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Abstract: This study deals spectrophotometric analysis of the multi-ligand complex of zirconium (IV) with
stilbazole and cetylpyridinium chloride. Dichloroethane was selected as the extragent and acetonitrile as the
dispersant solution. Optimal conditions for the complex formation were identified. The results of the
extraction process and complex formation were calculated statistically withPlackett Burman design and
central composite design (via the Minitab 19 program). The values obtained showed that experimental
results can be expressed as statistical results. Most important factors influencing absorption during complex
formation were pH and ligand content. To obtain the maximum absorption, pH should be 4.5 and the ligand
content should be 300 uL. The stoichiometric composition of the components in the complex was determined
by various methods. The interval of subordination to Baer's law was 2-7.6 ug mL™, the molar light
absorption coefficient was 2.6 x 10* L Mol*em™, 1nx = 590nm. A highly selective methodology was

developed to determine the zirconium (IV) micronutrients in water samples.
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Introduction

Zirconium is a metal widely used in
various industries and medicine. Generally,
zirconium and its chemical compounds are used
in iron and steel, ceramics, paints, paper,
textiles, fertilizers, nuclear power plants,
machinery, aircraft, makeup, chemical and
leather industries. It is used as an essential
material in dentistry due to its biocompatibility
with the human body and non-allergic reactions.
Thus, zirconium caps are used as the cheekteeth
are subject to strong mechanical impact during
chewing. Zirconium caps are more like natural
teeth in terms of color and refractive index.

Determination of zirconium content in
environmental and industrial samples s
significant due to the high toxicity of its
compounds. There are many analytical methods
in the literature to determine the zirconium
amount. Examples of various spectro-analytical
methods include the molecular fluorescence
spectrophotometry [1], atomic absorption
spectroscopy [2], laser ablation inductively

coupled plasma optical emission spectrometry
[3], spectrophotometric method [4,5], solid
phase extraction and spectrophotometric
determination [6,7], plasma atomic emission
spectrophotometric determination [8],
inductively coupled plasma atomic emission
spectroscopy [9], UV-Vis spectrophotometry
[10,11] and  flotation-spectrophotometric
method [12]. Moreover, work was done to
separate zirconium from mixtures with hafnium
and for analytical determination [13-17].

The stilbazole with zirconium ions forms
a blue-purple homogeneous ligand complex
[18]. The homogeneous ligand complexes
formed by the stilbazole with zirconium and
mixed-ligand complexes with the participation
of EDTA were studied [19].

To determine the zirconium, a variety of
ligand complexes formed with stilbazole and
cetylpyridinium chloride were used in the
research. Stilbazole is one of the azo
compounds of pyrocatechol. The sulphogroup in
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the stilbazole affects the density of the =-
electron system in the aromatic ring of
pyrocatechol, and the hydrogen atom in the O-H
group of pyrocatechols is motile and replaced
by hydrogen cetylpyridinium chloride.

By interacting with surfactants, it is
possible to change the physicochemical
properties of organic reagents in aqueous

solutions [20-24]. As a result of the application
of cetylpyridiniumchloride, it is possible to
obscure many elements that interfere with the
determination and to obtain a complex
combination of low-density zirconium ions at
high concentrations. This significantly increases
the sensitivity and selectivity of the
determination.

Experimental part

Apparatus, reagents and solutions. The
optical density of color solutions was measured
on a UV-VIS Evolution 60S spectrophotometer
and spectrophotometer SF-46. The pH of all
solutions ~ was  measured using  the
Cond./TDS/Temp universal pH meter.

The stilbazole (4,4'-bis-(pyrocatechol)-
stilbene-2-2'-disulfuric acid) was dissolved in
distilled water and 5x10 mol L™ solution was
prepared, the structural formula of the stilbazole
is given in Fig.1. A standard zirconium solution

with a concentration of 135 pq mL™* was
prepared by dissolving “high purity” metallic
zirconium in a HF + HCIO, mixture. The
hydrogen fluoride is then evaporated and
separated, mixed with 4 M HCIO, and 5 M
H,SOs. 20 pg mL™? standard solution was
obtained by diluting the feed solution of
zirconium  with  distilled  water. 0.1%
cetylpyridinium chloride solution was used as a
surfactant.

HQ OH
OH
HO N=N CH=CH N=N
SO,H

HO;S

Fig. 1. Stilbazole (4,4'-bis-(pyrocatechol)-stilbene-2-2'-disulfuric acid) structure.

Method. 300uL SB and 150pL SP are added to
a 20pg zirconium sample and mixed, and then
300uL of the dispersant solution is added and
mixed. Also, 400uL extragent solution is added
to the mixture. The acidity of the system is then
brought to pH = 4.5. Total volume is diluted
with distilled water up to 10 mL and centrifuged
at 3500 rpm for 3 minutes. The organic phase
collects at the bottom of the vessel and the water
phase at the top is separated with a pipette. The
light absorption of the organic phase is
measured.

The stilbazole donor heteroatoms are prone
to protonation; therefore the multi-ligand
complexes formed with  cetylpyridinium
chloride are formed in an acidic environment.
The reaction of stilbazole with zirconium ions
also occurs in acidic environments. This study

revealed that when the pH is lowered, stilbazole
forms a precipitate and the complex it forms
with zirconium breaks down, forming basic salts
and metal hydroxides. When the pH rises above
a certain value, the colors of the ionic forms of
the stilbazole present in the solution overlap (at
different values of alkalinity, the stilbazole turns
yellow, red, raspberry, purple or blue), and this
results in the reduction of sensitivity and the
number of repeated analyses.

The optical density was measured in the range
of pH =1-7 to study the optimal conditions for
complex formation and the effect of pH on
extraction (Fig. 2). As graph shows, the value of
optical density decreases when pH<4 and pH>
5. The maximum value of light absorption
occurs when pH = 4.5. Therefore, pH = 4.5 was
optimally selected for the Zr (IV) ion.
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Fig. 2. pH effect on light absorption

The stilbazole content effect on the
light absorption. A series of solutions in the
range of 100-500 pL. was prepared from the
5x10° mol L™ solution of the stilbazole.
Absorption was measured at different volumes
of the stilbazole while maintaining other
experimental conditions. Stilbazole interacts
with cetylpyridinium chloride after

deprotonation.  Deprotonation weakens as
acidity increases, and after a certain value of
acidity, deprotonation does not occur. As the
amount of stilbazole increases, the optical
density of the color solution of the complex
increases. After a certain limit, the value of
optical density does not change (Fig. 3).
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Fig. 3. Effect of stilbazole content on light absorption.

Effect of cetylpyridinium chloride on light
absorption. A series of solutions in 50-300 uL
volume range was prepared from a 0.1%
solution of cetylpyridinium chloride, and the
optical density of the color complex occurred by
maintaining other experimental conditions was
measured. The best results were obtained when
the volume of cetylpyridinium chloride was 150

pL. Cetylpyridinium chloride facilitates the
dissolution of the reagent and the occurred
complex. A new region is observed in the light
absorption spectrum of the reagent showing that
cetylpyridinium chloride forms an association
with the reagent. The association mechanism of
the reagent with the cationic surfactant (CS) can
be shown as follows:

R—O—H &2 R—O+H"

CHEMICAL PROBLEMS 2021 no. 4 (19)



244

ILA. AHMADOQV et al.

Kass

!

+CS*

R—O'CS

When the amount of cetylpyridinium chloride is
less, the above processes are relatively weak,
and as the concentration of cetylpyridinium
chloride increases, the formation of associations
increases. However, as the concentration of
cetylpyridinium chloride increases, its solubility
weakens, and flotation occurs. Thus, when the
amount of cetylpyridinium chloride in the
system is at the optimum thickness and the
acidity of the environment is optimal, the
reaction in the system becomes quite sensitive
and selective. A coloured complex is formed
immediately after the addition of metal ions,
reagent and cetylpyridinium chloride to the
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reaction system in the appropriate sequence.
The colour complex remains unbroken during
the day and the optical density does not change.

Effect of extragent and dispersing
solutions. To study the effect of the volume of
the extragent solution on the absorption, a series
of solutions prepared at 200-650 pL of
dichloroethane were used, and 100-500 pL of
acetonitrile made it possible to study the effect
of the volume of the dispersant solution on the
absorption. Maximum light absorption was
observed at 400 pL of dichloroethane (Fig. 4a)
and 300 pL of acetonitrile (Fig. 4b).
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Fig. 4. Effect of extragent solution on light absorption (4a) and dispersant solution
on light absorption (4b).

Influence of other parameters on absorption.
The effect of centrifugation time and speed on
absorption was studied. By maintaining other
experimental conditions, optical density of the
complex solution was measured at intervals of
2-6 minutes at 2000-4500 rpm. Maximum
absorption was observed when the coloured
solution was centrifuged at 3500 rpm in 3
minutes. Besides, the extraction recovery is high
in the range of 10-40 mL of the volume of the
water phase, in the temperature range of 18-36
°C, and the colour intensity of the complex
remains constant.

Effect of foreign ions. Along with increasing
the selectivity of the reaction by changing the
amount of acidity, it is also possible to shield
foreign ions. Oxalate, citric, tartaric acid,
EDTA, H,0, break down zirconium complexes.

If the reagents and then glycerine are added to
the zirconium solution, the colour intensity of
the zirconium complex is reduced by half.
Sulphate ions do not decolorize zirconium
complexes. This allows the determination of
zirconium in sulfuric acid. When heated, the
zirconium complex decolorizes in the presence
of slightly excess sulfuric acid. A comparison of
several factors shows that increasing the
selectivity of the zirconium reaction by
increasing the acidity of the solution has a better
effect than increasing the selectivity using
coagulants.

The acid-base and spectral properties of the
multi-ligand complexes formed by stilbazole in
the presence of surfactants are shown in Table
1.

CHEMICAL PROBLEMS 2021 no. 4 (19)



245

SPECTROPHOTOMETRIC RESEARCH INTO

Table 1. Acid-base and spectral properties of zirconium-SB-SP complex.

Parameters amounts
Amax, (NM) 590

Molar light absorption ratio (L Mol ecm™®) | 2.6 x 10?
Limit of detection (ugmL™) 0.1

Limit of quantification (ugmL™) 0.34

Linear Range (ugmL™) 2-7.6

pH 45

1By 9.96

Zr: SB: SP 1:2:4

Probable structure of the multi-ligand displacement, isomolar series method and

complexes formed by Zr (IV) with stilbazole
and cetylpyridinium chloride (Fig. 5). The
stoichiometric ratio of the components in the
complex was determined by equilibrium

straight-line methods of Asmus [25]. The

molar ratio of the components in the complex
1s Zr: SB: SP = 1: 2: 4.
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Fig. 5. Probable structure of a multi-ligand complex formed by Zr (IV) stilbazole
and cetylpyridinium chloride.

Analytical performance

Samples of zirconium of known
concentration were added to 1000 mL water and
analyzed by the proposed method. Limit of
detection (LOD) and limit of quantification
(LOQ) of zirconium were determined in each
water sample. The best analytical results were

obtained in the experiment with tap water.
Determination coefficient and sensitivity were
studied by adding different amounts of
zirconium samples to distilled water. Sensitivity
was studied inter-day and intra-day. Results
obtained are given in Table 2.

Table 2. Analytical features of the proposed method

Accuracy (%)
Zirconilljm Inter-day Intra-day
(ngL7) - -
Con3|ste_rlwcy, Relative error, % Con3|stg?cy, Relative error, %
(ngL™) (ngL™)
2.0 2.02 1 1.99 0.5
3.0 2.98 0.7 3.01 0.33
4.0 3.97 0.75 4.02 0.5
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5.0 4.99 0.2 4.98 0.4
6.0 6.02 0.33 5.97 0.5
7.0 7.04 0.6 7.02 0.3
Optimization of statistical calculations values of these six factors, including the ligand
and results. Statistical calculations were content, the volume of the surfactant, the

performed in two stages. First, the factors
affecting absorption were analyzed to be
meaningful/ meaningless by applying the
Plackett Burman design. The low and high

volume of

the extragent

and dispersing

solutions, the pH and the rate of centrifugation

are given in Table 3.

Table 3. Values of independent variables included in the statistical calculation.

Independent variables Symbol L\%Vj:t Highest value
pH pH 1 7
Volume of extragent solution, (uL) VES 200 650
Volume of ligand, (uL) VL 100 500
Volume of dispersing solution, (uL) VDS 100 500
Volume of surfactant solution V/SS 50 300
Centrifuge speed, rpm SC 2000 4500

When studying the factors impact on the
outcome with Plackett Burman's design, no
interactions between factors are considered [26].
When performing statistical calculations, first
low and high levels are determined for each
factor, a design table is prepared for the coded

Term 2571

levels, and then experiments are performed by
writing the real values of the factors instead of
the coded values [27]. In all experiments, the
amount of Zr (IV) was kept invariable at 20 pg.
The results are shown in a pareto graph (Fig. 6).
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Fig. 6. Pareto chart of factors impacting absorption.

As shown in the chart, the factors that

most affecting the extraction recovery are the

pH and ligand volume. The effect of other

experimental factors is statistically insignificant.

Optimal values of pH and ligand volume are not
found with this statistical calculation.

In the second stage, a central composite
design was applied to find out the optimal
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values of the factors whose effect on extraction
recovery and Zr (IV) absorption was statistically
significant. Five levels of each factor were
chosen for statistical calculation: low level (-1),
medium level (0), high level (+), and two-star
points £ a (o0 = 1.414). As shown in Fig. 7, the
value of absorption increases as the pH and
ligand content increase. However, after a certain

0.50

Absorbtion 025
0.10

pH value, the absorption decreases. When the
ligand volume is increased by a certain amount,
the absorption increases and then comes down.
Statistically, the optimal values for pH and
ligand volume were pH = 4.5 and Vjigana = 300
uL. These wvalues coincide with the

experimentally calculated values for pH and
ligand volume.

Fig. 7. Impact of pH and volume of the ligand content to the absorption
in the extraction process
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SIRKONIUMUN (IV) STILBAZA VO SETILPIiRIDINXLORID iLO OMOLO GOTIRDIiY1
MUXTOLIFLIQANDLI KOMPLEKSIN SPEKTROFOTOMETRIK TODQIQi

i.0. ©hmoadov, A.M. Pasacanov

AMEA-mn akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113, e-mail: intizam-ehmedov@mail.ru

Xiilasa: Bu igdo sirkoniumun (IV) stilbaza vo setilpiridinxlorid ilo miixtalifligandli  kompleksi
spektrofotometrik iisulla tadqiq edilmisdir. Ekstragent kimi dixloretan, dispersiagdirici mahlul kimi isa
asetonitril segilmisdir. Kompleksomalagalmanin optimal saraiti miiayyon edilmigdir. Ekstraksiya prosesinin
va kompleksamalagalmonin naticalari Plackett Burman dizayni va MarKazi kompozit dizaym (Minitab 19
proqrami vasitasSila) ilo statistik olaraq hesablamb, alinan giymatlor tacriibi naticalorin statistik naticalor
kimi ifada edila bilacayini gostorilib. Kompleksomalagalma zamani absorbsiyaya an ¢ox tasir edan faktorlarin
PH Vo ligandin migdart oldugu miiayyan edilmisdir. Maksimum absorbsiya alda etmak iiciin pH=4.5, ligandin
hacmi isa 300 uL olmalidir. Kompleksdo komponentlarin stexiometrik tarkibi miixtolif metodlarla tayin
edilmigdir. Ber ganununa tabe¢ilik intervali 2-7.6 ug mL™, molyar isiqudma amsali 2.6 x 10* L Mol*cm™,
Jmax=390 nm olmugdur. Su niimunalorinda sirkoniumun (IV) mikromiqdarimin tayini iigiin yiiksoK segiciliya
malik metodika islonilmisdir.

Acgar sézlar: sirkonium (1V), stilbaza, setilpiridinxlorid, markazi kompozit dizayni.

CHHEKTPO®OTOMETPUYECKOE UCCIIEJOBAHUE PAZHOJIUTI'AH/IHBIX KOMIIJIEKCOB
HOUPKOHMUS (IV) CO CTUIIBA30 1 HETUJIITUPUJIANHUEM XJIOPUIOM

H.A. Axmenos, A.M. Ilamagkanos
HUncmumym kamanuza u neopeanuveckol xumuu um. akao. M. Haeuesa

Hayuonanvuoti AH Azepbatioscana,
np. I. [Picasuda 113, Baxy, AZ 1143 Azepbatioxncan e-mail: intizam-ehmedov@mail.ru

Jlannas paboma nocesujeHa Uccied08aHUI0 pazHoaueanoHo2o komniexca yupxouuss (IV) co cmunvbazo u
YeMUARUPUOUHUSL  XAOPUOOM CHEKMPOPOMOMempuieckum memooom. B kauecmee axcmpacupyiowjeeo
azenma Obl1l GLIOPAH OUXAOPIMAH, A 6 Kayecmee oucnepaupyiouweco — ayemonumpui. OnpedeneHvi
ONMUMATbHLIE — YCIOBUL  KOMHIeKcoobpazoganus.  Pesyibmamel  npoyecca  9KCMpazupoganus — u
KOMNIEKCO0Opaz08anuss Obliu Cmamucmu4ecku paccuumansl ¢ nomowwio nianoe Ilnaxemma-Bepmana u
YEHMPATbHO20 KOMNO3UYUOHHO20 naaua (nocpeocmeom npozpammuvt Minitab 19). [lonyyennvie oyenxu
NOKA3aMU, 4YMO NpaAKmMuyecKue pesyrbmamvl Mo2ym Obimb  GbIPAdICEHbl 6 GUde CHAMUCMUYEeCKUX
pesyrvmamos. bvlio ycmanogneno, ymo hakmopamu, OKa3vleaoWumMu Hauboavluee gusHue Ha abcopoyuio
npu Komniaexcoobpazoganuu, seasomca pH u xoauuecmeo nucanda. Jns 0ocmudiceHuss MaKCuMAanbHOU
abcopoyuu  pH Oondicen Ovimb  pasen 4.5, a Koauwecmeo aueaHod cocmaenams 300 mKa.
Cmexuomempuueckuti cocmag KOMHOHEHMO8 8 KOMWIEKCe ONpedensiicss PAasIuyHbIMU — Memooamu.
Humepsanvl, noduunsiowuecss 3akony bepa, cocmasnanu 2-7.6 mke ma™, monspueii Kodpuyuenm
ceemonoanowerus — 2.6 % 1 0* wmonv™ e, a Avax 0611 pasen 590 um. Pazpabomana memoouxa ¢ 8blcoKoll
CeneKmusHOCmbIo 0Jis1 onpedeieHus Mukpokoauvecms yupxkonus (1V) 6 npobax 6oowi.

Knroueswvie cnosa: yupronuii (IV), cmunvbazo, yemuanupuounust Xiopuo, YeHmpaibHolll KOMRO3UYUOHHbBI
naan.
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