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The simple, rapid spectrophotometric method for palladium(II) ions determination using a new analytical reagent is described.
The interaction of Pd(II) ions with a reagent, of the class of azolidones, 4-(N'-(4-imino-2-oxo-thiazolidine-5-ylidene)-hydrazino)-
benzoic acid, in water medium results in the formation of a complex. The Pd(II)-p-ITYBA complex shows maximum absorbance
at a wavelength of 450 nm. The molar absorptivity is 4.30 x 10> L-mol "-cm ™. The optimal pH for complex formation is 7.0. The
developed method has a wide linearity range of 0.64-10.64 ug-mL™" for PA(II). The detection limit is 0.23 ug-mL™". It was found
that Co(II), Ni(II), Zn(II), Fe(III), Cu(II), AI(III), and many anions do not interfere with the Pd(II) determination. The proposed
method was tested in the analysis of model solutions and successfully applied for the determination of palladium in catalyst. The

obtained results show that this method can be used for serial determinations of palladium in various objects.

1. Introduction

Among the all platinum metals, the palladium has the widest
practical application in various branches of industries.
Palladium is used in the production of autocatalysts and
jewelry, as well as in the orthopedic stomatology for the
manufacture of dental prostheses. Due to its high stability
and good conductivity, Pd is used in many electrical devices,
which makes it an alternative to gold in galvanic elements.
Palladium is also used to create drugs for cancer treatment
[1-4].

In the chemical industry, palladium is a component of
the scheme for the manufacture of nitric acid and petroleum.
It is widely used in the production of synthetic polymers, in
particular rubber and nylon. Alloys that contain palladium
are used during fuel cells creation [4-6].

Significant use of palladium in the chemical industry and
automotive catalysts has led to an increase in the

concentration of this metal in the objects of the environ-
ment. Due to the significant growth of palladium objects,
there is a need for the development and improvement of
methods for its determination. The control of the content of
palladium in mineral raw materials, industrial products, and
waste production is an important task of analytical chem-
istry [4, 6].

The spectrophotometric methods are widely used to
determine the palladium. Palladium provides intense-col-
ored complexes with hydrazones, oximes, thio-
semicarbazones, dithiocarbonates, thiazolilazo, nitroso dyes,
and others [2, 7, 8].

However, existing methods have a number of limita-
tions, such as temperature control, a narrow range of pH,
and low selectivity. Therefore, it is necessary to find new
selective, sensitive, available reagents that would allow the
determination of the content of palladium in complex ob-
jects. In analytical chemistry, organic reagents containing
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the functional-analytical group NH..X (X=S§, N, O) are
successfully used for element determination. These reagents
are azolidones [9]. This class of compounds can be used not
only as reagents for spectrophotometric determination of
elements, but they can also be considered as analytes, since
there is a problem of their determination in biological
substrates because of their biological activity.

Rhodanine is used for noble and heavy metals identi-
fication since it belongs to the class of azolidones and its
derivatives. We can achieve a very high sensitivity deter-
mination (e=10° L-mol™*-cm™) of platinoids [10-12] using
azorhodanine, azothiopropiorhodanine, and their deriva-
tives as a reagent for the platinum metals determination in a
form other than chloride. These azoheterocycles play an
important role in organic chemistry [13-16].

In our previous studies, we investigated the analytical
properties of several new reagents of the class of azolidones
proposed for the spectrophotometric determination of a
number of elements: PA(II), Pt(IV), Ir(IV), Rh(III), Ru(IV),
Co(II), Ni(II), Cu(Il), Hg(II), Cd(II), and Zn(II) [17-29].
The obtained results were characterized by good metro-
logical characteristics; therefore, we continue to synthesize
new reagents of the class of azolidones and investigate them
as analytical reagents. This work is devoted to the research of
palladium ion interaction with reagent 4-(N'-(4-imino-2-
oxo-thiazolidine-5-ylidene)-hydrazino)-benzoic  acid  (p-
ITYBA), which is a representative of the azolidones and was
synthesized for the first time by our research group [30].

2. Materials and Methods

2.1. Apparatus. All spectrophotometric measurements were
performed using a computerized spectrophotometer ULAB
108-UV with 1.0 cm quartz cuvettes. Acidity of the solution
was measured by using a pH-meter model pH-150M
equipped with a combination glass electrode. A CLA-03
oscillopolarograph and computerized polarographic setup
equipped with linear potential scan in three-electrode cell
(dropping mercury electrode: indicator electrode; saturated
calomel electrode: reference electrode; and platinum: aux-
iliary electrode) were used for voltammetric measurements.
"H NMR spectra were obtained using a spectrometer Varian
Mercury VX-400 (400 MHz) in DMSO-ds with tetrame-
thylsilane as reference.

2.2. Reagents. All reagents used were of analytical grade.

A stock solution of palladium(II) was prepared by dis-
solving this metal (99.999% purity) in a mixture of con-
centrated nitric and hydrochloric acids (1: 3, v/v) by heating
on a sand bath. A standard working solution of Pd(II) was
prepared by diluting the stock solution with 1.0 mol-L™" HCL

A stock solution of 4-(N'-(4-imino-2-oxo-thiazolidine-
5-ylidene)-hydrazino)-benzoic acid was prepared by dis-
solving the purified reagent in pure dimethyl sulfoxide
(DMSO). The working solution was prepared by diluting the
stock solution in DMSO.

Solutions of NaOH (4.0 mol-L™") and NaCl (2.0 mol-L™")
were prepared by dissolving 39.997g and 29.22g,
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respectively, in distilled water in a 250.0 mL volumetric flask.
The solution of HCI was prepared by dilution of concen-
trated acid. The universal buffer solution (UBS) was made by
mixing solutions of acetic, boric, and phosphoric acids.
Standard solutions of metals (M = Yb(I1I), Ga(III), Au(III),
Fe(1I), Ni(II), Co(1l), Mn(Il), Cd(II), Pb(Il), Zn(II),
Pt(IV), Rh(III), Ir(IV), Ru(IV), Cu(Il), Cr(II), Ca(ID),
Mg(II), Ba(II), and AI(IIT)) were prepared by dissolving their
salts in distilled water or dilute acids (HCl or HNO3). So-
lutions of anions (EDTA, F~, NO , ", SiO ; 27, Cit>", Tart*",
C,0, 7%, and Sal™) were prepared by dissolving the ap-
propriate sodium salts in distilled water.

2.3. General Procedure for Determination of Pd(II) Ions.
To sample solutions containing 0.64-10.64 yg-mL~" of PA(IT)
in a 250mL  volumetric flask, 0.75mL of
2.5%107° mol-L™'p-ITYBA, 1.25mL of 2.0mol-L™" NaCl,
1.0mL of 0.5mol-L™" UBS, and distilled water (~20mL)
were added. Then pH was adjusted by NaOH to pH=7.0,
and distilled water was added to complete volume. The
absorbance of the Pd(II)-p-ITYBA complex at 450 nm
against a reagent blank was measured.

2.4. Effect of Reagent Concentration. Various volume
(0.125-12.5mL) of 1.0 x 10> mol-L~ p-ITYBA was added to
the solution containing 0.5 mL of 2.5 x 10> mol-L ™" Pd(II).
Then, 1.25mL of 2.0mol-L™! NaCl, 1.0mL of 0.5mol-L™"
UBS, and distilled water~20 mL were added. The pH was
adjusted to pH=7.0 by NaOH and diluted to a volume of
25.0mL with water. The absorbance was measured in a
1.0cm cell at 450 nm.

2.5. Determination of the Composition of the Pd(I1)-p-ITYBA
Complex. The mole-ratio method was performed in the
following way: into a series of 25.0 mL volumetric flasks, an
aliquot (0.125-6.25mL) of 1.0 x 107> mol-L™" Pd(II) solu-
tion, p-ITYBA solution with fixed concentration (0.5 mL of
2.5x10>mol-L ™), 1.25mL of 2.0 mol-L™' NaCl, 1.0 mL of
0.5mol-L™" UBS, and distilled water ~20 mL were added.
The pH was adjusted to pH=7.0 by adding NaOH and
diluted up to the mark with water. Then, the absorbance at
450 nm was measured.

In Job’s method of continuous variation, the equimolar
solutions of Pd(II) and p-ITYBA (1.0 x 10~ mol-L™") were
used. Then, 125mL of 2.0molL™' NaCl, 1.0mL of
0.5 mol-L™! UBS, and distilled water (~20 mL) were added,
and the pH was adjusted to 7.0 by NaOH. The absorbance
values were recorded at 450 nm.

2.6. Procedure of Catalyst Preparation for Pd(II)
Determination. The sample of catalyst was dissolved in a
mixture of concentrated nitric and hydrochloric acid (1: 3, v/
v) by heating on a sand bath with further decantation. Pd(II)
ions were converted to the chloride form by evaporation of
the resulting solution to wet salts and the addition of 10.0 mL
of concentrated hydrochloric acid until the nitrogen oxides
were lost [31]. After that, the resulting solution was
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transferred quantitatively into a volumetric flask of 50.0 mL
and brought to the mark with distilled water. The working
solution was prepared by dilution of the stock 100 times.
Suitable aliquots of this solution were used for the deter-
mination of palladium according to the recommended
procedure.

3. Results and Discussion

In this work, a new reagent from the class of azotiazolidones
4-(N'-(4-imino-2-oxo-thiazolidine-5-ylidene)-hydrazino)-
benzoic acid was used for analytical researches. "H NMR
(400 MHz, DMSO-dg; 6, ppm): 7.99 (d, J=8.5Hz, 2H,
CeH.,), 8.12 (d, J=8.5Hz, 2H, CsH,), 9.21 (s, 1H, NH), 9.39
(s, 1H, NH), 11.15 (s, 1H, NH), 13.61 (s, 1H, COOH).
Structural formula of p-ITYBA is shown in Figure 1.

This reagent is a crystalline powder of yellow-sand color.
The melting point is 543 K. It is poorly soluble in water and
ethanol, but is well soluble in dimethylformamide and di-
methyl sulfoxide.

The maximum absorption of a reagent does not depend
on the acidity of the medium and corresponds to a wave-
length of 390 nm. The imino group is hydrolyzed in a highly
alkaline medium (pH>11.0). Our previous work [30]
provides more details about the spectral characteristics of
this reagent.

3.1. Investigation of the Formation of the Pd(II)-p-ITYBA
Complex. It was found that Pd(II) ions form a yellow-or-
ange complex compound with p-ITYBA. The electronic
absorption spectra of dye solutions and the complex com-
pound Pd(II)-p-ITYBA are shown in Figure 2. At a pH
1.0-10.0, there is a decrease in the maximum of absorption
of the reagent when palladium(II) was added to p-ITYBA.
This indicates that there is an interaction between palla-
dium(II) ions and p-ITYBA. At higher values of pH, this
effect is not observed. We can also see the formation of the
shoulder of absorption in the range of wavelengths
430-480 nm. All further studies of complex formation were
carried out at a wavelength of 450 nm, where the maximum
difference between the absorption of the complex and the
reagent is observed.

3.2. Effect of pH. Figure 3 shows the results of studies of the
pH effect on the maximum yield of colored complex com-
pound Pd(IT)-p-ITYBA against sodium chloride background.
The formation of complex Pd(II) with p-ITYBA is observed in
a wide range of pH. The maximum absorbance of the
compound Pd(II)-p-ITYBA is achieved at pH=7.0.

3.3. Effect of Heating Time. The results of studies have
shown that the complexation of palladium(II) ions with p-
ITYBA occurs at room temperature (~291-296K) im-
mediately after establishing the acidity of the medium. The
heating of solutions in a boiling water bath (~371K)
causes a decrease in the absorption of solutions, but the
complex compound Pd(II)-p-ITYBA is not completely
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Ficure 1: Structure of the 4-(N’-(4-imino-2-oxo-thiazolidine-5-
ylidene)-hydrazino)-benzoic acid.
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FIGURE 2: Absorbance spectra of the p-ITYBA and Pd(II)-p-
ITYBA complex (Cpirypa=>5.0x% 107 mol-Lfl;de(H) =2.50 X
107 molL™;  Cnac=0.10molL™;  Cypg=0.020 mol-L™%;
pH=7.0; 1=1.0 cm).
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Figure 3: Effect of pH on the absorbance of the Pd(II)-p-ITYBA
complex at a wavelength of 450nm (CP_ITYBA=5.O><1075 mol-L ™%
Cpaan =250x 10> mol- L™ Cyag=010mol- L™ Cyps= 0.020 mol-
L L1=10 cm).

destroyed even when heated for 60 min (Figure 4). Ab-
sorption of the obtained product remains constant for
more than 48 h.
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F1GURE 4: Effect of heating time on the absorbance of the Pd(II)-p-ITYBA complex at a wavelength of 450 nm (C,_irypa = 5.0 X 107> mol-L ™Y
Cpaqar =2.50 x 10> mol-L ™" Cnac1=0.10 mol-L ™" Cyps=0.020 mol-L ™" 1=1.0 cm; t~98°C).

TaBLE 1: Selectivity of Pd(II) spectrophotometric determination using p-ITYBA (Cpgar) = 2.50-10"° mol-L ™% Cparyea= 7.50-10 7> mol-L ™}
Craci =010 mol-L ™" Cyps=0.020mol-L™'; pH=7.0; 1= 1 cm; A =450 nm).

Foreign ion Molar ratio ion: Pd(II)

Foreign ion Molar ratio ion: Pd(II)

Pt(IV) 1
Rh(III) 1.25
Ir(1V) 1
Ru(IV) 2
Yb(III) 5
Ga(IIl) 10
Au(III) 15
Fe(III) >100
Ni(II) 75
Co(IT) >100
Mn(II) 10
Cd(10) 25
Pb(IT) 10
Zn(II) 50

Cu(Il) >100
Cr(I1I) 10
Ca(1I) >100
Mg(1T) >100
Ba(Il) >100
Al(IID) >100
EDTA >100
F~ >100
NO;~ >100
Si05%" >100
Cit*~ >100
Tart®” >100
C,0,7 >100
Sal™ >100

3.4. Stoichiometric Ratio of Pd(II)-p-ITYBA. The ratio of
components in the system Pd(II)-p-ITYBA was determined
by two methods: continuous variations (Job’s method) and
the mole-ratio method. These methods confirm the for-
mation of a complex with the ratio of components Pd(II) : p-
ITYBA=1:1. It was calculated that the formal stability
constant of the complex relative to the palladium aqua
hydroxychloride complex is 1.96 x 10°. The 3-fold excess of
the reagent is optimal for the maximum yield of the colored
compound of Pd(II) with p-ITYBA.

3.5. Calibration Curve. The analytical signal of palladium(II)
determination using p-ITYBA linearly depends on the
concentration of metal in the solution and is described by the
equation AA =(0.009 +0.001) + (0.0416 + 0.0004) x C, where
C is the concentration of PA(II) in yg-mL™" (the correlation
coefficient is 0.9997). From the calibration curve, it was
found that Beer’s law is obeyed over the Pd(II)
concentration range of 0.64 to 10.64 ug-mL~". The detection

limit is 0.23 ug-mL™'. The molar absorptivity is 4.30 x
10° L-mol .cm™.

3.6. Effect of Foreign Ions. As shown in the literature
[7, 8, 20, 32-37], most spectrophotometric methods of
palladium determination are characterized by not very high
selectivity towards such cations as Ni(II), Co(II), Cu(Il),
Fe(III), Fe(II), Ag(I), REE (rare earth elements), platinum
metals, and others. We investigated the effect of platinum
metals and heavy and alkaline earth metal ions that can be
present in the studied samples or can be introduced during
dissolution. Also typical masking anions (fluoride, citrate,
tartrate, and salicylate ions) were investigated for the pos-
sibility of palladium(II) determination using p-ITYBA (see
Table 1).

It was found that cations Ca(II), Mg(II), Ba(II), Pb(II),
Cd(1ID), Ni(II), Co(II), Zn(II), AI(IIT), Fe(III), and Cu(II) do
not interfere in 25-100-fold excess. But, small amounts of
Rh(III), Pt(IV), Ir(IV), and YDb(III) ions affect Pd(II)
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TaBLE 2: Comparison of the present method with other spectrophotometric methods for Pd(II) determination.
Reagent [references] Conditions Aunae €maw Lmol-em™ M: Linear -1 Intefrfermg
nm range, pg-mL ions
3.,4-Dlhydroxy-benzaldehydelsonlco- pH =3.0, acetate 180 53%10° 1:1 0.5-20.0 Cu?*
tinoylhydrazone [3] buffer
2molL™! HCl or
. . H,SO,, CHCI3; . 9.0 x10% . 25-125; Pt**, Fe**,
Dimethylglyoxime [7] 0.8molL " HNO,, 2% 370 1.9%x10° 1:2 100-800 I, Au®*
pH = 1.0, CHCl,
e 0.1-1.4mol-L™" HC], 4
A-Furildioxim [7] CHCl 380 2.2x10 1:2 1-3 -
. 2+ 2+
Arsenazo 111 [7] pH 3.4-5.9 630 42x10* 1211 11630 <V C;EI :
pH=5.6 to
0.1 mol-L™" HCJ; 4
. Y 510 1.2x10% . 1.3-4.3; -
Nitroso-R-salt [7] 0.05 Izngl-ri,Ol'LI:IINOy 520-560 9.7 %10 1:2 01-2.6 Co*", Cl
CH;COOH
Cu2+, C02+)
B-Nitroso-a-naphthol [7] pH=1.0-2.0, CHCl;,  308; 2.2x10% 1:2 -5 Ni**, Cr**,
toluene 385; 370 0.1-10 34 _
Fe’", CN
) B 4 1:1, Pb**, Bi*Y,
Palladiazo [7] pH=3.5, n-butanol 640, 675 5.7x10 9.1 0.2-5.0 CI- REE
Cu2+ C02+
4-(4-Antipyriyl azo)-2-bromo phenol [8] pH=4.0-7.0 498 21x10° 1:2 0.2-3 V>, ﬁg*,
Fe
8 mol-L™"
. H;PO, +5mol-L™! , 1.2x10% P
Sulphochlorophenol-azorhodanine [10-12] H,50,; 1 molL! 520; 520 5 0x 102 - - Pt*", Rh
HCl, 1-2h
i S TN pH =5.0, acetate Pt**, Ru**,
;_OHXSET;‘Y‘;‘S]‘HO 4-imino-1,3-thiazo-lidin buffer, 10 min 350 5.9%10° 1:1  06-64  Rh*, I,
’ (~98°C) Fe’*, Cu®*
4-(N’-(4-Imino-2-oxo-thiazolidin-5-
ylidene)-hydrazino)-benzene-sulfonic acid pH=7.6-8.3 438 7.5x10° 1:2 0.2-2.2 Ir**, Ru*
[23]
. 5.0mol-L ™" HCl and
1-(2-Benzothiazolyl-azo)-2-hydroxy-3- cetyl trimethyl 669 2.61x 10° 1:2  0.02-085  Ni*, Co**
naphthoic acid [32] . .
ammonium bromide
Methanol-distilled
. 2+ 2+
Cefixime [33] pHWftzeg ’;Zdﬁg‘(’) 352 1.224x10* 2:1  0.75-16.50 CC‘QZJ %\Inizg
4. 2 4" >
citric acid buffer
. . . . 1.0mol-L™" HC, 1%
i;gj'gjimlylazo)ﬁ -diethylaminobenzoic cetyl trimethyl- 625 1.51 x 10° 1:2 001-06  Co*, Ni?*
ammonium bromide
Benzyloxybenzaldehydethiosemicarbazone pH=5.0, 365 40x10° 1:1 5_60 NiZ*, Cu2*
[35] cyclohexanol
Cu2+, Cr+6’
4-(2’-Furalidene-imino)-3-methyl-5- B 3 ) Mn*7,
mercapto-1,2,4-thiazole [36] pH =5.4, n-butanol 410 1.4x10 1:1 17-50 $,0.%
CH4N,S
A[Lég?—Bromo—2—benzoth1azolylazo) pyrogallol Dimethylformamide 580 _ _ 0.6-15.0 _
4-(N’-(4-Imino-2-oxo-thiazolidine-5- pH =7.0, universal 3 ) Pt**, Ru'",
ylidene)-hydrazino)-benzoic acid buffer 450 4.3x10 L1 0.64-10.64 Rh*, Ir**

determination. The most influence of the metals of the
platinum group can be explained by the similar electronic
structure of the outer electronic levels of platinum metals,
which compete with the palladium ions in the process of
formation of a colored complex compound. The anions that

were studied do not affect the determination of Pd(II), even
when present in 100-fold excess, so they can be used to mask
certain metals to improve selectivity.

This method has higher selectivity that most of the
earlier reported spectrophotometric methods (Table 2)
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TaBLe 3: Determination of Pd(II) with p-ITYBA in synthetic solutions (C,.irypa= 7.50-10° mol-L™";  Cyacy =0.10 mol-L 7%
Cyps=0.020mol- L™} V=25mlL; pH=7.0;1=1cm; A=450nm; n=3, P=0.95).

Synthetic solutions composition, yg Added Pd(II), ug Found Pd(II), X + ((S xt,)/v/n), ug Se %
60.7 Ir(IV) + 32.16 Rh(III) 66.5 69.8£5.6 32
63.17 Ru(IV) + 60.96 Pt(IV) 66.5 69.1+4.8 2.8
32.16 Rh(III) + 63.17 Ru(IV) 66.5 65.3+4.7 2.9

towards many cations and anions, such as: Rh(III),
Ru(IV), Ga(Ill), Au(IIl), Cu(Il), Co(II), Ni(II), and
others.

3.7. Determination of Pd(Il) in Model Solutions. The cor-
rectness of spectrophotometric methods for the Pd(II) de-
termination using p-ITYBA was verified by analyzing model
solutions in the “added-found” method. The results are
shown in Table 3.

The main problem of photometric methods for the
palladium determination is their insufficient selectivity to-
wards platinum metals. In order to show a possibility
of palladium determination using p-ITYBA in the presence
of platinum metals ions, we added them into the model
solutions. The concentration of palladium in the studied
solutions was determined by a calibration curve.

As can be seen from the obtained results, there are good
reproducibility and accuracy (no systematic error); there-
fore, the developed method for the palladium determination
using p-ITYBA can be effectively used in the analysis of
various industrial and natural objects.

3.8. Determination of Palladium in a Catalyst. Palladium
and its alloys are often used as catalysts in chemical
reactions, in particular in the reactions of hydration and
the production of pharmaceutical preparations [38].
Palladium exhibits better catalytic properties in the
processes of hydrogenation of organic substances than
nickel [39].

The developed method for spectrophotometric deter-
mination of Pd(II) by means of p-ITYBA was used to de-
termine the contents of the palladium in the palladium-
rhodium catalyst on a ceramic basis. As the amount of
rhodium in this catalyst is about 0.1% [31], it did not in-
terfere with the determination. There was no need to use
masking agents, since rhodium and silicate ions do not
interfere with the determination of palladium in large
quantities. The results of the analysis are presented in
Table 4.

As can be seen from Table 4, the results of palladium
determination using the spectrophotometric method are
well consistent with its content determined by the vol-
tammetric method per reduction peak of its ammonium
complexes [7]. The value of the relative standard deviation
does not exceed the error in spectrophotometry; therefore,
the presence of ions in the solution does not affect the results
of the analysis.

The developed method, which is described in this paper,

has better selectivity when compared to some

TABLE 4: Results of spectrophotometric determination of palla-
dium(I) in a catalyst using p-ITYBA (C,.rrypa = 7.50-10 7> mol-L ™%
Crac1=0.10mol-L ™Y Cyps=0.020 mol-L™Y; pH=7.0; A =450 nm;
[=1.0cm; n=3; P=0.95).

Method why £ (Sxt)/n), % S»%

Spectrophotometry with p-
ITYBA
Voltammetry

2.18+0.08 1.4
2.06 £0.09 1.8

spectrophotometric methods shown in Table 2. This method
is rapid, sufficiently sensitive, and does not need extraction
or use of masking agents.

4. Conclusions

The proposed method of spectrophotometric determination
of Pd(II) using p-ITYBA is simple, rapid, reproducible,
sufficiently sensitive, selective, and inexpensive. This method
does not require the use of heating and extraction, which
greatly simplifies the determination. These advantages allow
using the developed method in routine analysis for Pd(II)
determination in various objects.
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