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UV-VISIBLE SPECTROPHOTOMETRY WITH ARSENAZO III
FOR THE DETERMINATION OF SAMARIUM ™~
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UV-visible spectrophotometry with Arsenazo 11l is used to determine the samarium concentration. The
results confirm that the concentration of Sm’" in the aqueous solution from 2.7x10°° to 10.8x10°° mol/L
obeys the Lambert—Beer law. The quantitative relationship between the absorbance and concentrations of
Ca’"and F~ in the solution with 2.7x10"° mol/L Sm®" has been obtained. The absorbance of the solution with
10.8%10°% mol/L Sm’" is Zfound to be 0.58, which is not affected by the concentrations of Ca’* and F". So, if
the concentration of Ca’ and F~ were known, the quantitative relationship between absorbance and Sm’*
concentration can be obtained, which is convenient for determining the Sm’* concentration in aqueous solu-
tion with Ca®* and F~ by UV-visible spectrophotometry.
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Introduction. Samarium is widely used in industrial production, such as cobalt alloys [1-4], lumines-
cent materials [5, 6], ceramic materials [7], permanent magnets [8], and so on. The molten salt electrolysis is
a traditional preparation process of the samarium metal and alloys in the previous studies
[9-15]. Our group has reported the preparation and characterization of SmyFe;; alloy in LiF—CaF,—SmF; and
CaCl,—CaF,—SmCl; molten salt [16, 17], where the current efficiency in the electrolysis process is difficult to
calculate, which is related to the samarium concentration in the molten salt. We have also reported on the
preparation and characterization of SmF; by solid-solid synthesis (NH4HF; + Sm,05) [18], but the fluorina-
tion percentage was hard to determine. With the aim of solving these problems, we paid attention to the sa-

** Full text is published in JAS V. 86, No. 3 (http://springer.com/10812) and in electronic version of ZhPS V. 86,
No. 3 (http://www .elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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marium analysis. There are many methods to determine Sm>* such, as ICP-AES, ICP-MS, XRF, and spec-
trophotometry [19-23]. Spectrophotometry has many advantages such as fast, sensitive, and simple equip-
ment, and it has been used a lot for qualitative and quantitative analysis [24—28]. The peak intensity at
654 nm was used to analyze lanthanide complexes by a UV-visible spectrometer due to Arsenazo III as a
chromophoric indicator without affecting the absorbance peak intensity at this wavelength [29-31]. Kendrick
et al. reported that the spectrum of the lanthanide complex with Arsenazo III was grossly and variably af-
fected by Ca** [32]. Rohwer et al. investigated that the effect of anions on the absorbance increases in the
following order: ClO4; <NO3; = =® NCS < CI << SO427 << F [30]. The concentration of Sm element re-
maining in the melt can be determined by spectrophotometry. Despite all this, when Ca®" and F~ existed in
the samples for analysis, it involved serious interference to identify the concentration of Sm’* by spectropho-
tometry due to the change in the absorbance, so that an extracting method [33-35] or adding masking agents
[36] was used to eliminate the interference, resulting in a complex program of analysis for determining Sm®"
concentration.

In this present work, a suitable pH was found to dilute the Arsenazo III-samarium solution, and the ef-
fects of Ca®" and F~ on the absorbance were investigated to establish the quantitative relation of the absorb-
ance among Ca®", F, and Sm®" in an aqueous solution to simplify the determination method of UV-visible
spectrophotometry.

Experimental. Chemicals used were analytical-grade reagents. Aqueous solutions were prepared using
deionized water. The sample was dissolved by hydrochloric acid in a solution adjusted to pH 2.8 with deion-
ized water, then added to the mark in a 100 mL volumetric flask as a buffering solution for investigating
spectrophotometric titrations. Because CaF,-containing samples dissolved poorly, a proper amount of per-
chloric acid was added to the aqueous solution, and the whole heated at 80°C in a thermostatic water-bath
for 2 h, then adjusted to pH 2.8 by sodium hydroxide.

A UV765 UV-vis spectrometer from INESA Analytical Instrument Company was used to measure the
absorbance of the analytical solution against deionized water as a reference, where the Lamber—Beer law is
as follows:

A =1g(ly/l) = kNC, (1)

where 4 is the absorbance, /; and /; are the intensities of incident light and transmission light, N and C are
the thickness (1.0 cm) and the concentration (g/L) of the solution, and £ is the absorbance coefficient.

In this work, Arsenazo III (Cy;H;3As;N4014S;) was used as a chromophoric indicator due to its high
sensitivity and low selectivity for the determination of various lanthanides over a wider pH range [37-39].

The maximum absorbance wavelength (Anay) for determining Ca**, F~, and Sm’" in the aqueous solution
was first measured for improving the determination accuracy. The concentration of Arsenazo III was
changed at 6.44x10*, 12.88x10™*, and 25.76x10 * mol/L in deionized water to prepare the analysis solution,
where 3 mL was taken to carry out the UV-vis scan to optimize the chromophoric agent amount. The con-
centrations of SmCl; at 2.70x10°°, 6.80x10°°, and 10.8x10° mol/L were changed in the aqueous solution to
prepare the buffering samples for investigating the Sm®" effect, because the measured values obey the Lam-
ber—Beer law (Eq. (1)) with ~0-10.8x107° mol/L of Sm3+[39]. For comparison of the Ca®, F, and Sm’" ef-
fects on Apa, 47 mg/L of NaF or CaCl, was added to the aqueous solution, respectively, with
2.70x10"° mol/L SmCl; and SmCls-free to prepare the buffering samples.

The concentration of NaF, CaCl,, or CaF, was changed at 10, 24, and 47 mg/L in the aqueous solutions,
respectively, with 2.7x 10° mol/L SmCl; and SmCls-free to prepare buffering samples to investigate the ef-
fects of Ca*" and F~ concentration on the absorbance. Simultaneously, the concentration of Sm’* was
changed as 2.7x10°°, 4.1x10°°, 5.4x10°°, 6.8x10°°, 8.1x10°°, 9.4x10°°, and 10.8x10°° mol/L in the aqueous
solutions with different mass ratio of CaCl, to CaF, as 0/100, 59/41, 68/32, 77/23, 85/15, 93/7, and 100/0,
respectively, while the total amount of CaCl, and CaF, was held constant at 100 mg/L.

Finally, 1 mL Arsenazo III aqueous solution with the concentration of 12.88x10~* mol/L was added into
492-3 , of the above buffering solutions to prepare the analytical solutions, which were adjusted to pH 2.8 by
hydrochloric acid or sodium hydroxide; 3mL of the analysis solution was taken to carry out the UV-vis scan
to study the effects of Sm3+, Ca2+, and F~ concentration on the absorbance.

Results and discussion. The effect of pH on the Arsenazo IlI-samarium solution was studied from the
spectral change of an aqueous solution with 12.88x10™* mol/L Arsenazo III and 2.7x10 ® mol/L SmCls, as a
function of pH. The peak at 654 nm reached its maximum at pH 2.8 (Fig. 1a). It was chosen for all samples.
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Figures 1b—d show that the wavelength of the maximum absorbance (Ay.x) changed with Arsenazo III,
Sm3+, Ca2+, and F concentration in the aqueous solutions. The A,,x values for Arsenazo III and Sm®” in the
aqueous solutions appeared, respectively, at 534 and 652 nm, and their absorbance values increased with
increase in concentration as shown in Fig. 1b,c. The Amax values for Ca*" in the aqueous solutions appeared
at 646 nm close to that of Sm>" (the intersection of peak shoulder extension lines), while that of F~ and Na"
in the aqueous solutions had not appeared as shown in Fig. 1d. Interestingly, the absorbance curves of the
Arsenazo III-NaF solutions are the same as that of the Arsenazo IlI-aqueous solution between wavelengths
of 600 and 700 nm. However, the effects of Ca’" and F on the absorbance at Amax Of Sm>" in the aqueous
solutions are obviously different, i.c., increased after addition of Ca”" but decreased after addition of F into
the aqueous solutions, so the mechanism can be deduced that Ca®" combined with Arsenazo III to form a
complex for the absorbance increase, while F~ acts on Sm’" to degrade the complex for the absorbance de-
crease. The above results can also be confirmed by the absorbance change at A, of Arsenazo III. The ab-
sorbance decreased after addition of Sm*" and Ca", while it increased after addition of F~ in the aqueous
solutions. This also indicates that the Arsenazo III complex stabilization would be influenced by Sm®", Ca*",
and F". In addition, it was also observed that when the wavelength was close to 700 nm, the effect of the
peak from Ay.x of Arsenazo III on the absorbance at Ap.x of Sm>" had decreased, so the absorbance at
660 nm was used in this work to study the spectrophotometric behavior for the determination of Sm®" con-
centration in order to enhance the measurement accuracy.
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Fig. 1. Dependences of wavelength on absorbance of Arsenazo III, Sm®", Ca®", F~ concentration or pH

in aqueous solutions: (a) pH vs absorbance of the aqueous solution; (b) effect of Arsenazo III; (c) effect

of SmCl; concentration in the aqueous solution with 12.88x10™* mol/L Arsenazo III; (d) effects of different

species (47 mg/L) in the solutions, respectively, with 12.88x10~* mol/L Arsenazo I1I or 12.88x10* mol/L
Arsenazo 11T and 2.7x10°° mol/L SmCls.
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Fig. 2. Dependence of the absorbance at 660 nm on the concentrations of F~, Ca>", and both Ca>" and F~
in the aqueous solutions without Sm®" and with 2.7x10™° mol/L Sm®"

Figure 2 shows that the absorbance at 660 nm changed with the concentrations of NaF, CaCl,, and CaF,
in the aqueous solutions, respectively, without Sm>* and with 2.7x10"° mol/L Sm®". This clearly shows that
the absorbance increased with increase in Ca®" concentration, while it had not changed with increase in F~
concentration in the aqueous solution without Sm**. However, the absorbance decreased with increase in F-
concentration and increased with increase in Ca®" concentration in the aqueous solution with 2.7x10°® mol/L
Sm®". This shows that the mechanism of Sm*" and Ca" in enhancing the increase in absorbance is the same
but different from that of F . The experimental result also shows that the absorbance after additions of Ca*"
and F~ (CaF,) simultaneously into the aqueous solution is smaller than that after addition of Ca®" (CaCl,)
only into the aqueous solution.

The absorbance of the aqueous solutions with different concentrations of Sm3+, Ca2+, and F is listed in
Table 1 and plotted in Fig. 3. They show that the absorbance of the aqueous solutions increases linearly with
increase in Sm>" concentration, greater than that of Ca?t concentrations, which result in decreases in Ca*’
and F~ effects on the absorbance with increase in Sm®* concentration, so that both effects can be ignored at
C(Sm3 = 10.8x10°° mol/L. The relationships between the absorbance and Sm”" concentration at two differ-
ent concentration ratios of CaCl, to CaF, consist of an absorbance triangle together with the relationship be-
tween the absorbance and the different concentration ratios at 2.70x10°° mol/L of Sm*" concentration.
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Fig. 3. Effect of CaCl, to CaF, mass ratio on the absorbance of the aqueous solutions
with different Sm®* concentrations.
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TABLE 1. Absorbance of Aqueous Solutions Measured at Different Concentrations of Sm3+, Ca2+, and F~

Ccact/Cearyy |  Ca™, F, C (Sm’"), 10 *mol/L

mgL | 10°molL [10°molL| 27 | 41 | 54 | 68 | 81 | 94 | 108
100/0 0.901 0 0.232 0.291 0.356 0.414 0.472 0.526 0.582
93/7 0.928 0.180 0.230 0.300 0.361 0413 0.467 0.531 0.584
85/15 0.958 0.384 0.227 0.290 0.341 0.402 0473 0.532 0.581
77/23 0.989 0.590 0.225 0.288 0.351 0.404 0.472 0.537 0.589
68/32 1.023 0.820 0.222 0.276 0.338 0.387 0.447 0.510 | 0.571
59/41 1.058 1.052 0.219 0.275 0.330 0.379 0.446 0.512 0.576
0/100 1.282 2.564 0.200 0.265 0.330 0.391 0.455 0.513 0.577
0/0 0 0 0.146 0.213 0.285 0.359 0.432 0.499 | 0.580

It is supposed that the effect of Ca®” or F~ concentration on the absorbance has a linear relationship ac-
cording to the above result, as shown in Fig. 2. We can obtain a quantitative relationship of the absorbance
of the aqueous solutions with different concentrations of Ca®" and F~ at 2.70x10 ° mol/L Sm’" as follows:

A =0.146 +kc,C(Ca>) + ke C(F), )

where A4 is the absorbance value of the aqueous solution; k¢, and kg are effect factors of Ca* and F respec-
tively to the absorbance,

C(Ca*™) = (4 — 0.146)/kcy — krC(F ) kc. (3)

The C(Ca*") and C(F) dependences of the absorbance at 2.70x10° mol/L of the Sm®" concentration are
shown in Table 1 and plotted in Fig. 4a. Though k¢, and kr were constant in Fig. 2 for a single component of
Ca®" or F, the real values changed with the ratio of C(F") to C(Ca®") as shown in Fig. 4b. This shows that
Ca” and F~ have interacted.
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Fig. 4. Relationship between C(Ca2+) and C(F") concentrations (a), changes of k¢, and k¢
with the ratio of C(F) to C(CaH) (b) at 2.70% 10 mol/L of Sm®* concentration.

Furthermore, k¢, and kr were substituted into Eq. (2) as variables, and the quantitative relationship be-
tween the absorbance and the concentrations of C(F") to C(Ca2+) was obtained at 2.70x10™° mol/L of Sm>"
concentration as follows:

A=0.146 +97.23-C(Ca®") — (32.25 — 2.64r) - C(F), 4)

where r is the concentration ratio of C(F") to C(Ca%).

According to Eq. (2) it can be deduced that the absorbance should be extended to 0.146 at “b” point in
Fig. 3 (corresponding to the absorbance of the aqueous solution without Ca®" and F"). The absorbance trian-
gle is formed by the three sides of ab, bc, and ac, in which the absorbance of @ and b points can be calculated
to be 0.234 and 0.146 by Eq. (2), and the absorbance at ¢ is 0.580 at 10.8x10"® mol/L of Sm®* concentration
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as showed in Fig. 3. Then the quantitative relationship between the absorbance and the Sm*" concentration
on ac and bc can be obtained as follows:

For ac, A = 0.118 + 42765-C(Sm™"), (5)
For be, A =0.001 + 53581-C(Sm™"). (6)

On the contrary, when the concentrations of Ca’" and F in the Sm®"-containing aqueous solution are
known, the absorbance at 2.70x10°® mol/L of Sm*" concentration is calculated by Eq. (4). Then a linear equ-
ation of the quantitative relationship between the absorbance and Sm®" concentration such as Eq. (5) or (6) is
obtained with the absorbance 0.580 at 10.8x10 ® mol/L of Sm*>" concentration. So, if the absorbance of the
Sm3+-containing aqueous solution is measured by UV-vis spectrometry, it can be combined with the linear
equation to obtain a certain concentration of Sm”" in the solution. For example, according to the concentra-
tions of Ca”" and F in the Sm®*-containing aqueous solution, the absorbance (f) at 2.70x10"° mol/L of Sm®"
concentration is calculated by Eq. (4), and a linear equation (for the fc line) of the quantitative relationship
between the absorbance and the Sm®* concentration such as Eq. (5) or (6) is obtained, in which the absorb-
ance (c) is 0.580 at 10.8x10°° mol/L of Sm®" concentration. Moreover, the absorbance () of the Sm’'-
containing solution is measured by UV-vis spectrometry. It is combined with the linear equation of the “h”
point to obtain the concentration (%) of Sm’" in the solution.

The above result shows that the method can be used to detect the concentration of Sm®" in the aqueous
solution containing Ca®", F, or both of Ca®" and F~ in the range of Sm’" concentration from 2.7x10°° to
10.8x10°® mol/L. The maximum deviation of the experimental values was found to be +0.49x10°° mol/L as
shown in Table 2, and the relative error is not larger than 7.2%. Therefore, this is a potential method to de-
tect the concentration of Sm>" in molten salts containing Sm®" such as SmCl;—CaCl,, SmCl;—CaF,, or
SmCl;—CaCl,—CaF, for extraction of rare earth metals.

TABLE 2. Error Analysis for the Detection of Sm®" in the Solution Containing Ca” and F°

C(Sm™)added | 4.1x10°mol/L | 6.8x10°mol/L | 9.4x10 *mol/L

Caz+, F, Detection values C(Sm* )= f[A]*
107 10° o] asm™, T T Tasm™, T T asm®),

mol/L | mol/L 10 *mol/L 10 *mol/L 10 ®mol/L

0.901 0 0.291 4.04 0414 6.92 0.526 9.54 C=2.338><1075(A -0.118)

0.928 0.180 | 0.300 431 0.413 6.93 0.531 9.67 C:2.318x10’5(A -0.114)
0.958 0.384 | 0.290 4.13 0.402 6.70 0.532 9.69 C:2.296x10’5(A -0.110)
0.989 0.590 | 0.288 4.17 0.404 6.81 0.537 9.83 C=2.276x10"(4 — 0.105)
1.023 0.820 | 0.276 3.95 0.387 6.45 0.510 9.22 C=2.255x10(4 - 0.101)
1.058 1.052 | 0.275 3.98 0.379 6.31 0.512 9.28 C=2.236x10"(4 — 0.097)
1.282 2.564 | 0.265 4.07 0.391 6.76 0.513 9.37 C:2.140x10’5(A —0.075)
1.282 8.715 | 0.213 3.96 0.359 6.68 0.499 9.29 C=1.866x10"(4 —0.001)
Max. deviation +0.21 +0.49 +0.43

* This was obtained by the absorbance in aqueous solutions with 2.7x10° and 10.8x10° mol/L of Sm’".

Conclusion. The influences of Na', CI', Ca2+, and F~ on the absorbance of solutions with different Sm**
concentrations and the quantitative relationship were investigated by UV-vis spectrophotometry with Ar-
senazo III. The suitable wavelength of the absorbing peak for the detection of Sm’" concentration in the
aqueous solution is 660 nm, in which Na" and Cl” have no influence on the absorbance in the absence of
Sm>". F also does not influence the absorbance of the solution without Sm3+, but the absorbance of the solu-
tion with Sm>" decreases with increase in F~ concentration and increases significantly with increase in Ca>"
concentration. A quantitative relationship for the influence of Ca®” and F~ concentration on the absorbance of
solution with C(Sm®") = 2.7x10° mol/L was obtained. The influence of Sm’" on the absorbance of the solu-
tion is remarkable compared with that of Ca®" and F. With increase in Sm®" concentration, the absorbance
increases linearly, but the influence of Ca”" and F~ concentration on the absorbance of the solution decreases
and can be ignored at C(Sm”") = 10.8x10 ® mol/L. The quantitative relationship between the absorbance of
solution and Caz+, F, and Sm®" concentrations was obtained for the detection of Sm®>" concentration by
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UV-vis spectrophotometry when Ca®', F, or Ca’" and F existed in the aqueous solution. Its relative error
was not larger than 7.2%.
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