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Spectrochemical Determination of Small Amounts of Calcium in
Sodium Chloride

M. RUZICKA, A. HATVANI

Institute of Physics, Slovak Academy of Sciences,
Bratislava

Method for spectrochemical determination of calcium in sodium chloride
in the concentration range of 0.001 to 0.1 9, mol. CaCl, with the aid of the line
Na 2853 and of one standard is presented. The analytical curve is linear with
the slope of 45° in the concentration range under 0.1 9% mol. CaCl,; owing to
this, it is possible to work with one standard only.

It is important to determine small amounts of calcium in the single crystals of
sodium chloride since these admixtures influence the physical properties of the above
crystals. In this case the spectral analysis has certain advantages: high detection
limit, velocity, small sample sizes necessary for analysis, etc. Lower precision of this
determination is a certain disadvantage but it will be sufficient in most cases.

For quantitative spectrochemical analysis the homologous internal reference line
of the matrix element is often used. This line should be in the vicinity of the line
of the analysis element and it should have an approximatively equal excitation po-
tential [1]. Neither Na nor Cl have available lines near the most suitable Ca lines
(I 4226.73 A — 2.93eV; II 3933.67 A — 3.15eV). For this reason we thought
about taking the Na I 2853.03 A line (doublet 4.35 eV) [2]. Differences in the wave
lengths are considerable. Since the slope and the reaction of the spectral plate are
different in these two areas (Fig. 1), the line intensities have to be determined from
the two calibration curves. For this purpose we used one sample with known Ca
content and we recorded its spectrum on each plate together with that of the sample.
Thus, measuring the intensity Ix of the spectral line of the analysis element in rela-

Fig. 1. Calibration curves for the line
0 T Z Y  Ca4226.73 A (I) and Na 2853.03 & (2).
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tion to the intensity Ir of the reference element (Ix/Ir), the unknown concentration
may be determined.

When we take sufficiently low Ca concentration then at constant conditions of
the experiment the number of the emitting Ca atoms will be directly proportional
to their concentration. Since the concentration of the Na atoms practically does not
change, we can write:

Ix e
T = k [X]. (1)

The constant & may be determined with the aid of the standard with known con-
centration so that the concentration which is to be determined will be:

I, I
X)= L. L. [X7, 2
(X1 I, [X1] (2)
where I, = the intensity of the Ca line in the sample,
I. = the intensity of the Ca Line in the standard,

Lddl

I, = the intensity of the Na line in the standard,
I, = the intensity of the Na line in the sample,
X = the unknown concentration of Ca,

X" = the concentration of Ca in the standard.

At higher concentrations, owing to the influence of different agents (self absorption
ete.), this proportionality will be no more valid [3].

We performed several measurements so as to find out how far this method may
be used in praxis.

Experimental

Preparation of standard samples

Standard samples containing 0.5, 0.15, 0.7, 0.05, 0.03, 0.015, 0.01, 0.005, 0,003 9, mol.
CaCl, were prepared; from among these two were single crystals (0.5 and 0.03 9 mol.
CaCl,) and the remaining standard samples were fast-set melts prepared from the afore
mentioned single crystals to which calculated amounts of NaCl (spectrally pure NaCl by
Analar) were added. These mixtures were then put into platinum crucibles, melted in an
electric furnace and homogeneized. Then the melt was poured into an other platinum
crucible and was allowed to set. The samples were prepared either by grinding a part of
the melt in an agate mortar or by splintering off a single crystal. The powder was put into
the electrodes so as to fill them up to the margin; the single crystal was allowed to protrude
1 mm over the electrode rim.

The standard samples containing 0.5 9, mol. and 0.03 9%, mol. CaCl, were used as single
crystals so as to ensure microhomogeneity (especially in repeated runs) and in order to
lessen the danger of contamination at handling and storing the standard samples. The
distribution coefficient for CaCl, crystal growth from melts is equal to 1 at small con-
centrations and hence it is possible to assume uniform Ca concentration in the crystal
(only 1/3 of the melt crystallized) [4]. Inaccuracies in concentrations which arise by growing
the CaCl, crystals in the melt are but relative, as the other standard samples are prepared
from these single crystals by adding calculated amounts of NaCl to them.
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Experimental conditions

Spectrograph: Q 24 Zeiss, Jena.

Electrodes: SU 204/SU 317, Kablo, Topoléany.

Excitation conditions: arc source ABR-3, arc 30 pulses/min, (burning 1/2 sec, intermit-
tence 3/2 sec), current intensity 9 A.

Electrode gap: 1.5 mm.

Intermediate stop: 2 mm.

Slit width: 7.5 pm.

F-number: 11.

Exposure time: 1.5 min.

Photographic material: ORWO Spectral Platten, Blau Hart, WU-2.

Developer: Rodinal 1 20, development time 6 min. at 20 °C.

The following spectra are recorded on a photographic plate:

1. Fe through a 6-step filter (conditions as above, except for the current intensity) —
7 A and for the exposure time — 20 sec);
2. the standard sample through a three-step filter;
3. the sample containing over 0.01 9, mol. CaCl, through a three-step filter.
Photometer: Schnellfotometer Zeiss, scale P.

From the calibration curves constructed for the lines Ca 4226 and Na 2853 the pertinent
log I, and log I, for the standard sample and for the sample may be determined. The
calcium concentration in the sample may be calculated from the equation (2).

In cases when there are larger amounts of impurities (NaOH, Na,CO,) in the sample,
then the accuracy of the determination is lowered and it is necessary to take a convenient
standard sample which would contain impurities similar to those in the analysed sample.
Magnesium (the line Mg 2852.13 A) interferes with the determination.

Results and discussion

In Tab. 1 the values Icy/Ina for both single crystals containing 0.5 and 0.03 9%,
mol. CaCl, are tabulated. Differences in concentration alongside the crystal are
within the precision limits of the measurement but in spite of this, when standard
samples with lower CaCl, contents were prepared, these were taken from the middle
part of the crystal.

Table 1

Ratio Ica/Ina alongside the crystals grown as standard samples

Ica 4226/ Ina 2853

1 0.5 9% mol. 0.05 9 mol.
\g o (o]
Single crystal NaCl CaCl, l CaCl,
beginning 10.15 2.81
middle part 11.17 2.68

end 12.85 l 2.93
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Influence of the excitation conditions

Since the excitation potentials for Ca and Na are not equal, it is vital to maintain
constant excitation conditions, especially the current density. The dependence of
the ratio ca/Ina for NaCl with 0.05 9, mol. CaCl, on the current intensity at constant
excitation conditions is shown in Fig. 2. In praxis the current density fluctuations
may be kept within the range of 4 5—10 9,. Changes of the intermediate stop
(from 0.8 to 3.2 mm) and changes in the exposure time (1.25—1.75 min) influenced
but slightly the value of Ica/Ina, in the first case the variations made 7 9, in the
latter 12 %,.

Table 2
Dispersion of the values log Ica/Ina at equal exposure conditions
“ — - Deviation from Tcq 3033 I‘ Deviation from
Number log _~Cn 4226 the mean value log = Cni9933, the mean value
“ I~y 2853 % Ixg 2853 %
|
1 0.56 — 3.8 0.56 ' —15.7
2 0.62 + 6.5 0.74 i + 11.5
3 0.61 + 4.8 0.62 \‘ — 6.6
4 0.61 4+ 4.8 0.68 + 24
J 0.61 + 4.8 0.68 + 24
0 0.57 — 2.1 0.66 t — 0.6
7 0.58 —0.35 0.67 . + 1.0
8 0.54 —17.2 0.70 + 5.4
9 0.54 — 7.2 0.66 — 0.6
. Mean 0.582 Sr =+ 69 0.664 | se=+7.6%
| |

From the above data it may be concluded that in the general praxis it will be
possible to keep the excitation conditions constant so that the measurement results.
would be precise to 4 10—15 9. Dispersion of the values I¢a/Ina for nine samples
containing 0.05 9%, mol. CaCl, exposed at identical conditions is shown in Tab. 2.
As we see, the line for calcium at 4226.73 A is most suitable for quantitative spectral
analysis.

o2 T T log o
—
g
1+ i
P 1
2 -
/
° il o O
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2 d
. .
0.001 001 0.1 mol.% GaCl, 1
0 5 10 A

Fig. 2. Dependence of the log Ica/Ina on
the change of current intensity for the
line Ca 4226.73 A (O ) and Ca 3933.67 A (x).

Fig. 3. Uncorrected analytical curve for
concentration determination of CaCl, in
NaCl.
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Supposing that all conditions were fulfilled, the standard deviation of the determi-
nation is 4 6 9, of the measured value.

Construction of the analytical curve

The standard samples were exposed at constant excitation conditions. In the
Fig. 3 the dependence of the logarithm of the coefficient o on the logarithm of the
concentration of CaCl, is plotted, where

I I%
e B B (3)
ICa INa

Designation of the intensities is identical with that in the equation (2).

The lower part of the curve diverges slightly from the straight part owing to the
influence of the background and to the CaCl, contained in the salt Analar. By extra-
polation it was found that the concentration of CaCl, in the salt Analar makes
0.001 ¢, mol. The analytical curve corrected by this value is shown in Fig. 4. The
dashed line indicates the prolongation of the straight part of the curve. As it may
be seen, the straight part of the curve has a slope of 45°

log o
-1k ]
b
7
/

-2r rd - Ig. 4. Corrected analytical curve
// for concentration determination of

CaCl, in NaCl.
| i ! — — — — extrapolation to lower

Qe 001 001 01 mol.% Ca 1 concentrations.

Possibility of extrapolation to lower concentrations

In order to justify the extrapolations to lower concentrations (up to 0.001 9, mol.
CaCl,) we performed the measurements with the aid of the radioisotope %3Ca in the
form of a chloride with activity 0.05 mCi/ml.

We added small amount of the radioisotope 4°Ca to the 10 9, solution of NaCl
(Analar). A part of this solution was incompletely extracted with 8-hydroquinoline
in chloroform [5—7]. By this procedure we got, apart from the initial solution,
a partly extracted solution of NaCl. From each of these solutions we pipetted 10 ml
and we allowed every sample to evaporate separately on a quartz dish. After complete
evaporation to dryness, the Ca concentration was determined spectrochemically
with the aid of an extrapolated analytical curve. For this determination standard
samples containing 0.05 and 0.01 9%, mol. CaCl, were used. By the extraction of 10 ml
of the initial solution and of 10 ml of partly extracted solution we obtained two
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portions of the organic phase which we evaporated to dryness and measured their
activities. The results of these measurements are shown in Tab. 3.

The ratio of the concentrations of CaCl, in the initial and in the partly extracted
solution of NaCl is 5.6, the ratio of the activities in these solutions is 4.7. With
regard to low concentrations and to difficulties in determinations of the activities
of the radioisotope 45Ca, we consider the above agreement of ratios as satisfactory
and in our opinion it justifies the extrapolation of the analytical curve to lower
concentrations.

Table 3
Verification of the extrapolation of the analytical curve
Concentration CaCl,
determined by Activity of the samples
Sample Z ; . ;
spectrochemical analysis (imp/min)
(% mol.)

Standard sample

with 0.05 9%, mol. CaCl, 0.05 —
Standard sample

with 0.01 9% mol. CaCl, 0.0108 —
Non-extracted sample 0.0058 690
Partly extracted sample 0.00104 146

Theoretically, this extrapolation should be possible to infinity, practically there
are several limitations, first as regards the detection limits, which among others,
depend on the quality of the photographic paper, then on the calcium contamination
of the spectral carbon electrodes. We made the experience that the line Ca 4226 may
be still well measured at concentrations of 0.001 9, mol. CaCl, but the estimations
may be made as far as 0.0001 9, mol. CaCl,. Higher detection limit may be achieved
by extraction enrichment with 8-hydroquinoline. We did not study in details this
special problem.

SPEKTROCHEMICKE STANOVENIE MALYCH MNOZSTIEV VAPNIKA
V CHLORIDE SODNOM

M. Razi¢ka, A. Hatvéani

Fyzikédlny ustav Slovenskej akadémie vied,
Bratislava

Vypracovala sa metdda na stanovenie malych mnozstiev CaCl, v monokrystdloch NaCl
v rozmedzi konecentrécii 0,001—0,1 9, mol. CaCl,. Pri stanoveni zaloZenom na metdde
jedného standardu sa pouzila ¢iara Na 2853,03 A ako Siara vnutorného Standardu a Siara
stanovovaného prvku Ca 4226,73 A. Analytickd krivka ziskand pomocou niekolkych
$tandardov je pod koncentriciou 0,1 9% mol. CaCl, linedrna so sklonom 45°. Standardn4
odchylka stanovenia je 4 6 %,.

Opisuje sa aj priprava Standardnych vzoriek a uvddza sa overenie moznosti extrapoldcie

svv.

analytickej krivky do niz8ich koncentrdcii.
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CIIEKTPOXUMHNYECHKOE OIIPEAEJIEHNE MAJIBIX KOJWYECTB KAJBIUS
B XJIOPUIOE HATPUA

M. Pymxuuka, A. 'arBaun

Ousnyeckuii naCTUTYT CIIOBAaLKOIl aKalleMUM HAYK,
Bparucnasa

Brin paspaGoraH MeTon Ajas ompefeneHus Maneix KouuuyectB CaCl, B MOHOKpHCTAILIaX
NaCl B unrepnane kouuerrpauuit 0,001—0,1 9 mor. CaCl,. OnpefeneHne OCHOBAaHO HA
MeTO/le OJHOTO craHmapra. JJiAi ompefieleHMA MCHOJNb30Badn aunuio Na 2853,03 A kak
SMHIO BHYTPEHHEro CTAHAApTA, a TAKiKe JMHMUIO ompefiensieMoro aiemenra Ca 4226,73 A.
AHanuTHuecKad KpHUBAs, IOJyyeHHasd C HOMOIbI0O HECKOJbKUX CTAH[ApTOB, IPU KOHIEH-
Tpauuax Meublue, yeM 0,1 9 mon. CaCl, muHeitHa ¢ HakI0HOM 45°. CTAaHZAPTHOE OTKIIOHEHME
onpepeneHns + 6 9.

B pafore Takie omMcHIBaeTCA INPUTOTOBJEHNE CTAHAAPTHHIX 06pasLoB U IIPOBEPKA
BO3MOKHOCTH 9KCTPANOJIMPOBAHUA aHATUTHUECKOI KPUBOIl Kk 6oJlee HUBKHM KOHIEHTPAIUAM .

Ilepesena T [Junaurneeposa

REFERENCES

1. Nagibina J. M., Prokofev V. K., Spektralnye pribory i tekhnika spektroskopis, 203.
Mashgiz, Moskva 1963.

. Zaydel A. N., Prokofev V. K., Rayskii S. M., Tablitsy spektralnykh linii. Moskva
1952,

3. Nagibina J. M., Prokofev V. K., Spektralnye pribory ¢ tekhnika spektroskopii, 218—226.
Mashgiz, Moskva 1963.

. Eckstein J., Private communication.

. Stary J., Anal. Chim. Acta 28, 132 (1963).

. Pivonkovéa M., Kyr§ M., Chem. listy 61, 20 (1967).

. Morrison G. H., Freiser H., Solvent Extraction in Analytical Chemistry, 199. J. Wiley,
New York 1967.

w

N O O

Received February 22th, 1967
In revised form May 13th, 1968

The author’s address:

Ing. Milan R%2i6ka, Institute of Physics, Slovak Academy of Sciences, Bratislava,
Dubravskd cesta 5.

Ing. Alexander Hatvdni, Duslo, Sala.



