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Abstract: A rapid and sensitive extractive spectrophotometric method has been
developed for the determination of samarium using 0.04%
Chlorophosphonazo III in 1 mol L' hydrochloric acid media after
extraction into isoamylalcohol. Absorbance was measured in 1-cm cell and
the complex has a sensitive absorption peak at 667 nm. The complex of
Sm(IIT)-Chlorophosphonazo III is formed instantly in organic phase and
remains stable at least for 2 hours with constant absorbance under normal
laboratory conditions. Validity of Beer’s law was verified in range 0—10 pg
Sm(II) per 10 mL of the organic phase with an estimated molar
absorptivity &4; ~ 1.14 10° mol’ L' cm™. Limit of detection (3-0
approach) reached 0.22 pg Sm(III). Some foreign cations interference in
samarium determination has been checked. The method has been applied
on spiked sample of mineral water. Obtained results of apparent recovery
were found in very good agreement with acceptable range. The percent
relative standard deviation for repeatability was less than £5 % (n = 3).
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1. Introduction

Besides its industrial applications samarium is used first of all in microelectronics as
dopant and in optics. Samarium(II) occurs in nature in the Earth’s crust in the form of
the mineral monazite with different proportions and it is followed by uranium, thorium
and other lanthanides. Determination of samarium is a specific analytical problem due
to its chemical similarity to the other rare earth metals and uranium. Therefore, high
precision and low detection limit are required for samarium determination in most of
real samples. Samarium is exclusively determined by inductively coupled plasma with
mass spectrometry (ICP-MS) and inductively coupled plasma with atomic emission
spectrometry methods [6,12]. However, spectrophotometric determination represents
suitable and relatively cheap alternative in comparison with above mentioned methods.
The application of organic reagents for spectrophotometric determination of samarium
is well known. Chlorophosphonazo III (Fig. 1) belongs to azo-dyes based on
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chromotropic acids. It is commercially available and soluble in water and diluted acids.
The reagent has ability to form stable chelates and can work in strongly acidic medium
eliminating the chances of partial hydrolysis of metal ions to be determined. Its
analytical properties were described for the first time by soviet research group led by
Alexander Nemodruk [9].

Ci POH, on on HOP Cl
N N
PO
HO,S SO,H

Figure 1. Structure of Chlorophosphonazo I1I.

Chlorophosphonazo III is a complexing reagent primarily suggested for the
spectrophotometric determination of lanthanides [3-5], actinides [1, 11] and alkaline
earth metals [10,17]. The utilization of Chlorophosphonazo III as a complexing reagent
for spectrophotometric determination of various elements was markedly preferred in the
1960s and 70s. The reagent has valuable advantages such as an excellent time stability
of the absorbance and a relatively wide linear range, while the major disadvantage is its
rather high price. Chlorophosphonazo III still has a justified place among the
complexing agents utilized in trace analysis and the interest in its analytical applications
significantly grows in recent years. The first use of Chlorophosphonazo III for
extractive spectrophotometric determination of samarium and other lanthanides from
media of diluted hydrochloric acid into organic solvent has been published by Taketatsu
and co-workers [14]. The extraction of Sm(III)-Chlorophosphonazo III complex led to
an increase of selectivity and sensitivity of the relevant determination. Similar effect
was observed at extractive spectrophotometric determination of thorium with
Chlorophosphonazo III into isoamylalcohol [16]. While the successful applicability of
Chlorophosphonazo III for spectrophotometric quantification of samarium in different
matrices is indisputable, the number of works dealing with detailed evaluation of
particular determinations by means of Chlorophosphonazo III with extraction into
organic solvents is surprisingly limited [15]. The presented study is devoted to
evaluation of important validation parameters for extractive spectrophotometric
determination of samarium using Chlorophosphonazo III with extraction of formed
complex into isoamylalcohol.

2. Experimental

2.1. Reagents

All used reagents were of analytical grade and all solutions were prepared in deionised
water. Samarium stock solution with concentration 10 pg mL"' was prepared by
appropriate dilution of standard solution (Fluka Analytical, Austria) and it was
stabilized with addition of concentrated nitric acid (Merck, Germany). The
concentration of solution of the Chlorophosphonazo III (Dojindo Laboratories, Japan)
was 0.04% (w./v.). The medium of measured solutions has been adjusted by addition of
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concentrated hydrochloric acid (Mikrochem, Slovakia). The foreign ions stock solutions
were prepared by dilution of their standard solutions (Fluka Analytical, Austria).
Isoamylalcohol (Panreac Quimica, Spain) was used for the extraction of formed
Sm(IIT)-Chlorophosphonazo III complex.

2.2. Apparatus

All absorbance measurements were performed using the Cary WinUV 50 (Varian Inc.,
Australia) double-beam spectrophotometer equipped with 1-cm quartz cells. Every point
of calibration curve was measured for five times and the average values were taken into
account in next calculations. Laboratory centrifuge Universal 320R (Hettich, Germany)
was used for removing of droplets of water from organic phase. Deionised water with
specific conductivity < 0.054 uS cm™ was prepared by means of ultrapure water system
Millipore Simplicity 185 (Millipore, Germany).

2.3. Recommended procedure

Place a sample containing 0 — 10 pg of samarium in a 100 mL Squibb-type separatory
funnel. Adjust the aqueous phase to 1 mol L™ with appropriate addition of concentrated
hydrochloric acid. Add 1.5 mL of aqueous 0.04 % Chlorophosphonazo III solution and
mix. Add exactly 10 mL of isoamylalcohol and shake for 2 minutes. Remove aqueous
phase and treat the organic phase by centrifugation (4500 rpm, 5 minutes). Measure the
absorbance of the clear organic phase at 667 nm against a reagent blank as a reference.
Obtain the samarium quantity from a calibration curve by method of external
calibration. In case of matrix effect is necessary to apply the method of standard
addition. After equilibration, the volume of the organic phase decreased due to the slight
solubility of isoamylalcohol in water. In order to avoid the use of volume change
correction is advantageous to consider absolute amount of samarium (my) instead the
molar or mass concentration in all next calculations.

2.4. Real sample analysis

To assess the applicability of the presented method, mineral water sample was analyzed
from the brook “Brusnianka” using the recommended procedure. The sample was
spiked with different known amounts of samarium.

3. Results and discussion

The most important chemical variables were assessed to obtain the highest sensitivity
for the determination of samarium. Sm(III)-Chlorophosphonazo III complex in
isoamylalcohol showed two absorption peaks, namely at 616 nm and 667 nm (Fig. 2).
Due to the higher value of analytical signal and favourable value of background
absorption (dashed line) the latter wavelength was selected.
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Figure 2. Absorption spectrum of Sm(Ill)—Chlorophosphonazo Il complex against a
reagent blank. my Sm(IlI) = 10 ug; c(HCI) = 1 mol L”';
V(Chlorophosphonazo IIl) = 1 mL.

3.1. The effect of acidity

As shown in Figure 3, absorbance of samarium complex in the organic phase reached
the maximal value at hydrochloric acid concentration of 0.5 mol L', but at this
concentration of acid remained some Chlorophosphonazo III in aqueous phase. For this
reason 1 mol L™ hydrochloric acid was used in further investigations.
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Figure 3. Effect of acidity of aqueous phase on absorbance of organic phase.
my Sm(IIl) = 10 ug; V(Chlorophosphonazo IlI) = 1 mL.
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3.2. The effect of amount Chlorophosphonazo III

In the Fig. 4 is showed that absorbance of organic phase is almost constant when 1.4 mL
of complexing agent solution is added into aqueous phase. For convenience, the volume
of 1.5 mL of 0.04 % Chlorophosphonazo III solution was used for subsequent
measurements.
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Figure 4. Effect of added volume of Chlorophosphonazo III on the absorbance of
organic phase. my Sm(Ill) = 10 ug; c¢(HCI) = I mol L.

3.3. Shaking and recovery

The degree of extraction of Sm(III)-Chlorophosphonazo III into isoamylalcohol was
examined by the following experiment: 10 pg of samarium was extracted according to
the recommended procedure and samarium remaining in the aqueous phase was
examined by adding another Chlorophosphonazo III solution, extracting with 10 mL of
the organic solvent and measuring the absorbance of the organic phase. It was
confirmed that extraction is quantitative in two steps and the degree of extraction in the
first step is ~ 90 %, but this finding is not critical for analytical application of suggested
method. Extraction of samarium complex is very rapid. Shaking for 30 seconds was
enough to attain equilibrium when the complexing agent was added to the aqueous
phase and shaked with addition of isoamylalcohol.

The validity of Beer’s law was established from 0 to 10 ug of samarium in organic
phase by application of recommended procedure (Figure 5). Calculated equation of
regression reached value: A = 0.77 £ 0.001 my + 0.007 (data in parentheses represent
uncertainty of parameters). Coefficient of determination had value R* = 0.9990. Value
of molar absorptivity was estimated from equation of regression
&67 ~ 1.14 10° mol”" L' em™. It was not revealed presence of any constant systematic
error(s) by application of Student #test (significance level a = 0.05).
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Figure 5 Absorbance of Sm(IIl)-Chlorophosphonazo Il complex as a function of
samarium absolute amount against a reagent blank.

The values of limit of detection (LOD) and limit of quantification (LOQ) were
calculated by 3-c and 10-c approach [2] and ULA2 approach [8] as well. In the case of
computation by 3-c and 10-c approach residual standard deviation (s,), standard
deviation of y-intercept (s,) and standard deviation of blank (sy,.) were applied [7].
Results of calculations are given in Table 1.

Table 1. LOD and LOQ values calculated by using two different approaches.

3-cand 10-o approach ULA?2 approach
Sy LOD [pg] 0.22 LOD (a=0.05) [ng] 0.34
LOQ [pg] 0.72 LOQ (a=0.05) [ug] 1.03
. LOD [pg] 0.39 LOD (a=0.01) [ug] 0.61
v LOQ [pg] 131 LOQ (a=0.01) [pg] 1.82
7 —
. LOD [ug] 028 10 blank determinations
b
LOQ [pg] 0.95

Reference measurement of samarium content in the mineral water sample was carried
out by ICP-MS method in accredited laboratory of the State Geological Institute of
Dionyz Star in Spiska Nova Ves (Slovakia). Reference concentration value of
samarium was 3 ng - L. So on the basis of this finding, mineral water sample can be
considered a suitable model for potential matrix effect study. For this reason the sample
of mineral water was spiked with 2; 5 and 7 pg of samarium and then analyzed
according to recommended procedure. Results for obtained apparent recovery and
repeatability are shown in Table 2.
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Table 2. Obtained data for repeatability and trueness of measurement (n=3).

my Sm(II) [ug] apparent recovery [%] | relative standard deviation [%]
2 100.2 +5.2
5 101.6 +1.8
7 98.8 +1.4

Absence or presence of matrix effect was established by the second independent
technique, namely by method of standard addition. On the basis of obtained results it
may be concluded that influence of matrix effect on the trueness of determination was
not confirmed at this type of sample.

The optical density of measured complexes was found constant at least for 2 hours
under normal laboratory conditions within the linear range of the proposed method
(temperature 22°C).

The influence of some potentially interfering ions was checked and their impact is
summarized in Table 3. Three replicate determinations were carried out for each
interfering ion.

Table 3. Effect of chosen cations on samarium determination with Chlorophosphonazo
111 after extraction into organic solvent. mg Sm(Ill) = 5 ug.

foreign ion deviation [%]
Ca(ID® (1:100) +1.4
Fe(IID)(™ (1:30) +3.4
Eu(II)® (10:1) +39.9
La(IID™ (10:1) +3.8
Mg(ID)® (1:100) +2.4
Th(IV)® (10:1) +10.1
uvh® (1:1) +38.5
@as nitrate ~ ™as chloride

The average value of three replicate Sm(III) Chlorophosphonazo III absorbances (not
containing foreign ions) was taken into account as a reference value. Mass ratio between
Sm(IIT) and given interfering ion is listed in the Table 3. The target analyte can
be effective separated from most of interfering ions by means of convenient type
of cation-exchange resin, for example AG50W-X8 (BioRad, Germany) [13].

4. Conclusions

A rapid and sensitive extractive spectrophotometric method was developed
for samarium determination using 0.04% Chlorophosphonazo III in diluted hydrochloric
acid. The gained complex exhibited two absorption peaks, namely at 616 nm and
667 nm, respectively, from which the latest one was a set for all subsequent
measurements. The relevant complex remained under laboratory conditions stable
at least for 2 hours maintaining the constant value of absorbance. Beer’s law
obeyed in the range from 0 to 10 pg per 10 mL of organic phase. Only U(VI), Th(VI)
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and Eu(Ill) interfered seriously in model solutions and the presence of above mentioned
cations led to a significant increase of absorbance. The application of the investigated
method for mineral water sample analysis shows favourable results concerning trueness
and repeatability. However, its utilization for determination of the target analyte in very
complex matrices containing significant quantity of interferences will require
implementation of appropriate separation procedures. Due to the fact that the
concentration of samarium in most of real matrices is negligible, it is necessary to
include the suitable types of preconcentration techniques into analytical cycle.
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