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Abstract: Titration methods based on an inhibition effect were used to investigate
the interferences from Ti and Zr in the determination of Ca by atomic absorption
and flame emission spectrometry using an air—acetylene flame. Changes either in
the absorption or emission signal of Ca were continuously registered on a computer
display and characteristic titration curves were obtained. The mole ratios between Ti
or Zr and Ca at characteristic points on titration curves were used to explain the quan-
titative changes occurring in the solution being titrated and aspirated into the flame.
In order to investigate procedures for eliminating these interferences, a method of
atomic absorption inhibition release titration was used. For this purpose, a solution
of La, as a releasing agent with a very low Ca concentration, used as an indicator,
was continuously titrated with the solution of Ti as inhibitor. A comparative study of
the activity of Ba, Sr and La as releasing agents was investigated during titration of
Ca with Zr solution. Based on the calculated mole ratios between Zr and Ba, Sr or
La, the effectiveness of these agents in eliminating the interferences was determi-
ned. Possible reactions occurring during evaporation of the aerosol in the air-ace-
tylene flame are represented by chemical equations.

Keywords: interference, calcium determination, titanium and zirconium, flame ato-
mic absorption and emission spectrometry, titration method, releasing action.

INTRODUCTION

Interferences causing lower results during calcium determination by atomic
absorption (emission) flame spectrometry in the presence of Ti or Zr have been
reported in the literature.! Titanium and zirconium, being the inhibiting agents
during the flame spectrometric determination of Ca, are assumed to form thermo-
stable products with this alkaline earth metal.2 This so-called inhibition effect is
especially evident in low-temperature flames.3

In this study, titration based on the inhibition effect* was used to investigate
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the interferences from Ti or Zr during the determination of calcium in an air—ace-
tylene flame. Definite volumes of standard solutions of titanium or zirconium (ti-
trand solution) were continuously titrated against a standard solution of CaCl;
and vice versa. Simultaneously, as the titrand solution was aspirated into an air—ace-
tylene flame, changes in absorption or emission of the Ca signal (422.7 nm) were
monitored on a computer display. Titration curves with distinct characteristic po-
ints were obtained. The mole ratios between the inhibitors (Ti or Zr) and calcium
at these inflection points were used to explain the processes occurring during eva-
poration of the aerosol in the flame.

It is important to note that the term “titration” is used here to designate an
operation, i.e., a procedure employed for the study of processes occurring in a
flame, rather than to its conventional sense in volumetric analysis.

Interferences from Ti or Zr during the determination of calcium are com-
monly eliminated by addition of La.> Also, Sr or Ba can be used to eliminate che-
mical interferences during calcium determination.6’

The continuous titration method, termed atomic absorption inhibition release
titration® was employed in a study of the elimination of interferences from Ti and
Zr during the determination of Ca. For this purpose, a solution of La with a very
low concentration of Ca, as an indicator, was continuously titrated with Ti. Chan-
ges in the atomic absorption signal of the indicator (Ca) were automatically re-
corded and titration curves with distinct inflection points compared to the blank
curves were obtained. The determined mole ratios between Ti and La were used
to explain the releasing action of La. The activity of Ba, Sr and La in the eli-
mination of interferences was investigated during titration with a Zr solution, in
the presence of Ca as indicator. Based on calculated mole ratios between Zr and
corresponding releasing agents, their effectiveness in the elimination of inter-
ferences was determined. Possible reactions occurring during evaporation of an
aerosol in an air—acetylene flame are presented by chemical equations.

The aim of this study was to summarize the quantitative results obtained in a
study of reactions occurring between Ti and Ca or Zr and Ca, and thus advance
our understanding of the changes in equilibrium occurring during the evaporation
of an aerosol in an air—acetylene flame. Also, the releasing action of La in the eli-
mination of interferences by Ti during the determination of Ca was studied. An
investigation of the effectiveness of Ba, Sr and La in eliminating interferences
from Zr has a scientific rationale, as well as an economic one, because the market
prices of Ba, Sr or La salts vary significantly.

EXPERIMENTAL
Instrumentation and chemicals

A SpectrAA 220 Varian atomic absorption (emission) flame spectrometer was used for all the
titration measurements. The spectrometer was attached to computer which enabled the automatic
monitoring of changes either in the absorption or emission of the Ca signal. During the titration, the
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titrand solution was stirred with a magnetic stirrer and a beaker with the titrant solution was con-
nected to a peristaltic pump (LKB Bromma). The titrant solution was added at constant flow rate
(about 3 ml min'!) from a microburette through a tap connected by a capillary to the peristaltic
pump. The rate of titrant addition was approximately equal to the rate of titrand aspiration into the
flame, in order to minimize changes in volume during the titration.

Continual titration measurements were performed in an air—acetylene flame, with a 0.7 cm burner
height, following the procedure described previously.>-!9 Changes in emission of Ca (at 422.7 nm)
occurring during titration were followed using a 0.2 nm slit width. Changes in the calcium atomic
absorption (at 422.7 nm) were followed employing a hollow cathode lamp (Varian) for Ca, opera-
ting at 10.0 mA.

Highly purified, deionized water used for the preparation of all dilute standard solutions, was
obtained using an Elga PURELAB Option-R 7/15 water purification unit. Standard Ca, Ba and Sr
solutions were prepared by dissolving previously dried appropriate carbonates (p.a. Merck and p.a.
Carlo Erba, Milano) in the minimal volume of 2M HCI or HNOj3. The La(III) solution was prepared
from lanthanum chloride heptahydrate (LaCl;-7H,0, p.a. 98 % BDH laboratory reagents, England).

Standard solutions of Ti and Zr were prepared by dissolvingTiCl, (Baker, USA), i.e., Zr(NO3),
(p.a. Merck). The concentrations of Ti and Zr in these solutions were determined gravimetrically
via the corresponding dioxides, using the cupferron method.!!

RESULTS AND DISCUSSION
The study of the interferences from titanium

In order to study the interferences from titanium, a TiCly solution, in the
10-50 pg Ti ml~! concentration range, was titrated with a CaCl, solution in which
the calcium concentration was 500 ug ml~1. The titration curves in this case had a
characteristic shape with a significant inflection domain labelled by point a (Fig. 1).

Ca emission

1.0+

0.5

- T T T
20.0 40.0 60.0 Time (s)

Fig. 1. Titration of 50 ml water (1), 10 pg Ti ml"! (2) and 50 pug Ti ml! (3)
with CaCl, standard solution (500 pg Ca ml'!).

At the beginning of titration, the Ca emission at 422.7 nm changed only sli-
ghtly, i.e., Ti exerted a considerable depressive effect on the calcium emission.
This occurs because Ti reacts with Ca and thermostable products are simultane-
ously formed during the evaporation of the aerosol. Further addition of the titrant
(500 ug Ca ml™!) leads to a rapid increase in the emission signal, which enables the
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graphical determination of the titration end-point a. In order to calculate mole ratios
Ti/Ca at point a, it is nessecary to subtract the volume of CaCl, added during the
titration of 50 ml deionized water, the so-called blank volume (Fig. 1, curve 1).

Calculation of mole ratios between Ti and Ca at the characteristic point a
(Table I) showed them to be variable. Namely, mole ratios Ti/Ca increase with
increasing concentration of Ti in titrand solution, which indicates the occurrence
of an equilibrium change during the formation of thermostable mixed oxides, i.e.,
Ca0-5TiO;, and Ca0O-6TiO5:

Ti/Ca=52 = CaCl, + 5TiCly + 11H,0 — Ca0-5TiO; + 22HCI
Ti/Ca=6.1 = CaCly+ 6TiCly + 13H,0 — CaO-6TiO, + 26HCI

TABLE 1. Mole ratios Ti/Ca obtained by titration of TiCl, solution with CaCl, solution (500 pg Ca ml!)

Ti concentration / pg ml! Mole ratios Ti/Ca at the inflection point a of the titration curves
10 35
20 43
30 5.22
40 6.1
50 6.2

8The relative standard deviation (RSD) value for five replicates is 7.0 %.

The formation of these mixed oxides with variable contents of CaO and TiO,,
which are introduced into flame as aerosol particles, indicates strongly the possi-
ble reactions occurring in the air—acetylene flame (disregarding possible influen-
ces of the combustion of the flame gases). Hence, the interference observed dur-
ing Ti titration with CaCl, solution, can be ascribed to the much slower evapora-
tion of the obtained calcium titanates, with respect to CaCl,.!2

When a reverse titration was performed, i.e., when a solution of CaCl, was
titrated with a titanium solution, the flame emission of Ca at the beginning of ti-
tration increased rapidly, depending on the calcium concentration in the titrand
solution (Fig. 2). After a brief period, the Ca emission sharply decreased, which
enables the determination of the so-called threshold of sensitivity of the indicator
present — emission at 422.7 nm (point a).

On further addition of TiCly, the emission decreased gradually (depending
on the Ti concentration in the titrant solution), because of the formation of new
stoichiometric compounds between Ca and Ti, which enables the determination
of the titration end-point b. The mole ratios Ti/Ca at points a and b were calcu-
lated and are presented in Table II.

In contrast, in the case of the titration of Ti with calcium solution, the mole
ratios between Ti and Ca decreased with increasing calcium concentration (as ti-
trand), which indicates that the formed thermostable mixed oxides have a higher
CaO content.13:14 It was observed that the Ti/Ca values (at point b) increased
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with increasing concentration of Ti as titrant when the Ca concentration was con-
stant, which proves that the composition of the mixed oxides depends on both the
titrand and titrant concentration. The calculated mole ratios at the first point (a)
designate the threshold of the Ca flame emission signal and it was registered that
Ti inhibited Ca even when its concentration in the solution was ten times lower
than Ca concentration (Table II, Ti/Ca = 0.1).

Ca emission
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Fig. 2. Titration of 10 ug Ca ml! (1) and 20 pg Ca mlI'! (2) with TiCl, standard solution
(500 pg Ti ml'!) and aspiration of 10 pg Ca m1! (3) and 20 pg Ca ml! (4) as blank curves.

TABLE II. Mole ratios Ti/Ca obtained by titration of a CaCl, solution with a TiCly solution

Mole ratios Ti/Ca at the inflection points of the titration curves

Titrant concentration / pg Ti ml'!

Ca concentration / pg ml™!

200 400 500

a b a b a b
5 0.1 1.0 0.2 1.2 0.2 1.5
10 0.14 0.78 0.2¢ 0.9P 0.1E 1.0F
15 0.1 0.6 0.1 0.7 0.1 0.9
20 0.1 0.5 0.1 0.7 0.1 0.7

RSD values for five replicates are: A0.4, B2.1, C0.8, D4.6, Ey 2 and F4.5 %,

It should be mentioned that similar results were obtained during the monitor-
ing of the Ca absorption signal at 422.7 nm. Also, mole ratios Ti/Ca remained
almost the same when the titrations of Ti with Ca, and vice versa, were perfor-
med by monitoring the emission signal at 622.0 nm (CaO band).

The study of interferences from zirconium

The processes occurring during Zr titration with a calcium chloride solution
are described by the titration curves shown in Fig. 3. In contrast to the titration of
TiCly, the titration curves in this case show a sharp increase in the calcium absor-
ption signal, rather than a gradual one. The existence of two distinct inflection
points, a and b, on the titration curves clearly indicates that inhibition was pre-
sent, but it is less intensive in comparison to Ti as the inhibitor.
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Fig. 3. Titration of 50 ml water (1) and 8 pg Zr mI"! (2) with CaCl, standard solution (100 pug Ca mll).
The mean values of the mole ratios Zr/Ca calculated at point a (Table III)
indicate the possible formation of a mixed sesquioxide between Ca and Zr during

the evaporation of the aerosol (irrespective of whether the absorption, i.e., emis-
sion, at 422.7 nm or emission at 622.0 nm was measured):

Zr/Ca=1.4 = 2CaCl, + 3Zr(NO3)4 + 2H,O — 2Ca0-3ZrO; + 4HCI + 12NO, + 30,

TABLE III. Mole ratios Zr/Ca obtained by titration of a Zr(NOj3)4 solution with a CaCl, or Ca(NOs),
solution (100 ug Ca ml™!)

Mole ratios Zr/Ca at the inflection points of the titration curves

. 1 Titrant
Zr concentration / ug ml
CaCl, Ca(NO3),
a b a b
8 1.6 1.0 1.74 1.0
10 1.48 1.0€ 1.3D 0.9E
12 1.4 0.9 1.6 0.9
15 1.34 0.9 1.4 1.0
18 1.4 0.74 1.4 0.9
Mean values 1.4F 1.06 1.4H 0.9

AThese values are not taken into account.

RSD values for five replicates and the mean values are: 10.48,4.2€, 8.7°, 5.3E 8.7F 5.09, 10.9" and 4.9! %.
Undoubtedly, at the second inflection point, b, the mean stoichiometric ratios

(Table III) show that calcium metazirconate — CaO-ZrO, was formed (melting

point 2550 °C).15 The possible reaction occurring between Ca and Zr in the eva-

porating aerosol can be presented as follows:

Zt/Ca=1.0 = CaCly + Zr(NO3)s + HyO — CaO-ZrO; + 2HCI + 4NO; + O

In the case of Ca titration with Zr(NO3)4 solution, the titration curves have
three pronounced inflection points (Fig. 4). The first one (point a) enables the de-
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termination of the earlier-mentioned threshold of the indicator sensitivity, i.e., Ca
emission (422.7 nm) in the presence of the inhibitor Zr, and it is very similar to
the one obtained by titration with titanium.

Ca emission
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Fig. 4. Titration of 4 ug Ca ml'! (1) and 5 pg Ca ml'! (2) with Zr(NO;), standard solution
(400 pg Zr mI'!) and aspiration of 5 pg Ca ml! (3) as blank curve.

The mean mole ratios within the respective points b and ¢ are obviously very si-
milar, regardless of the changing titrand (Ca) or titrant (Zr) concentrations (Table IV).

TABLE IV. Mole ratios Zr/Ca obtained by titration of a CaCl, solution with a Zr(NOj3)4 solution

Mole ratios Ti/Ca at the inflection points of the titration curves

Concentration / ug Zr ml!

Ca concentration / pug ml™

300 400
a b c a b c
0.1 0.7 1.5 0.2 0.7 1.5
0.24 0.68 1.4€ 0.2P 0.65:F 1.46
0.2 0.7 1.5 0.2 0.7 1.6
10 0.2 0.7 1.5 0.2 0.6 1.6
12 0.2 0.6 1.5 0.2 0.6 1.4
15 0.2 0.6 1.4 0.2 0.7 1.3H
Mean values 0.2! 0.6 1.5K 0.2- 0.6M:N 1.50

RSD values for five replicates and mean values are: 1.74, 2.6, 6.9C, 1.6P, 1.9E, 626,371, 5,07, 47K, 0L, 5,0M and 8.9 %.
HThjs value was not taken into account.
The 95 % confidence limits for the titration end-point and mean values are: (0.65 + 0.02)F and (0.6 + O.l)N.

On the basis of the mean mole ratios of Zr/Ca, obtained at inflection points b
and c, it can be concluded that mixed sesquioxides: 2Ca0-3ZrO; and 3Ca0-2Zr0O,
are formed in air—acetylene flame through the following possible reactions (disre-
garding possible influences of the combustion of the flame gases):

Zr/Ca=0.6=> 3CaCly + 2Zr(NO3)4 + 3H,0 — 3Ca0-2Zr0, + 6HCI + 8NO, + 20,
Zr/Ca=1.5= 2CaCl + 3Zr(NO3)4 + 2H,0 — 2Ca0-3Z10, + 4HCl + 12NO, + 30,

As was mentioned earlier concerning the formation of Ca titanates, the de-
pression of the absorption (or emission) signal of Ca in the presence of Zr can be
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explained in the same manner. Namely, in this case, the interference effect of Zr
must be attributable to the slower volatilization of the formed thermostable cal-
cium zirconates. !>

A study of releasing action of some common reagents in eliminating
interferences from Ti and Zr

In order to investigate the releasing action of La in eliminating interferences
from Ti, a lanthanum chloride solution (in the presence of 4 pg Ca ml~! as indica-
tor) was titrated with a TiCly solution containing 400 pg Ti ml~!, whereby the Ca
absorption at 422.7 nm was followed. The obtained titration curves are characte-
rized by an inflection point a (Fig. 5). The absorption of Ca evidently increased at
first and then, during the reaction of La with Ti, it remained nearly constant (until
the inflection point a was attained). Thereafter, with further addition of titanium, the
absorption of Ca commences to decrease, due to the reaction of Ca as indicator.

Ca absorption
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Fig. 5. Titration of 20 ug La ml'! in presence of 4 ug Ca ml'! (1) and 4 ug Ca ml'! as a blank (2)
with TiCly standard solution (400 pg Ti mI'!).

The mole ratios Ti/La can be determined at point a by subtracting the blank
volume, which refers to the titration of 4 pg Ca mI~! without La, with the same
concentration of Ti, as inhibitor (Fig. 5, curve 2). The mole ratios between Ti and
La at point a remained nearly constant, which suggests that a thermostable com-
pound is formed between lanthanum and titanium — LayO3-TiO; (Table V).

The effectiveness of Ba, Sr and La as releasing agents was investigated du-
ring titration with Zr solution as inhibitor. For this purpose, standard solutions of
Ba, Sr or La with 2 pg Caml™! (as indicator) were titrated with 500 pg Zr ml~1.
The changes in the Ca absorption were continuously registered and at the chara-
cteristic inflection points, mole ratios of Zr and the releasing agent were determi-
ned (Table VI).

It is evident from the mean mole ratios shown in Table VI that Zr reacts with
barium approximately in a 1:3, with strontium in a 1:1, and with lanthanum in a
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1:2 ratio. Based on these quantitative data, the releasing agents may be sequenced
as: Sr > La > Ba regarding their effectiveness in eliminating the interference of
Zr during the determination of Ca. This is because 97.3 g Sr, 277.8 g La and as
much as 457.8 g Ba, are required to eliminate the interference from about 91.2 g
Zr in the form of Zr(NO3)4.

TABLE V. Mole ratios Ti/La obtained by titration of lanthanum chloride in the presence of 4 pg Ca ml™!
(as indicator) with a TiCl, solution (400 pg Ti mI'!)

La concentration / pg ml! Mole ratios Ti/La
5 0.5
10 0.6
15 0.5
20 0.52
25 0.6

4RSD value for five replicates is 3.4 %.

TABLE VI. Mole ratios Zr/Ba, Zr/Sr and Zr/La obtained by the titration of the corresponding
releasing agents in presence of 2 ug Ca ml™! (as indicator) with a Zr(NO3)4 solution (500 pg Zr ml'!)

Ba, Sr, La Concentration / ug ml"!  Mole ratios Zt/Ba  Mole ratios Zr/Sr ~ Mole ratios Zr/La

10 0.3 1.02 0.6
20 0.3 0.9 0.5
25 0.4 0.9 0.5
30 0.3b 0.8 0.5¢
Mean values 0.34 0.9¢ 0.5f

RSD values for five replicates and mean values are: 3.22, 0.8° and 1.4<, 4.39, 7.1¢ and 4.3 %.

According to the calculated mean mole ratio values presented in Table VI,
the reactions between the releasing elements (Ba, Sr or La) and Zr most probably
occurring during evaporation of the aerosol in an air—acetylene flame, disregard-
ding the effects of combustion of the flame gases, can be expressed as follows:

Zr/Ba=0.3 = 3BaCl, + Zr(NO3)4 + 3H,O — 3Ba0O-ZrO, + 6HCI + 4NO; + Oy

Zr/Sr=0.9 = SrCly + Zr(NO3)4 + H O — SrO-ZrO; + 2HCI + 4NO; + Oy

Zr/La=0.5 = 2LaCl3 + Zr(NO3)4 + 3H,O — Lay03-ZrO; + 6HCI + 4NO;, + Oy
CONCLUSIONS

Titration methods based on an inhibition effect were used for the study of the
interferences from Ti and Zr during Ca determination by flame spectrometry in
air—acetylene flame. Titration curves of a characteristic shape with distinct infle-
ction points were obtained. The mole ratios Ti/Ca or Zr/Ca at these points were
used to explain the processes occurring during evaporation of the aerosol in the
flame. It may be concluded that variable thermostable mixed oxides xCaO-yTiO,
are formed during the determination of Ca in the presence of Ti. The values of
the X and y coefficients vary, depending on the concentration of the element
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being titrated (titrand) or the concentration of the element in the titrant solution.
Unlike Ti, during Ca determination in the presence of Zr, it seems that thermo-
stable mixed oxides with a constant composition are formed, such as 3Ca0-2ZrO,,
2Ca0-3ZrO, and CaO-ZrO,. The formation of these oxides probably occurs due
to a much higher melting point of zirconates.

Elimination of the interference of Ti during the determination of Ca with La as
the releasing agent was examined using the continuous atomic absorption inhibi-
tion release titration method. Releasing action of La occurs through reactions ba-
sed on a change of the equilibrium in the evaporating aerosol, which results in the
formation of thermostable mixed oxide LayO3-TiO,. The different releasing acti-
ons of Ba, Sr and La were investigated during calcium titration with Zr(NO3)4. It
can be concluded that Zr reacts with Ba at an approximately 1:3, with Sr at 1:1 and
with La at 1:2 mole ratio. These quantitative data suggest the following sequence
series: Sr > La > Ba, considering the releasing action in the elimination of the inter-
ference of Zr. This parameter is important both in scientific and economic terms.

Acknowledgement: The authors are grateful to the Ministry of Science of the Republic of Serbia for
financial support.

N3BOJ

CMETHE Ol THTAHA Y TUPKOHUJYMA IIPU OAPEBHUBABY KAJILIMIYMA
INTAMEHOM CIIEKTPOMETPUIOM

JVUMHWTPUIE b. CTOJAHOBWH!, JEJIEHA C. MUJIMHOBIR! 1 CHEXXAHA . HHKOHHTI*MAH,HI/ITIZ

11/1chfmmym 3a ilecitiuyuoe u AUy Husoiline cpedure, banaiticka 316, 11080 beozpao—3emyr u
2Xemujcxu akyaitieii, Ynusepauitiein y beozpady, Cinyoeniticku wwipz 16, 11000 beozpao

VY oBOM pamy Cy 3a IpoydYaBamke CMETH:H O] TUTaHA ¥ IUPKOHHjyMa, TIpH oJpehuBamy Kam-
jyMa aTOMCKOM arCOpIIMOHOM M €eMHCHOHOM INTAMEHOM CHEKTPOMETPH)jOM, pazpaljeHe MeToze TH-
Tpanuje, Koje ce 6asupajy Ha eekTy HHXHOUNHMje. Y ToM Iuiby onpel)eHe 3ampeMuHe pacTBopa HH-
xuburopa, Ti win Zr, KOHTHHYaJIHO Cy TUTPOBAaHE PAacTBOPOM KallKjyMa U OOpHYTO, y3 CHMYJITa-
HO pacIplINBabe TUTPaHAA y Ba3dyX—aLeTHICHCKH iameH. McroBpemeHo, npahene cy npomene y
arcopIILMjH, OJHOCHO EMUCHjU KaJlKjyMa Ha qucIuie]y padyHapa. Ha oBaj HaumH cy mobujeHe TH-
TpaIMOHe KPUBE Ca M3PAXKEHUM IPEBOJHUM TaukaMa, y KOjiMa Cy M3padyHaTH MOJICKH OJHOCH W3-
mely nHXHOHUTOpa (THTaHa, ONHOCHO IIUPKOHHUjyMa) U Kaiujyma. JloOMjeH: MOJICKH OHOCH Cy HC-
kopuinfieHH 3a 00jalibehe KBAHTHTATHBHAX MPOMEHA JI0 KOjHX JI0JIa3H y TOKY HCIapaBarba Karu
pacTtBopa y miaMeHy. YIIOpeaHa MpoydaBamka MOCTyIaka 3a eIMMUHACalke cMeTHhH o Ti u Zr cy Bp-
[IeHa METOJOM aTOMCKe arcopnuuoHe “ocnobalhajyhe” nHxubOUTOpCKe TUTpauuje. Y TOM LHUIBY,
pactBopu “ocnobahajyhux” pearenaca (6apujyma, CTpOHIHMjyMa HJIM JIAHTaHA) Cy TUTPOBAHU pac-
TBOPOM ILIMPKOHHjyMa Y3 perucTpoBame npomeHa y arncopnuuju Ca, kao vHANKaTopa. Y TBpheHo je
na La yxmama cMmetsse of Ti u Zr npu onpehuBamy kanmujyma, pearyjyhu ca Ti u Zr y MoiackoM
oxuocy 1:2, mpu uemy Ca ocraje “crnobonman”. Ha nctu Haunh, nokasaHo je na Ba u Sr pearyjy ca
Zr y pa3nYuTHM OZHOCHMA, Y TOKY clieKTpoMeTpujckor oapehuBama Ca. Ha 6a3u n3padyHaTux Mod-
CKHMX OZIHOCa M3Mel)y mupkoHHjyMa U GapHjyma, OZHOCHO CTPOHIMjyMa WITH JIaHTaHa, yTBpheHo je
na ce oxrosapajyhu “ocnobalhajyhu” pearencu, npema epHKacHOCTH y Cy30Hjalby CMETEbH, MOTY
cBpcraTH y HU3: Sr > La > Ba, mTo je 3HauajHO KaKko ca Hay4HOT, TaKO U ca eKOHOMCKOT' CTAaHOBHIIITA.

(ITpumibeno 8. nenemopa 2006, peBuaupano 12. pebpyapa 2007)
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