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Radioactive Kryptonates in Volumetric Analysis (II)
Determination of Calcium by Radiochelatometric Titration
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Department of Radiochemistry and Radiation Chemistry, Slovak Technical University,
Bratislava

Department of Inorganic Technology, Slovak Technical University,
Bratislava

A method was worked out for the determination of calcium and other
cations by titration with radioactive kryptonate of silver iodate AgIO,[3:Kr]
as end-point indicator. Titration was carried out by the discontinuous method,
by measuring the activity of radioactive kryptonate.

The preceding paper [1] dealt in detail with the principles and possibilities of using
radioactive kryptonates as indicators in radiochelatometric titrations. The methods
of preparation of these substances and the study of their properties from the view-
point of their analytical application have also been described. The present paper
describes the application of this principle in determining calcium.

Into the solution in which calcium is to be determined (similarly Sr2+, Mg?,
ete.) radioactive kryptonate AgIO,[85Kr]is added and titrated with Chelatone III.
After every addition of titrant solution the activity of radioactive kryptonate is
measured. This reaction takes place first:

Ca?t + [H,Y]*- = [CaY]:- + 2H*. (4)

After the quantitative binding of Ca?*+ the excess of Chelatone III reacts with silver
ions [2], and dissolves the radioactive kryptonate AgIO,[85Kr] following this reaction

AgIO,[%Kr] + [H,Y]*~ = [HAgY]*- + I0; + H* + SKr. (B)

In consequence, with the addition of titrant solution of Chelatone III there occurs
a proportional radioactivity decrease of the kryptonate of silver iodate.

The equilibrium state of reaction (B) is determined by the magnitude
PLagro,#kr; and the stability constant of the forming compound of silver with
Chelatone ITI. The equilibrium state

[HAgYP~ + HY = [H,Y]*~ + Agt (&)

is dependent on pH of solution. The solubility of AgIO; in Chelatone III is also
dependent on pH of solution. According to (B) AgIO; does not dissolve when pH 5.0,
the dissolution begins when pH 5.5 approximately and practically ends when pH 9.5.
A more basic medium is not recommended because silver oxide begins to form. The
optimum interval pH for carrying out the titration of any ion in agreement with the
condition

PK>pKmagvy-

ts 9.5—11.5. In this interval the reaction between silver iodate and Chelatone III
iakes place quantitatively.
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The presence of molybdate, phosphate, tartrate, citrate in great excess do not
affect the function of the indicator. On the other hand the titration cannot be carried
out in the presence of Cl- ions.

The discontinuous measuring of radioactivity decrease of kryptonate was carried
out in the course of titration.

Experimental

Radiochelatometric indicator

The preparation and properties of radioactive kryptonate of silver iodate AgIO4[#Kr]
have been described in paper [1].

Solutions used

10-2 M titrant solution of Chelatone III. The solution was prepared by dissolving an
exact amount of compound of p. a. purity in redistilled water. The solution factor was
set for calcium carbonate p. a.

Standard solution Ca?t was prepared by dissolving Ca(NO,),.4H,O in redistilled
water. The concentration of the solution was determined by chelatometric titration
(0.389 mg Ca/ml).

0.1 M solution of sodium hydroxide.

Titration equipment

The schema of the titration equipment is in Fig. 1. The titrated solution is in the
titrating vessel 6, which is placed in a double shield case 5 (the inside wall being of poly-
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Fig. 1. Schema of titrating equipment for
radiochelatometric titration. a
1. nitrogen bottle; 2. throttle valve; 3.
flow gauge; 4. GM tube; 5. shield case; Fig. 2. Titrating vessel.

6. titrating vessel; 7. burette; 8. measuring a) mica foil; b) tube nitrogen supply;
gauge; 9. the measuring equipment proper. ¢) conical narrowing of the vessel.
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methylmethacrylate and the outside wall of lead). GM tube 4 in the measuring gauge 8
is introduced into this case from underneath (to lower the background), which also
assures equal geometric detection conditions of radiation in the course of titration.
Pulses from GM counter go into the measuring equipment proper 9 (VA-G-20A Mess-
platz-Vakutronik). The titrant solution is added by a burette 7. During titration nitrogen
from bottle I is bubbled through the solution. The flow of nitrogen is controlled by a flow
gauge 3 and regulated by a throttle valve 2.

The titrating vesselitselfis in Fig. 2. It is a glass tube with a narrowed bottom to assure
equal geometric conditions in measuring the activity of radioactive kryptonate. The
bottom of the tube is from a thin mica foil @, to lower the absorption of radiation. Nitro-
gen bubbles through tube b, sealed into the vessel, mixes the solution and carries away
the liberated %Kr.

Working process

1—5 ml solution of calcium salt is placed into a titrating vessel, diluted with distilled
water to 15 ml and pH of solution is brought to the value 9.00—10.00 by means of 0.1 m
of soda lye. Solid radioactive kryptonate AgIO,[®Kr] is added to the solution, which
forms an uninterrupted layer at the bottom of the narrowed part of the titrating vessel.
The titration begins 10 minutes after the addition of radioactive kryptonate into the
titrating medium. During titration nitrogen is bubbled through the solution, which takes
away the liberated #XKr. The activity of radioactive kryptonate is always measured
2 minutes after the addition of the titrant solution of Chelatone III. The titration curve
is plotted from the measured activity values. The activity is expressed in relative units.
The activity measured 10 minutes after the addition of radioactive kryptonate into the
titration medium is taken to be 100 9 (i. e. without addition of Chelatone III).

Results and discussion

Fig. 3 brings for illustration the titration curve obtained in determining 0.778 mg
Ca?* titrated with 10—2 M titrant solution of Chelatone III. As the titration curve
shows, the end-point can be very well evaluated.

In Table 1 the results obtained in titrating 0.778 mg of calcium with 10-2m
solution of Chelatone III can be seen. From the Table it can be seen that the repro-

Table 1
Determination of calcium by radiochelatometric titration
Amount of Ca?+ [mg] Error
No. Determined
Added by radiochelatometric mg o
titration
1 0.778 0.759 —0.019 —2.45
2 0.778 0.760 —0.018 —2.36
3 0.778 0.761 —0.017 —2.20
4 0.778 0.761 —0.017 —2.20
5 0.778 0.757 —0.021 —2.70
6 0.778 0.765 —0.013 —1.69
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duction of determination is good. However, all the deviations of measured values
were negative. This would lead to the conclusion that 83Kr is liberated just before
the end-point. It is in agreement with the results obtained by Lieberman et al. [3]
in determining calcium by titration with 0.05 M solution of Chelatone III using
solid indicator 110mAgTQ,. It is likely to be caused by close values of stability con-
stants (for chelate: Chelatone IIT — calcium is pK 10.7; for Chelatone ITI — silver
is pK 7.1), so that silver begins to form chelate even before complete consumption
of calcium.
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Fig. 3. Titration curve obtained in titrating 0.778 mg Ca2* by 10-2 M titrant solution
of Chelatone III.

Table 2
Determination of calcium by radiochelatometric titration

Amount of Ca2+ [mg] Error
No. Determination
Added by radiochelatometric mg %
titration
1 0.194 0.189 —0.005 —2.66
2 0.389 0.370 —0.019 —5.13
3 0.583 0.571 —0.012 —2.10
4 0.778 0.765 —0.013 —1.69
b 0.972 0.955 —0.017 —1.70
6 1.166 1.140 —0.026 —2.28
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From Table 1 is results that the determination of calcium is marked with a stan-
dard deviation s = 4-0.0084 mg. The amount of Ca?*+ determined by radiochelato-
metric titration is therefore 0.760 4 0.0084 mg.

Table 2 gives the results obtained in the titration of various amounts of calcium.

By this working process it is also possible to determine other cations, e. g. Sr2+,
Mg?+ and similarly also calcium in the presence of magnesium. In determining
calcium and magnesium in different samples (e. g. in dolomite, in glass, in pharma-
ceutic preparations etc., as well as in determining the hardness of water) work is
done with two aliquot parts of the solution under examination. In one part the total
of calcium and magnesium is titrated by the method already mentioned and in the
other part after the precipitation of calcium in the form of molybdate, magnesium
is titrated (in the filtrate). The amount of calcium is calculated from the difference.

RADIOAKTIVNE KRYPTONATY V ODMERNEJ ANALYZE (II)
STANOVENIE VAPNIKA RADIOCHELATOMETRICKOU TITRACIOU

J. Tolgyessy, V. Jesendk, 8. Varga, D. Hroncové

Katedra rddiochémie a radiaénej chémie a Katedra anorganickej technolégie
Slovenskej vysokej Skoly technickej,
Bratislava

Vypracovala sa metéda na stanovenie vdpnika a inych katiénov titrdciou odmernym
roztokom chelatonu III za pouzitia rddioaktivneho kryptondtu jodiénanu strieborného
AgIO,4[**Kr] ako indikdtora bodu ekvivalencie. Po kvantitativnhom viazani védpenatych
iénov nadbytok chelatonu III vstipi do reakcie so striebornymi iénmi a rozpusta radio-
aktivny kryptonét za uvolnenia 85Kr. 'V désledku toho priddvanim odmerného roztoku
umerne klesa radioaktivita kryptonétu jodiénanu strieborného. Pri titracii sa postupovalo
diskontinuitnou metédou, meranim aktivity rddioaktivneho kryptondtu. V préci sa
opisuje princip titrdcie, skonstruované titraéné zariadenie, vysledky ziskané pri analyze
modelovych vzoriek vépnika a Studium reprodukovatelnosti stanovenia.

PAITIMOAKTUBHBIE KPUIITOHATBI B OBBEMHOM AHAJUN3E (II)
ONIPEJEJIEHNE RAJBIUA PAJUOMETPIIYECKIM TUTPOBAHUNEM

10. Tonbpemu, B. Ecenak, lII. Bapra, [I. T'pornosa

Hadenpa paguoxumuu ¥ pagManvoHHON XUMIK
u Kadenpa Heopraunyeckoil Texuoaorny CI0BaLKOro MOMHTeXHMYECKOTO UHCTUTYTA,
Bparuciasa

Bun paspaboran Merop myA onpefieleHNMA KaNbIUA M APYTMX KAaTHOHOB TUTPOBAHUEM
TUTPOBAHHHIM pacrBopoM XenaroHa III ¢ mpumeHeHmeM pafMOAKTHBHOIO KPHIITOHATA
unopara cepebpa AglO,[%Kr] B KauecTBe MHAMKATOpPA SKBUBAJEHTHOIt Touku. Ilocie Komm-
yecTBeHHOro cBAsmBaHMA Ca®t ua3bmTok XemaroHa III BcrymaeT B peakIuio C MOHAMH ce-
pebpa 1 pacTBOpsAET PafMOAKTUBHHII KPUNTOHAT C BhIfeleHneM $5Kr. B pesyusraTe 9Toro
¢ nmpuGaBileHMEeM TUTPOBAHHOI'O PACTBOPA IPOMOPIMOHANBLHO MOHMKACTCA PAaSN0aKTHBHOCTD
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KpunrToHata uogara cepe6pa. TuTpoBaHue ObIJIO NPOBEEHO HENPEPHIBHBIM METONOM C M3-
MepeHneM AKTHBHOCTH PAJMOAKTHBHOI'0 KPHMOTOHATA. B pafoTe OMMCHBAETCA HPUHLMUII
THTPOBAHHNA, ITOCTPOEHHAsA THUTPALMOHHAS ANNaparypa, pe3yJbTaThl aHAIM33 MOMENbHHIX
00pasuoB KaJblHA M M3yYeHHe BOCIPOM3BOAMMOCTU OIpefeleHnii.

Ilepesena T. JJuasumnzeposa
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