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The precision and accuracy attainable in direct titrations of the Sc**, La*>* or
Er’* ion with a 0.001 M solution of the disodium salt of ethylenediaminetet-
raacetic acid using Methylxylenol Blue as a metallochromic indicator has been
studied.

For linear extrapolation of the end-point in titrations of the Sc** and Er**
ions with a solution of the disodium salt of ethylenediaminetetraacetic acid it is
convenient to measure the titration curve at 560 nm (in case of La** at 570 nm)
and to adjust the concentration of indicator in the titrated solution to
1—2 x 10~ M. For the microtitration of Sc** the pH range 2—3 is obtained by
adding the chloroacetate buffer while for the titration of lanthanides the
optimum pH value (pH 5.4 for Er’* and pH 5.9 for La’") is adjusted with the
hexamethylenetetramine buffer solution. The influence of the blank titration
on accuracy of results was eliminated by successive titration: the analyzed
solution was measured and introduced into a solution immediately after
completing a preliminary titration of the ion being determined.

In repeated determinations of these metals in very dilute solutions (c,,=~
10~° M) the relative random error does not exceed 1% and the systematic error
0.8—1.5% (referred to the most accurate visual titration performed at
concentrations higher at least by one numerical order). Accurate results may
also be achieved by a successive titration. The Sc** ion is titrated at pH 2.5;
then the pH value is adjusted to 5.4—5.9 by adding the hexamethylenetet-
ramine buffer solution and the La** ion (or Er’* ion) is titrated.

Bblna u3yyeHa TOYHOCTb U PaBHIBHOCTD, JOCTHraeMas MpH NpsiMOM THTPO-
BaHMM MOHOB Sc’* unu La** u Er’* ¢ 0,001 M pacTBopoM [Byx3aMeLIEHHOM
HaTPUEBOM COJIM 3THIECHAWAMHUHTETPAYKCYCHOMW KHMCJIOTBI C MCMOJIb30BaHHEM
METHJIKCHIIEHOJIOBOTO CHHEr0 B KaY€CTBE METAUVIOXPOMHOTO WHAMKATOpA.

JIns NUHERHOro 3IKCTPanoOJMPOBaHUS OKOHYAHMS THTPOBAHHA MONXOMMT
u3MepeHue KPMBOW TUTPOBaHus npH 560 UM B cnyyae Sc** u Er’* v npu 570 um

* For Part VI see Ref. [1].
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B cnyyae La’*, KOHUEHTPaLMIO HHAMKATOPa B THTPYEMOM PacTBOPE BbIOHPAIOT
1—2 10°M. [Ins MHKDOTHTPOBAaHMS Sc’* MOXHO OrpaHMYMTL HANA3OH
pH 2—3 pno6agskoii xnopykcycHoro 6ycddepHoro pacTsopa, Ajisi THTPOBAHHS
nanTaHunoB ontumansHoe pH 5,4 (Er**) no pH 5,9 (La**) nocturaercs rekca-
METHJIEHTETPaaMMHOBbIM 6ycddepHbIM pacTBOPOM.

BiusiHHE XOJIOCTOrO OMBITA HAa NPABUJILHOCTb PE3YJILTATOB GbIIO UCKITIOYE-
HO NMOCTENEHHbIM THTPOBaHUEM, PHYEM MCIIBLITYEMbIil PacTBOp NpuUGaBisics
K pacTBOpY, B KOTODOM Y>X€ NpPEJBapUTEIbHO OTTHTPOBAH OINpENeIsieMbIi
WOH.

IIpy NMOBTOPHOM OMNpEAEeNeHHH ITHX METANIIOB B O4YEHb pa30aBlIEHHbIX
pactBopax (¢, = 107> M) oTHOCcMTeNbHas ciydailHas OMOKA HE MPEBBILIAET
1% u cucrematnyeckas owmbka 0,8—1,5% no oTHowenuto K HauGolee
TOYHOMY BH3YyaJibHOMY THTPOBAHHIO NPH KOHLIEHTPALMAX M0 MEHbLIEH Mepe Ha
nopsifoK BbIe. TOYHBIX PE3yIbTATOB MOXHO JOOGHTBLCS M NPH MOCTENEHHOM
TUTPOBaHUM, IPH KOTOPOM HOH Sc** Turpyercsa npu pH 2,5 u 3atem La** unn
Er** nocne usmenenus pH no 5,4—5,9 npubGaBiieHHEM reKcaMeTHNIEHTETpa-
amuHoBoro 6ycddepHoro pacreopa.

It has been shown in our previous publications [1—3] that the photometric
indication of chelatometric titration with the use of a metallochromic indicator
provides very accurate results in the region of microgram concentrations. The
Methylxylenol Blue proved to be a sensitive metallochromic indicator suited for
visual titrations of some bivalent metals [4] in mildly acid medium of the acetate or
urotropine buffer solution. This medium was also evaluated as the optimum for
visual and photometric microtitrations of rare earth metals [S] with a 0.01 M
solution of the disodium salt of ethylenediaminetetraacetic acid. Since a scandium
salt may be titrated in a solution adjusted to pH 2—3 by adding nitric acid -or
a formate buffer, it was also possible to perform a successive titration of scandium
and some lanthanide in mixture. This procedure ensures accurate results [5] in
titrations with a 0.01 M solution of Chelatone 3 while a photometric indication
does not practically deviate from visual estimate in the attainable level of accuracy,
especially if a reference solution is used [6, 7], because the colour change of
indicator is distinct and sharp. A higher accuracy of photometric indication usually
appears in the concentration range lower by one numerical order [8] ; however, the
accuracy of end-point location should be verified for the particular conditions [2].
In this paper, the results are presented for the study of precision and accuracy of
the photometric indication with the use of Methylxylenol Blue for the determina-
tion of microgram amounts of rare earth metals either by direct titration of
individual Sc’*, La®*, and Er’* ions or by successive titration of the Sc’* and La’>*
jons and of the Sc’* and Er’* ions.
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Experimental

Solutions, instruments, and measuring methods

0.01 M and 0.001 M solutions of Chelatone 3 (disodium salt of ethylenediaminetetraace-
tic acid, Lachema, Brno) were prepared for visual and photometric titration, respectively.
The titre of these solutions was verified by visual titration with Pb** using Xylenol Orange as
indicator [8]. Recrystallized and dried lead dichloride was used as a standard. The titre of the
0.01 M'solution was determined with the use of solutions prepared by difference weighing of
PbCl, (s, (%) =0.1for n =4; relative error referred to weighed amount of Chelatone 3 was
e (%)= +0.5). The results obtained in repeated titrations with the 0.001 M solution of
Chelatone 3 by means of two different standard solutions of PbCl, were insomuch identical
that they could not be statistically evaluated (e (% )= —0.05).

Standard 0.01 M solutions of the rare earth metals were prepared by weighing the dried
anal. grade salts (Sc(NO,),-4H,0, La(NO,), - 6H,0, and Er(NO,),-6H,0; Lachema,
Brno) and dissolving them in dilute nitric acid the resulting concentration of which was
approximately 0.01 M. These solutions were standardized by visual titration with 0.01 M
Chelatone 3 using Xylenol Orange and chloroacetate (for Sc**) or urotropine solution. The
results obtained were very accurate and practically identical (n =4). They may also be
considered sufficiently correct [9].

The purified preparations of indicators were used for preparing 0.01% stock solutions of
Xylenol Orange (xo0) and Methylxylenol Blue (mxb) [10]. These solutions were stabilized by
acidifying with nitric acid (¢yno,=0.001 M).

The chloroacetate buffer solution of pH 3 was prepared by mixing 2 M-CH,CICOOH and
1 M-CH,COONa and controlled by means of a pH-meter. Similarly, the urotropine
solutions of pH 5.2 and pH 6 were prepared by mixing 0.5 M solutions of hexamethylenetet-
ramine and nitric acid.

A pH-meter OP-201/2 (Radelkis, Budapest) with a cell consisting <" electrode and
saturated calomel electrode was used for pH measurements.

The photometric microtitrations were carried out with the aid of a : . rtometer
Spekol (Zeiss, Jena) which was equipped with a photoelectric head, an a.np ., and other
special accessories (titration adapter [11] and microburette with glass pistou) which were
made in the development workshop of the University of Chemical Technology. The
microburette was calibrated and tested by a new gravimetric and titration method [12]: for
the measurement of the total volume of 566.1 ul the estimate of standard deviation was
0.4 ul (n=17).

Selection of optimum conditions for the direct titration
of scandium and lanthanides

The estimate of optimum conditions for titrations of individual metals in pure
solutions could be based on the knowledge obtained in titrations with 0.01 M
Chelatone 3 [5]. However, the determination in a very dilute solution depends
more on the selection of conditions for titration and the experimental arrangement.
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The reliability of linear extrapolation of the titration end-point in the photometric
titrations with 0.001 M Chelatone 3 is significantly affected by the choice of
wavelength if stepwise complexes of indicator with the titrated metal exist in
equilibrium in the course of the indicator transition. In this respect, Methylxylenol
Blue resembles Xylenol Orange (cf. [8]). Therefore it was necessary, in the first
place, to investigate the influence of wavelength on the shape of titration curve in
full detail.

Fig. 1 shows the parts of titration curves in the region of equivalence, which are
important for linear extrapolation of the titration end-point for La>* A change in
wavelength affects the extent of curvature and the length of linear section on the
oblique branch of titration curve. Thus the number of experimental points which
may be used for drawing the extrapolation line is limited. Therefore the form of
titration curve predetermines magnitude and sign of the deviation of the extrapo-
lated end-point from the equivalence point the position of which is marked by
arrows in Fig. 1. So the curve corresponding to 570 nm was found to be suitable for
microtitration of the La>" ion while the optimum wavelength for Sc’* and Er’* was
560 nm.

The study of photometric microtitrations confirmed that the chloroacetate
medium (pH=2.5) was convenient for the determination of Sc’* while the
hexamethylenetetramine buffer solution was the most suitable medium for the
titrations of the rare earth ions (pH 5.4 for Er’* and pH 5.9 for La’*). The
concentration of indicator in the titrated solution was in the range 1x 107°—2 x
x107° M.

The results of statistical evaluation of titration series presented in Table 1 show
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Fig. 1. Photometric microtitration of lanthanum using Methylxylenol Blue at different wavelengths.
L3+ =8.67x10°M;¢,,=2.3x107° M; pH 5.88.
A (nm): 1. 610; 2. 590; 3. 570; 4. 560; 5. 550; 6. 540.
Curves 2—6 are gradually shifted to the right side on the x axis by 6 units.
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Table 1

Statistical evaluation of series of the photometric microtitrations with 0.001 M Chelatone 3 using
Methylxylenol Blue as indicator

0.001 M Chelatone 3, pi

Titrated ion s. (%)

Cm, mol 17! i s Interval of reliability

Sc* 1.30x10°° 266.9° 2.26 x+20 0.85
6.38x107° 130.2° 0.84 x+0.7 0.64
3.68x107° 76.5° 1.09 x+1.0 1.42

La** 1.42x10°° 281.9" 1.17 x+1.0 0.42
8.67x10°° 167.5° 1.68 xx1.5 1.00
5.72x10°° 113.9° 0.54 x+0.5 0.47

Er’** 1.30x107° 254.2° 1.42 r*1.3 0.56
7.95%x10°° 154.4° 1.84 x+1.6 1.19
5.40x10°° 99.6° 3.77 x*t34 3.78

The titrations were performed at the wavelength: @) 560 nm; b) 570 nm; ¢) 560 nm in the volume
of 20 ml and for cuvette length 50 mm.

Cm=2.2%X10"°M; pH: a) 2.8—2.9; b) 5.8—5.9; ¢) 5.3—5.5.

The number of titrations in a series n =7; level of significance a =0.05.

that sufficient accuracy may be achieved under the above-given optimum condi-
tions even for micromolar concentrations of scandium and lanthanides.

Elimination of the influence of blank titration by the
method of successive determination

The accuracy of the determination of metal in very dilute solutions may be
considerably affected by the value of blank titration which, however, may
frequently be low, outside the region where this method gives reliable results. In
order to eliminate the influence of blank titration, we used the principle of
successive titration. Before the actual determination, the conditions were adjusted
and a small amount of the metal to be titrated (e.g. 1 ml of 5x 10~° M standard
solution) was added. This addition as well as the trace amounts of other interfering
elements were titrated together in the first titration. A certain volume, e.g. 5 ml, of
the solution to be taken for the actual titration, was precisely measured and
transferred into the somewhat overtitrated solution and the titration was continued
to the second titration end-point. A titration curve for such titration is represented
in Fig. 2. The results of three typical series of successive titrations are listed in
Table 2. The accuracy achieved in these titrations was practically equal to the
accuracy of simple direct titrations. The systematic error referred to the results of
the visual titrations using 0.01 M Chelatone 3 and Xylenol Orange at higher
concentrations of the titrated metals (ca. 5x107*M) was 0.8—1.5%. The
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Fig. 2. Successive photometric titration of Fig. 3. Successive photometric titration of scan-
lanthanum using Methylxylenol Blue and dium at pH 2.3 and erbium at pH 5.2 using
involving elimination of blank experiment. Methylxylenol Blue.
*=17X107°M; Crn=1.3x 107> M; s+ =638X10"°M; g+ =7.95X10"°M;
pH5.7;4 =570 nm. Cor=2.1%X10"°M; A =560 nm.
Table 2

Statistical evaluation of precision and accuracy for the determination involving elimination of blank
experiment by successive titration

cwm at the end Sc** La** Er’*
of successive titration 1.16x107° M 1.70x10° M 1.58x10°M
Given, ug 8.72, 39.3 442
x, ul 195.6° 287.1° 267.8°
s, -~ 1.2 2.7 29
s (%) 0.6 1.0 1.1
Interval of reliability x+1.4 r*3.2 x*+35
Found, pg 8.79 39.9 44.8
Uog 0.60 0.61 0.57
e (%) +0.8 +1.4 +1.5

It was titrated with 0.001 M Chelatone 3 at pH: a) 2.6; b) 5.7; c) 5.4.
The number of titrations in a series n =5; other data are given in Table 1. Level of significance
a =0.05; critical value of Lord’s characteristic #o=0.51.
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calculated value of Lord’s characteristic u, for all three series is higher than the
critical tabulated value for the level of significance 0.05, which means that the
observed differences are statistically significant. In comparison with usual errors
incurred in other types of indication in titrations in very dilute solutions, the level of
precision and accuracy achieved in the series listed in Table 2 may be considered to
be satisfactory.

Successive microtitration of scandium and lanthanum
or scandium and erbium

As already shown in paper [5], it is possible to titrate first scandium in the nitrate
medium of pH 2.5 and after pH adjustment by adding hexamethylenetetramine
buffer the titration may be continued to determine rare earth metals. The
possibility of this successive determination was thoroughly studied in the region of
microgram concentrations. Fig. 3 represents a photometric titration curve for the
combination of Sc®* and Er’* In this case the titrated solution should be acidified
up to the lower limit of the above pH range, otherwise the values of absorbance get
settled slowly during the titration. After the titration of scandium was completed,
the pH value of the solution was adjusted to pH 4.9—5.4 by adding 2 ml of the
hexamethylenetetramine buffer solution and the titration of Er’* succeeded. As
can be seen from Fig. 3, there are no difficulties in the end-point evaluation for
both metals.

Table 3

Statistical evaluation of series of the successive photometric microtitrations of Sc>* and La*>* or Sc** and
Er’* with 0.001 M Chelatone 3 using Methylxylenol Blue as indicator

Titrated concentration 0.001 M Chelatone 3, ul
Series of metal s. (%)
cm, mol 17! x s Interval of reliability
1 1.30x 107° M-Sc** 271.9° 1.07 it 24 0.39
5.72x107° M-La** 117.7¢ 4.55 x+10.0 3.86
2 6.38x107° M-S¢** 135.8° 0.14 i+ 03 0.10
8.67x107° M-La®* 170.2¢ 2.01 Xt 44 1.18
3 3.68x107° M-S¢** 82.2° 0.67 X+ 1.5 0.82
1.42x107° M-La** 283.7° 0.67 x+ 1.5 0.24
4 1.30x 107 M-S¢** 271.0° 0.53 x+ 1.2 0.20
5.40x 107° M-Er** 103.9¢ 1.34 xt 29 1.29
5 6.38x 107° M-Sc’* 137.6" 1.74 Xt 38 1.26
7.95x% 10™* M-Er** 153.0¢ 4.55 x+10.0 2.97
6 3.68x107° M-S¢** 81.5° 2.13 it 47 2.61
1.30x 10~ M-Er** 253.1¢ 1.20 x+t 2.6 0.47

It was titrated at pH: a) 2.3; b) 2.4—2.6; c) 5.3—5.5; d) 4.9—54.
The number of titrations in a series n =3; other data are given in Table 1.
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The results of titration series of three parallel determinations are given in Table
3. The statistical evaluation shows that the determination of the ion Sc’* titrated
first is a little more precise than the determination of the rare earth ion. If two ions
are titrated successively in a mixture, it is, however, necessary to determine the
value of blank titration separately for the two pH values. It is worth to notice that
analogous successive titrations of two metals have been described in literature, but
they were only seldom studied in detail, especially from the view-point of
attainable precision and accuracy. Further knowledge in this field could contribute
to elucidation of the potential sources of errors in practical applications of
chelatometric titrations.

References

—

. Vyttasova, J., Kotrly, S., Vytfas, K., Vizarreta Escudero, T., and Zielina, S., Sb. Véd. Pr., Vys. Sk.
Chemickotechnol., Pardubice 38, 55 (1978).

2. Zimakova, M., Thesis. University of Chemical Technology, Pardubice, 1973.

. Kotrly, S., Mach, V., Riha, V., Vytias, K., and Zimakova, M., Sb. Véd. Pr., Vys. Sk. Chemickotech-
nol., Pardubice 35, 9 (1976).

. Vytfas, K., Mach, V., and Kotrly, S., Chem. Zvesti 29, 61 (1975).

. Vytfas, K., Malcova, M., and Kotrly, S., Chem. Zvesti 29, 599 (1975).

Kotrly, S. and Vytias, K., Collect. Czech. Chem. Commun. 33, 3726 (1968).

. Vytfasovd, J., Vytfas, K., and Kotrly, S., Collect. Czech. Chem. Commun. 41, 47 (1976).

. Kotrly, S. and Vftestdl, J., Collect. Czech. Chem. Commun. 25, 1148 (1960).

9.Lyle, S. J. and Rahman, Md. M., Talanta 10, 1177 (1963).

10. Vytias, K. and Vytfasova, J., Chem. Zvesti 28, 779 (1974).

11. Kotrly, S. and Riha, V., Czech. 169 941.

12. Kotrly, S. and Mach, V., unpublished results.

w

NI VRN

Translated by R. Domansky

506 Chem. zvesti 33 (4) 499—506 (1979)



