
3'chloroindophencl

Na 2 ,6~-dibromobenzenone-
indophenol

Na 2,6-dibromobentenone-
3'methylindophenol

Na 2,6-dibromobenzenone~
3'bromoindophenol

Na 2 ,6-dibromobenzenone=

2'methyl S'isopropylindo=

phenol

Na 2,6-dibromobenzenone-
3'methoxyindophenol

=i
NO & DN L= >0
c1

n.o“<:>¢-<:-:§;>- 0

n.obu-(i'c 5 .0

Cl

Br
=0
Br

NaO

Y 0ty € O

Br

n.obn-(i"f’i >e 0

Br
Na()@-n-<=—_3_/- 0
H}‘CB. r
CHg
CH,

—D
Nao /__ —N-< . ..5' 0
Br

The color change from
red to blue was sharp,
Further investigation
vag carried out

The color change from
burnt orange to blue
wag not as good as

No, 1, No further in-
vestigation was attempt-
ed,

The color change was
not as sharp as No, 1,
No further investiga-
tion was attempted,

The color change from
deep scarlet to blue
was very sharp. Fur-
ther investigation
wap carried out,

The color change from
1light orange to blue
was not as distinct
as No*s 1 and 4. No
further work was done,

Indicator change 1is
very poor due to ex-
tremely light colors,

No visible color change
occurred,

No visible color change
occurred




RELIMINARY QUANTITATIVE STUDY

A set of weights was calibrated against weights which had been
standardized by the National Bureau of Standards, A 20 ml, pipette, a
S ml. pipette, a 50 ml, burette, and a 10 ml, burette were calibrated at
20° C, in the usual manner.

The exact concentration of the thallous nitrate solution was deter-
mined gravimetrically by the chromate method (6), The procedure followss

A sample of 20,00 ml, of thallous nitrate stock solution was pipetted
into a LOO ml, beaker, The solution was diluted to 200 ml, with redis-
$illed water and 7 ml, of an smmonium hydroxide solution, which contained
two parts of concentrated smmonium hydroxide to one part of water, was
added, The solution was heated to 70-80° C, and 33 ml, of 10% potaasiu:;
chromate sclution was added slowly with stirring. Potassium chromate
vas added untdl the Cr0," concentration reached 2g./100 ml, solution,
The precipitate was allowed to stand twelve hours and then was filtered
through & Gooch erucible which had previously been prepared, dried at
120° C,, and weighed, The precipitate was washed with a 1% solution
of potassium chromate and then washed several times with a S0% metlyl
aleohol solution, The crucible and precipitate were dried for one hour
at 120° € ,-130° C, and weighed. The precipitate was weighed as T1,.r0,.
The results of these determinations are given in Table III, The concen=-
sration of the solution was taken as 189,7 mg, of thallium in 20,00 ml,

The chromate solution was standardired by comparison with a standard
potassium dichromate solution, The comparison was made by means of a

ferrous sulfate solution,






TABLE III
STANDARDIZATION OF 20,00 ML, OF STOCK THALLOUS NITRATE SOLUTION

Sample Thallous Chrorate Method
Number (Mg. T1, Found)

1 189.80

2 189.71

3 189.65

L 189,61

5 189.62

6 189.59

7 189.60

8 189.64

Averags 189.70
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A standard potassium dichromats svlution was prepared by wsighing
out 2,5%05 g, of National Bureaa of Standards Sampls #135, potassium
dichromate, which had been previcusly driad for two hours at 105° C, The
welghed potasesium dichromate was dissolved in 500 ml, of redistilled
water and then diluted to one liter at 20° C, in a volumetric flask which
had becn calibrated by the National Bureau of Standards, The standard

dichronate was calculated to be 0,0522L45N 4in the reaction listed below.
KoCr 309 +&8 350 +TH S0, —>Cra(S0,) 3 +3Fe3(S0,) 3 +K S0 +TH (1)

A ferrous sulfate solution was prepared by dissolving 10 g, of
ferrous ammonium sulfate in water containing 10 ml. of concentrated sul-
furic acid, The solution was diluted to one liter in a wolumetric flask
and was approximately 0.025 N,

The potassium chromate solution was standardized by somparison with
the standard potassium dichromate solution in the following manner (18)1

A LO,0 ml, sample of the ferrous sulfate solution was pipetted into
a 500 ml, Erlemmeyer flask. The acidity of the solution was aijusted by
adding 5 ml, of dilute sulfuric acid (1:1) and S ml, of dilute phosphoric
acid (1:1), The solution was diluted to 200 ml, and 0,3 ml, of 0,01
diphenylaninesulfonic acid was added as indicator, The ferrous solution
was titrated with the standard potassium dichromate solution,

An identical sample of the ferrous sulfate soluticn was measured into
& 500 ml, Erlemmeyer flask and treated as described above, However, this
sample was titrated with the potassium chromate solution of unknown con-
centration, Therefore, the concentration of the potassium chromate



solution was determined by titrating both the standard potassium di-
ehromate sclution and the potassium chromati sclution against equal
volumes of the ferrous sulfate solution,

The normality of the potassium chromate solution must be calculated

in terms of equation (2).
2T1NO, + x.c:-o.——ﬂl,gro,} + 2KNO, (2)

Simple calculations show that the normality of the potassium chromate
solution in terms of equation (2) is equal to two thirds of the normality
of the potassium chromate solution as determined experimentally on the
basis of equation (1).

The initial conditions, which were chosen, were those used by Fricke
and Sammet (L) in the determination of lead, A 20,00 ml, sample of the
standardized thallous nitrate solution, which contained 189.7 mg, T1**,
was pipetted into a 125 ml, Erlemmeyer flask, The sample was diluted to
30 ll.‘ and 10 drops of a0 .2% aqueous indicator solution were added, The
sample solution was purple after addition of the indicater, but by adding
i drops of 0,01N nitric lcid, the color of the solution changed to red,
The samples were titrated with standard potassium chromate solution,

The indicator changed color exactly as described previously under the
qualitative experiments. The quantitative results when using either
sodium 2,6-dichlorobenzenoneindophencl or sodium 2,6-dibromobenzenoneindo=
phenol were very poor, At this point, 1% was noticed that the end-point

could be shifted by varying the amount of nitric acid which was added at



the begimning of the titration, Thus i1t became essential to determine

the nature of the end-point,

Experiments to Determine the Nature of the End-point

Fricke and Sammet (L) stated that sodium 2,6-dichlorobenzenoneindo-
phenol acted simultanecusly as an adsorption indicator and a pH indicator
in their procedurs for determining lead. In view of the fact that the
amount of nitris asid added at the beginning of the titration caused the
indicator to changs color and the end-point to be shifted, it was decided
%o follow the pH of the solution during the entire reaction,

A Beclkman Model H-2 1ine operated pH meter, which employed a
saturated calomel electrods as a reference slectrode and a glass electrode
as an indicator electrode, was used., A mechanical stirrer was also used
%o obtain the necessary agitation,

The pH meter was standardiged by using & potassium acid phthalate
buffer, pH 4.0 (3), prepared by dissolving 10,212 g. of reagent grade
potassium acid phthalate in 600 ml, of water and diluting to one liter
in a wlumetric flask,

The sample solutions were prepared by measuring L0.00 mls, of
standard thallous solution into a 250 ml, beaker and diluting to 0.0 ml,
The initial pH of each solution was adjusted with 0,01N nitric acid and
0,018 ammonium hydroxide., No indicator was added during these titrations.
The pH values vs, ml, of standard potassium chromate are plotted in
@raph 1.
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Graph 1 showed a definite pH change occurring during the titration,
It also showed that the point of color change for a pH indicator could
be shifted by varying the initial pi of the suiution, Thus the amcunt
of standard chrcmats necessary to cause a sharp chanuge in the pH of the
solution was dependent upon the initial pd of the solution.

Similar gurves were developsd for titrations in which the indicator
was present, These titrations were carried out in the same manner as
those dascribed above except that 1 drops of a 0,2% indicator solution
were added, Both indicatora, sodium 2,6~dichlorobenzenoneindophencl
and sodium 2,6~dibromobenzenoneindcphenol, change color from red to hlue
at a pi of 5.7. On the basis of Graph 1, an initial pH of 3.8 was closen
because the pi at which the indicators change color was located approxi-
mately at the equivalence point on ths curve with an initial pH of
3.8, The results of these titrations are plotted on Graph 2.

Graph 2 showed that the pH curve of the titration was unchanged in
the presence of either indicator, It also showed that the indicator
might be functioning only as a pH indicator, Theéefore a titration was
made upon 30,00 ml, of redistilled watsr containing an amount of potassium
nitrate equivalens to that formed during the titration of 189.7 mg. of
thallous ion, Titrations were carried out in the absence of either
indicator and also in the presence of 2 dropi of a 0,2% solution of
sodium 2,6-dichlorobenzenoneindophencl or 2 drops of a 0,2% solution
of sodium 2,6-dibromobenzenoneindophenol, Both indicators changsd from
red to blue exactly as when thallium was present., The results of these

tiirations are plotted in Graph 3,
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TITRATION OF 30.00 ML. OF PURE WATER WITH O00435N K,Cr O,

CURVE NQ.I NO INDICATOR PRESENT @
CURVE NO.2 2 DROPS 0.2% SOLN.Na 2,6-DICHLOROBENZENONEINDO-
PHENOL X

7.0

6.5-

oy 6.0- \

5.5.
X

5.0-

4.5 \+

».o...\,..\.\T

35— 71T 2 3 4 5 6 7 8 9§ 10

DROPS 0.0435N K; Cr O,4



17

The pH of the 0.0L35N poiassium dichromate solution was 8,10, Tiis
was due to the hydrolysis of the potassium chromate according to equations
(3) and (L),

KLr0, + Hy0 —=EHCro,” + OH™ + 2K* (3)
ECr0~ + H0=—=E_Cr0, + CH" (L)

Several titrations were made in which tho pii of the chromate solution
was varied by the addition of nitric acid or potassium hydroxide, The pH
curves of these titrations varied greatly from those in which the pH of
the chromate solution was a function only of the eoncentration, These
curves are repmdﬁced in Graph L., In the case of the acidified chromate
solution, the precipitate formsed during the titration was orange instead
of yellow, However, when potassium hydroxide was added to the chromate
solution, the pH of the sample increased steadily. IS was obvious, that
in both instances, a marked variation from the other curves had occurred,

In summary, any theory in regards %o the nature of the on;i-point
must take into consideration the followingt (1) The pH of the solution
remained fairly constant until the equivalence point was approached,

(2) The eclor change of the indicator was independent of the presence of
thallium and was dependent upon the pH of the solution. (3) The amount
of standard chromate which must be added to cause the color changs of
the indicator was dependent upon the amount of thallium and the initial
pH of the solution, (kL) The addition of acid or base to the standard
chromate solution caused wide variations in the subsequent pH curves.



GRAPH NO. 4
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The above mentioned experimental facts can be explained by consider-
ing that the color change of the indicator was due to & changs in pH
ocaused by hydrolysis of the excess potassium chromate, The nearly con-
stant pli of the solution prior to the color change was caused by the
removal of essentially all chromate ion from solution,

In order to verify the above statements, a single drop of 0,0L35N
potassium chromate was added to 15 ml, of stock thallous nitrate solution
eontaining 23.7 mg, of thallium, A precipitate of ysllow thallous
ehrorate was formed and did no$ dissolve upon standing for five hours,
The formation of the precipitate was considered likely even though the
solubility product were nots exseeded, However, calculation of the
solubility product from the solubility of thallous chromate given in the
literature (16), subsequently showed that the solubility product of
thallous chromats was exceeded, The required calculations are reproduced
below,

The solubility of TlgCrO, given was 0,0427 g. T1LCr0, per liter of
saturated solution, Therefore the molar concentration was 8.1k x 107°,

Ky p. = [T1**)8, [Cro,")

T10r0,

Ksp = [16.3 x 107°)* , [8.14 x 107%]
TT1Lr0,

Kg.p. = 1,75 x 107"

T1,£1r0,

Fifteen milliliters of solution contained 23.7 mg., of thallium or
7.7 x 10™® millimoles/ml.



From the solubility product of thallous chromate calculated above,
the soncentration of chromate ion necessary to cause precipitation was
calculated as shown below,

(7.7x10°3]3 , [Cr0,"] = 1,75 x 107*?

[CrO "] = 2.95 x 107® millimoles/ml,

Neglecting the small change in volume, the molar concentration of
chromate ion was calculated when one drop of 0,0L35N potassium chromate
was added to 15 ml, of solutionm,

1 drop = 0,05 ml,
ml, x N . milliequivalents of KLrO,

"“"I?" ml,

1 milliequivalent KCrO = 1/2 millimoles Cr0,~

Therefore the concentration is 7.25 x 10 ® millimoles of Crl "/ml

According to the above calculation, the solubility product of
thallous chromate was exceedsd by the addition of one drop of 0,0L35N
potassium chromate solution to 15 ml, of a thallous nitrate solution
which contained 23.7 mg. of thallium, These calculations substantiate
the theory that in the initial phase ot‘ the titration, essentially all
chromate was effectively removed from solution by the formation of thallous

chromate according %o the reaction below,

2T1NOy + Ko Cr0Og4 I1Lr0q + 2KNOy
The potagsium nitrate, which was the other product formed, did not
affect the pH of the solution., Thus, the increase in pH at the equivalence
point was caused by the hydrolysis of potassium or thallous chromate,



2l

Note should be made at this point that during further experimenta-
tion, it was found that some adsorption of the indicator probably
ooccurred, In attempting to establish optimum conditions for carrying
out the titration, attempts were made to match the blus color in the
supernatant 1liquid with a color blank, The color blank was prepared by
adding the indicator being used to a buffer solution with a pH of 5.7.
The buffer was composed of potassium acid phthalate and sodium hydroxide
in Quantities which were specified by Clark (3). The volume of buffer
solution was approximately that of the sample after titration and identi-
cal amounts of indicator were used in each instance, However, it was
noted that the color blank was more highly colored than the supernatant
1iquid of the sample after titration, It was assumed from this data
that some adsorption of the indicator had occurred, However, when
thallous chromate was filtered from a sample which had been previously
titrated in the presence of indicator, no difference in color was noted
when compared with thallous chromate which was precipitated in the abe
sence of indicator, This fact may be due to the large amount of bright
yellow thallous chromate and the small amount of indicator which was

probably adsorbed.



QUANTITATIVE METHODS
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QUANTITATIV: MATHODS

After establishing the color changs of sodium 2,6-dichloruvbenzenona-
indophenol and sodiuin 2,6-dibromchenzenoneindcphencl to be that of a pi
indicator, 1t was necessary to decterine the initial pl ef the sclution
which was required in order that the indicator change color at the
equivalence point, From Graph 1 aud Graph 2, it was apparent that the
initial pH should be somewnere betwaen 3,7 and 4.2, It was also desirable
at this point to determine the amount of indicator which must be adced
to obtain the sharpest eni-point. Since the indicator usec was ths
sodium salt of & weak acid, it had basic propertiies upon hydrolysis,
Therefore, if 1t were added at any point in the titration, the pH of the
solution would be affected, By experimentation, it was found that the
addition of two drops of a 0,2% aqueous solution of the indicator to 30,00
ml, of solution was sufficient to give a good color change,

Titrations were carried out in which the initial pH of the solution
was varied between 3.7 and 4,2, The initial pH was adjusted by using
0,014 and O 1N nitric acid and ammonium hydroxide solutions in conjunction
with the Beckman Modal H-2 pH meter which was standardized as described
previously, It was found that if 30,00 ml, of thallous nitrate solution
was adjusted to a pH of 3.85 t0 3.90 and two drops of & 0,27 indicator
solution added, the color change could be used to establish the equiva-
lence point, Attempts were mads to titrate the solution to a color blank
which has been described previously, but 1% was found more satisfactory to

titrate to a pure blue color in the aupefnat ant liguid,
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In order to make the method more widely applicable, it was con-
sidered desirable to adjust the original pH of the solution by means
of a second indicator, Methyl orange was ohosen because it changed
color at the desired pHi and also becauss the yellow coler of the basic
form would not interfere with the color change of the indophenol, It
wag determined that two drops of a solutiom containing 0.2 g, of the
scdium salt of methyl orange per liter was sufficient. The color was
matched with a freshly prepared blank which was made by adding two drops
of the methyl orangs solution to 30.00 ml, of & solution which was
buffered to a pH of 3.85-3.90. The 3.85 buffer was prepared in the
following manner (3). A 0.1 molar solution of potassium acid phthalate
was prepared by dissolving 20,42 g. of C,P, anhydrous potassium acid
phthalate in redistilled water and diluting to one liter, An HC1l selu-
tion which was standardized in the usual manner was also used. The
buffer was prepared by mixing 50 ml, of the 0.1 molar potassium acid
phthalate solution with 0.233 milliequivalents of HC1l. The solution
wag then diluted to 100 ml,

From the abeve data, conditions were tenutinly‘ establighed for
carrying out the titration in order to determine the effective concentra-
tion range of thallium over which the method would work. Titrations
were made with varying amounts of thallium present and it was found that
the concentration of the thallium must be taken into consideration, The
smount of thallium present nid‘not affect the action of the indicator;
but, if the concentration of thallium was too low, the precipitated
thallous shromate did mot coagulate and the end-point was obscured.
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Thus the initial volume of soluticn to be titrated must be rezulated,

This was also true of the amount of indophenol indicator added. It was
found that if the thallium concentration wers 94 to 190 mg, an initial
volume of 30 ml.and two drops of the indophenol indicator was satisfactory.
However, if the amount of thallium being titrated were 23 to S mg., the
initial volume should be 15 ml, and one drop of the indophenol indicator
should be used, The limits given above in regards to initial volume

are not highly critical, but must be obsarved within reason.

It was found that 1% was not necessary to reduce the two drops of
methyl orange to ons drop when titrating only 15 ml, of solution, The
yellow color of the basic form of methyl orange did not interfere even
vhan two drops were used in adjusting the initial pH of 15 ml, cof thallous
solution,

During these experiments, the use of sodium 2,6-dibromobenzenoneindo-
phenol was unsatisfactory., The failure of this indicator was apparently
due to adsorption of the indicator by the precipitate, Thus at the
equivalence point, very little indicator was left in solution and the
color change was poor. Therefors all further work employed only sodium
2 ,6-dichlorobenzenoneindophencl as indicator,

The use of a pH meter to adjust the initial pH of the soclution was
also investigated, The initial pH of the solution was adjusted by means
of & Beckman Model G pH meter which was standardized in the same manner
as described previously for the Beckman Model H-2 pH meter, Although
experimental results show that a pH meter may be used successfully, some

difficulty was encountered in keeping the wolume of solution within set



TABLZ IV

TITRATIONS TO DEZT:ERMINE EXPERIMENTAL CONDITIONS
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Titration Mg Tl Mls.of Dropsof Dropscof MgTl Error
Number Present Soln, M,0, Indophenol Cale, pp/i000
1 189.7 30 2 2 189,11  -2.5

2 189.7 30 2 2 189.29  -1.5

3 189.7 k) 2 2 189.38 -1.0

L 9L .85 30 2 2 9k .69 -1.0

5 oL .85 30 2 2 95.13 +3.3

6 94.85 30 2 2 9k L2 -3.8

7 L7.k2 30 2 e k7.7 +5.0

8 L7.L2 30 2 2 k7.9 +10.0

9 L7.42 30 2 2 L6k «20.0

10 L7.42 15 2 2 k7.2 -4.0
11 L7 k2 15 2 2 L7.6 +3.0
12 L7 L2 15 2 1 L7.k4 0.0
13 L7 .h2 15 2 1 L7.4 0.0
1} 3.1 15 2 1 23,k <150
15 23.711 15 2 1l 23.7 0.0
16 23.11 15 2 1 3.k =150
17 9L .85 15 2 1 94.70 2.0
18 94 .85 15 P 1 9L.39 «5.0
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limits due to the quantitative transfers between the titrating flask
and the pH meter, and the necessity of rinsing the electrodes. The
results are tabulated in Table V,

The final conditions for carrying out the volumetric determination
of thallium by precipitation of thallous chromate wers established to be

as follows,

A, Titration of 94 to 190 mg, of thallium,

The sample containing the thallium in the thallous state was placed
in a 125 ml, Erlemmeyer flask, The total volume of the sclution was
adjusted to approximately 30 ml, and two drops of methyl orange solution,
0.2 g. of the sodium salt per liter, were added, The pH of the thallous
solution was adjusted to 3.85-3,90 by using O,1N and O ,OIN solutions of
nitric acid and ssmonium hydroxide. The color of the solution was matched
with a color blank which was prepared weekly by adding two drops of
methyl orange to 30.00 ml, of the 3.85-3.90 buffer previously discussed.
After adjusting the initial pH as described sbove, 2 drops of a 0.2%
aqueous solution of sodium 2,6-dichlorobenzenoneindophenol were added.

A% this point thé solution was scarlet, Standard potassium chromate was
added slowly while the flask was rotated vigorously. The bright yellow
thallous chromate procipitatod causing the suspension to have an orangs
color. The flask was rotated contimially during the titration to coagulate
the thallous chromate, After ths addition of several milliliters of
potassium chromate, the titration was stopped and the flask swirled for
about 60 seconds, AN the end-point, the thallous chromate should be
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TABLE V

TITRATIONS OF VAKYING AMOUNTS OF THALLIUX, INITIAL pH ADJUSTED
TO 3.85-3.90 BY BECKMAN MODKL G pH METER

Titration M, Kg T Mz Tl Error
Number Solution Presant Calculated pp/1000

1l 30 169.70 189.4 1.5

2 30 183.70 189.3 -2.0
3 30 183.70 189.3 -2.0

L 30 169.70 189.5 -1.0

5 30 189,70 189.4 =1.5

6 30 9L.85 9L.51 -2.5

1 30 9L.85 9L .2 -3.5

8 3 544,85 9% .33 L5
9 30 9L .85 9L.33 ‘L“%
10 30 9L .85 94.33 -4.5
1 15 L7.L2 L7.3 -2.0
12 15 L7 .42 L7.2 -4.0
1) 15 u7.h2 k7.3 =2.0
1k 15 L7.L2 L7.1 =5.0
15 15 23.711 23.4 «6.0
16 15 23.11 23.6 -5.0
17 15 23.711 23.3 -8.0
18 15 23.711 23.2 -13.,0
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almost completely coagulated, Near the end-point a green color appeared
where each drop of chromate entered, but disappeared upon mixing, Upon
further addition of potassium chromate, the entire sclution became green-
ish, but reverted to orange upon shaking for several seconds. At the end-
point, the suspension remained green when it was swirled vigorously. The
solution was allowed to stand for several seconds. The ysllow precipitate
settled and the color of the supernatant liguid was observed. The end-
point was reached when the supernatant liquid exhibited a true blue color,
If a purple color existed, the end-point had not bsen reachsd and if a

green color existed, the end-point had been overstepped.

B, Titration of 23 to N mg. of thallium,

The titration was carried out in exactly the same manner as above,
exsept that the initial volume was 15 ml. and one drop of she indophencl
indicator was used, A 15 ml, methyl orange eolor blank was also used,
but two drops of methyl orange solution were added,

The results of the titrations carried out according to the above

procedures are summariszed in Tables VI and VII,



TABLE VI

TITRATION OF VARIOUS AMOUNTS OF THALLIUM WITH POTASSIUM CHROMATE

USING Na 2,6-DICHLOROBENZENONEINDOPHENOL AS INDICATOR

Titration Ml. M1, K. Mﬁ Tl Error
Number Soln, KCrO, K. CrO, ~Present Found pp/1000

1 30 21.26 0.04350 189,70 189.0 =3.5
2 30 21.28 0.0L350 189.70 189.2 -2.5
3 30 21.35  ©C.CL350 189.70 189.8 0.5
4 30 21.27 0.0L350 189.70 189.1 -3.0
5 30 21,29 0.0L350 189.70 189.3 ~2.0
6 30 21,30 0,04350  189.70 189.4 -1.5
7 30 21,32 0 04350 189.70 189.6 «0.5
8 30 21,27 0.,0L350 189,70 189.1 -3.0
9 30 21,29 0.04350 189.70 189.3 «2.0
10 30 21.30 0.0L350 189.70 189.4 -1.5
11 30 10.61 0.04350 9k .85 94.33 -6,0
12 30 10,61  0,04350 9L .85 94.33 -6.0
13 30 10,70 0.04350 94.85 95.13 +3.0
1 30 10,68 0,043 9k .85 9L.95 +1.0
15 30 10.65 0.,04350 94.85 9L.69 «2.0
17 30 10,66 0.,0L350 94.85 94.78 0.5
18 30 10.65  0.0L4350 94.85 9L.69 2.0
19 30 10.70 0.0L4350 94 .85 95.13 +3.0
20 30 10,62 00,0435 94,85 9k L2 4.5
22 15 5.26 0,04350 L7 .k2 L6.8 =12.0
25 15 5 031 o oohBSO h? ohz h? 02 'h oo
26 15 5.28  0.04350 L7 k2 L7.0 -8.0
27 15 5.30 0.0L3%0 L7 L2 L7 -6.0
28 15 $.33 0.0L350 L7.L2 L7.4 0.0
29 15 s.3L  0,0L4350 L7 .k2 k7.4 0.0
30 15 2.66 0.0L350 23.71 23.7 0.0
3l 15 2.59 0.04L4350 23.71 23.0 -35.0
32 15 2,64 00L350 23.71 23.6 -5.0
3 15 2,64, 0,04350 3.1 23.6 -5.0
3L 15 2.63 0.,04350 23.71 23.4 «15.0
35 15 2.64 0.0L4350 23.71 23.6 -5.0
36 15 2.65 0,0L4350 23.71 23.7 0.0
kY4 15 2.63 0.0L4350 23.711 23.4 «15.0
38 15 2.66 0.04350 23.71 23.7 0,0
39 15 2.63 0.0L350 23.71 3.4 «15.0




TABLE VII
SUMMARY OF TITRATIONS WITH Na 2,6-DICHLOROBENZ ENONEINDOPHENOL

Number of Mg Thallium Av, Error Max, Dev,
Titrations “Present Tound pp/1000 pp/1000

10 189.7 189.30 -2 k.o

10 94 .85 oL . L7 -l 8.5

9 L7 .42 L7.21 -4 12,0

8 (omis #22) L7.L2 L7.31 -3 8.0

10 23.71 23.5 =10 35.0

9 (omit #31) 23.71 23.6 -8 15.0
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THE EFFICT OF FOREIGN SALTS

The effect of foreign salts upon the titration was investigated,
Titrations were carried out with the addition of varying amounts of
foreign salts, which were most likely to be present, The pH of each ti-
tration was adjusted vo pH 3,85-3.90 after the addition of the foreign
salt but prior to the titration, The results of these titrations are
given in Table VIII,

The addition of sodium or smmonium niirate did nmot at'fect the detere
mination, On the other hand, the amount of sulfate present affected the
end-point, The presence of a large sulfate concentration caused high
results. The addition of even a mmall amount of phosphate or acetate
caused very high results, These high results were probably due to the
" buffering sction of the phosphate and acetats ions, The results obtained
in the presence of 500 mg, of perchloric acid were excellent. Thus
perchlorisc acid in large amounts does not interfere, However, the addi-
tion of even a small amount of potassium fluoride decolorized the indi=

cator completely,



THE EFFECT OF FOREIGN SALTS UPON THE TITRATION

TABLE VIII

Salt Mg Mls, Mz, Tl Error

Added Added Soln, Present Calculated pp/1000
NagS0O4 100 30 189.7 183.9 +1.0
Nay50, 200 30 137.7 191.,7 +10,0
Na;30, 500 30 169.7 193.2 +18.0
(mu; 204 100 30 189.7 189.9 +1.0
(NH ) 390, 200 30 1869.7 1%0.,7 +5.0
NaNOg 100 30 189.7 189.9 +1.0
NaNO 200 30 189.7 189.5 «1.0
NaNOy 500 30 189.7 189,2 «2.5
NH NO, 100 3 189.7 189.8 +0.5
NH N0, 200 30 163.7 189.6 -0.5
NH NOg 500 30 169.7 189.2 -2.5
...Po‘ 10 30 189 07 1” .5 "’h oo
Na PO, 20 30 189.7 193.k +18.5
H.QPO‘ ;) 30 189 07 197 I6 ‘39 .5
RaC H 0 4 10 30 189.7 191.1 +6.5
N C1O04 585 30 189.7 189.8 40,5
r 100 X 189.,7 decolerized indicator

completely
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INTERF EICNCES

Several different interferences were noted during the experimental
work and the litsrature survey, Oue of the most troublesome inter-
ferences is iron, Iron is commonly fcund with thallium and constitutes
an interference when present in either tha ferrous or ferric state,
Titrations wers made in which ferrous iron was added as ferrous ammonium
sulfate., The initial pH was adjusted sfter the ferrous iron was intro-
duced. The results of these titrations were high and the precision was
very pocr, The results are reproduced ia Table IX,

In order to study the interference of iron in the ferric state, one
milliliter of & ferric nitrate solution, which contained one milligram of
iron per .millilitar, vas added to several samples of thallous nitrate.
During the subsequent determination, ferric hydroxide precipitated, The
freshly precipitated hydroxide immediately removed all indicator from
solution, Apparently the removal of the indicator by the ferric hydroxids
was due to adsorption, It might be expected that aluminium and chromium
(III) would act in a similar manner,

The buffering effect of phosphate and acetate has been mentioned
previously, Therefore it was assumed that arny ion which will establish
a buffered system similar to that established by phosphate and acetate
would constitute ion interference, Mention has also been made that sul-
fate ion acts as an interference,

Several cations and anions are obvious interferences, Thallous iodide

and bromide were precipitated in the initial phase of this work and thallous



TITRATION IN THE PRESENCE OF FERROUS IRON
b

TABLE IX

34

I

Titration Mg, Fe*? Mg T1 Error
Number Added “Present Found pp/1000
1l 10 189.7 194.3 +23.0
2 10 189.7 192.8 +15.5
3 10 189.7 193.7 +20.,0
L 10 189.7 193.9 +21.0
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chloride is insoluble, Therefore, C1*, Br~ and I” would constitute
interferences. The commonly used hydrogen sulfide qualitative scheme
employs the precipitation of lead chromate and barium chromate as con-
firmatory tests while insoluble silver chromate is used as an indicator
in the Mohr method for the determination of chloride ion, Therefore it
is readily apparent that bariuws, lead and silver constitute interferences

in this method,



COMPARISON WITH MEHROTRA'S METHOD
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CCMPARISON WITH MEHROTRA'S METHOD

Mehrotra (10,11) proposed the determination of thallium by precipi-
tation of thallous iodide using bromphenol blue as an adsorption indicator,
Since this research problem was initially based upon Mehrotra's work, a
comparison between the two methods was desirable, The comparison was
carried out in the following manner,

A standard KI solution was prepared by dissolving 8.35 g. of C.P.
potassium iodide in redistilled water and diluting to one liter, The
solution was standardized (7) by measuring 20,00 ml, of the potassium
iodide into & 100 ml, beaker, The solution was diluted to 200 ml, and
made alkaline by the addition of a dilute ammonium hydroxide solution
which was prepared from 2 part of concentrated ammonium hydroxide and one
part wvater, Silver nitrate, 0,05N, was added slowly with stirring until
the precipitation was complete, The precipisation was carried out in
diffuse light, Nitric acid was added in 1% by volume excess, The pre-
cipitate was filtered and washed with 1% by volume nitric acid, The final
washing was made with water %o remove all nitrisc acid, Water was sparingly
used because it tended to render the iodide colloidal, The precipitate
was dried at 100-110° C, for one hour and then at 130-150° C, for one hour,
The results of the standardization are given in Table X,

Mehrotra stated that the end-point was reversible, but that it was
much sharper if iodide ion vas titrated with a standard thallous solution.
Titrations were attempted in both directions, but in titrating thallous ion
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TABLE X
STANDARDIZATION OF POTASSIUM IODIDE SOLUTION

Saxple Mg of KI Normality of
Number Mg Agl per 20,00 m1, KI Solution
1 294.L 208.1 0,06267
2 254.5 208,2 0.06273
3 29L.3 208.1 0.06267
b 295.3 208.8 0.06286

Average of Nos, 1,2 and 3 = 0,06269
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with potassium iodide, the end-point was so very poor that it was unusable,
However, in titrating iodide ion with thallous nitrate a fair end-point
was found, The titrations were carried out by pipeting varying amounts
of standardized potassium fodide sclution into a 125 ml, flask and adding
lk drops of 0,18 alcoholic solution of bromphenol blue, The pH of the
solution was 5.0, The tom volume of the solution was adjusted to 3.0
ml, with distilled water, Standard thallous nitrate solution was added
with vigorous agitation, The titration was continued until the precipi-
tate turned a dark green, The titration had to be carried out in very
diffuse light because strong light turns the precipitated thallous iodide
from & yellow to a green color, The results of these titrations are given
in Table X, |

In comparing methods, the following facts should be taken into con-
sideration, The proposed chromate method is a direct titration of thallium
while the Mehrotra method involves a reverse titration, The standardisa-
tion of the chromate solution was carried out volumetrically while the
standardization of the potassium iodide soclution was done gravimetrically,
However, the iodide solution might have been standardiged volumetrically
using an adsorption indicator as proposed by Fajans (13). The end-point
of the ghromate method was sharper and clearer than that' of the Mehrotra
method, In view of the above cited facts, it is believed that ths proposed
chromate method is superior to the Mehrotra method,



TABLE XI

DETSRMINATION OF THALLIUM BY MTHROTRA METHOD |
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—_— S
Nambor KT Soln, KL . 11 Soin, FrssentFoml ppan00
1 20,0 30 1,254 27.08  256.,3 256,7 +
2 20.0 30 1.254 2713 2%6.3 25711+
3 20,0 X 1,254 27,08  256,3 2571 +2
L 10,0 30 0.6269 13.60 - 128.2 128.8 46
5 10,0 X 0.6269 13,58  128.2 128.6 i
6 10,0 30 0.,6269 13.63 128.,2 129,3 +11
7 5.0 k¢ 0,3135 6.84 6.1 65.8 +28
8 5.0 30 0.3135 6.85 6,1 66,0 +32
9 5.0 X 0,3135 6.82 6.1 65.0 415
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METHYL RID AS A POSSICLE INDICATOR

Methyl red was tried as an indicator because of the relative un-
availability of sodium 2,6-dichlorobenzenoneindophenol and because it
changed color over the desired pH rangs. Several titrations ware made
upon 20 ml, of standard thallous nitrate solution which was diluted to
30 ml, The solution contained 189,7 mg., of thallium, The pH of the eolu=
tion was adjusted to 3.85-3.90 with methyl orange in the same mannsr as
described previously, Four drops of a prepared methyl red solution were
added. Standard potassium chromate was added with vigorous swirling as
described under the directions for carrying out the titration usingz sodium
2 ,6=dichlorobensenoneindophencl, A color change in the supernataant liquid
from red to yellow took place, The color change was fairly sharp,
However, some of the methyl red underwent adsorption becauss the pre-
cipitated yellow thallous chromate had no orange cast, This caused the
suspension to appear orange upon swirling, but if the precipitate was
allowed to settle, the supsrnatant liquid underwent a fairly sharp color
change from red to ysllow,

The quantitative results of this experiment were extremely poor,
Howevar, if the proper experimental conditions wsre determined, the methyl
red color changs probably could be used to mark the equivalence point in
the presipitation of thallous ion with potagsium chromate,



SEPARATICN OF THALLIUM



SEPARATICN OF T:ALLIUM

Wada (17) proposed that thallic bromide coulc be ssparated from the
salts of all other metals except gold by shaking & hydrobromic acid
solution with ether, McBryde and Yoe (9) ussd the ether extraction from
hydrobromic acid to separats gold, According to McSryde and Yoe tlse
psrcent of extraction of iron was dependent upon the approximate mclarity
of the hydrobromic acid and the ether used, The smallest amount of iron
was removed if the molarity of tue hydrobromic acid was maintained at
2-2.5 molar and isopropyl ether was usad,

In view of the two papers cited sbhove, an attempt was mide to
separate thallium from iron by extraction with isopropyl ether,

Eastman Kodak technical grade isopropyl ether was purified in the
following manner, The ether was shaksn in a largs separatory funnel with
acidified ferrous ammonium sulfate solution to remove thes peroxides which
might be present in the ether, The ether layer was separated and stored
over sodium to remove all alcohols and water, After drying for several
days, the ether was redistilled from copper turnings and placed in a dry
bottle whoss stopper contained a calcium chloride tube filled with anhye
drous magnesium perchlorats,

The following procedures were used in attempting to separate thallium

from iron by extraction with isopropyl ether,.

A, With continuous extraction apparatus,
A continuous extraction apparatus as desoribed by Ashley and Murry (1)



-
(A%

was used, A 5 ml, sample of stock thallous nitrate solution which con=
tained 47.41 mg, of thallium, and 1 ml, of a ferric nitrate solution
which contained 10 mg. of iron ware placed in the apparatus, Bromine
water was added in excess to oxidize the thallium from the thallous to
the thallic state, The molarity of tha sgolution with respact to lydro-
bromic acid was adjusted by the addition of 18.5 ml, of 3k£ H3r. 7Tha
solution was diluted to 50 ml, Th3 isopropyl ether was added and the
extraction carried out for eight hours,

After extraction, the ether solution was evaporated on a steam bath
to S ml, and transferred to0 a SO ml, Erlemmeyer flask, The solution was
diluted %o 10 ml, and 0,15 ml, of 70-72% perchloric aeid was added. The
solution was evaporated to dryness on a steam bath and then taken to
fumes of perchloris acid to remove any bromine.

The residue was taken up in 10, nl, of water and 1 ml, of a 20%
sodium sulfite solution was added to redace the thallium to the thallous
state, The solutions were boiled for one minute and then sooled %o room
temperature, The inmitiel pH was adjusted against the ¢olor buffer and one
drop of a 0,2% solution of sodium 2,6-dichlorobenzenoneindophencl was
added, The solution was titrated with standard chromate as described

before., The results are summarized below,

Sample Mg. T1 Mg T1
Yo, Present Pound
1 L7 L8.0

2 L7.11 L9 .k



L3

B. ¥ith mechanical shaker,

A S ml, sample of thallous nitrate solution which contained L47.L1
mg. of thallium was pipetted into a 300 ml, iodine flask, Iron was
introduced by the addition of 1 ml, of a ferric nitrate solution which
contained 10 mg, of iron per milliliter., Bromine water was added until
the color of free bromine was observed., After the oxidation, 18.5 ml,
of a 34% hydrobromic acid solution was added and the volume of the
solution was made up to 50 ml, The extraction was carried out by the
addition of SO ml, of purified isopropyl ether to the water solution,
The flask was tightly stoppered and shaken for 30 minutes by means of a
mechanical shaker, The flask was then removed from the shaker and the
contents placed in a 250 ml, separatory funnel, The two layers were
separated. The water layer was replaced in the iodine flask and three
more extractions were made upon that particular solution, The ether ex-
tracts were combined and evaporated over a steam bath to 5 ml, of solu-
tion, The ssmples were then treated identically as those which under-

went continuous extractions, The results of these extractions are given

below,
Sample Mg. T1 Mg, T1
No, Pressnt Found
1 k7.2 L.l
2 L7.11 50.5

From the above results, it can easily be seen that this method was not
successful, The high results are probably caused by iron being extracted
along with the thallium,
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DISCUSSION AND CONCLUSION

The titration of thallous ion with potassium chromate proved success-
ful when sodium 2,6-dichlorobenzenoneindophenol was used as indicator,
Ths error was less than 8 parts per thousand when titrating approximately
20 to 190 mg. of thallium, A comparison of the proposed chromate method
with the Mehrotra (10,11) method was made and the chromate method was
found to be superior,

Contrary to the proposal of Fricke and Sammet (L) which stated that
sodium 2,6-dichlorobenzenoneindophenol functioned as a pH and an adsorp-
tion indicator in the titration of lead with potassium chromate, sodium
2 ,6~dichlorobenzenoneindophenol functioned only as a pH indicator in the
titration of thallous ion with potassium chromate. Several other substi-
tuted indophenols wers also tried, but they proved unsuccessful,

Experiments were carried out in which methyl red was aubltitut;d as
the indicator instead of sodium 2,6-dichlorobenzenoneindophenol, A color
changs was observed, but it did not occur at the equivalemce point., How-
ever, it is believed that methyl red could be used as the indicator by
ad justing the initial conditions.

Common interferences of the proposed method were noted and studied.
An attempt was made to separate thallium from iron by extraction from a
hydrobromic acid solution with isopropyl ether. The method used was not
satisfactory. However, further investigation of this separation might

yield a successful procedure,



Ls

Several additional experiments were carried out using various
indicators and dyes as adserption indicators in the titraticn of thallous
ion with potassium iodide or potassium bromide. The results cf these

experiments were completely negative.
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