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ABSTRACT

Schiff bases of 4-aminoantipyrine (Fig. 1, (a-d)) are synthesized and immobilized on silica gel to obtain 4
sorbents selective for Pt ions (Sig-Schiff “). The extraction efficiency of the newly prepared sorbents toward Pt(I)
and Pt(1V) is studied by a batch method and the application was performed in a column mode. The role of various
parameters such as the sample acidity, the type and the concentration of the eluent, the sample and the eluent flow
rates are optimized for a quantitative sorption of Pt(Il) and Pt(IV). The influence of the different substituents in the
benzylidene ring of the Schiff bases on the coordination properties of the sorbents and the extraction efficiency and
selectivity toward Pt species is elucidated. It is found that the sorbents synthesized demonstrate a high selectivity
toward Pt(Il) - the quantitative sorption is achieved at high concentrations of HCI, whereas Pt(IV) has a poor sorp-
tion ability under identical experimental conditions. Moreover, the sorbents preserve their extraction capability
and selectivity toward Pt(Il) in acidic media even in presence of significant amounts of base metals. An analytical
procedure is developed for Pt determination in surface waters and spent automotive catalysts.
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INTRODUCTION

Pt determination in various types of samples is of a
practical importance but presents a challenging analytical
task due to the low concentrations present and the spectral
interferences observed. In most of the cases a separate
determination of both oxidation states is desirable. There-
fore an application of an enrichment step is indispensible
for most of the analyzed samples — environmental (sur-
face waters, road dust, soils, air samples), waste materials
(spent automotive catalysts), geological samples. Solid
phase extraction is conventionally used as an easy, simple
and suitable method for a routine analytical practice
procedure. The extraction efficiency of the sorbent
determines the selectivity, the enrichment factor and the
sensitivity of the developed analytical procedure. Vari-
ous chelating and complex forming reagents supported
on suitable materials have been recently synthesized.

The surface functional groups and the solid support are
found to determine their extraction efficiency toward Pt
species [1 - 4].

An important class of ligands for coordination of
Pt refers to the aromatic nitrogen-containing hetero-
cycle compounds, which offer the possibility of strong
metal-ligand interaction. Schiff bases among them are
promising coordinating agents for the development of
sorption materials, first of all, due to the azomethine
group in their structure and secondly, due to the vast
possibilities to influence and regulate their chelating
ability [5]. The 4-aminoantipyrine based heterocyclic
Schiff bases combine some indispensable characteristics
for noble metals complex formation, namely N-donor
atoms for metal chelation, an aromatic ring providing an
increased lipophilicity and substituents in the ring to en-
hance N-donor capacity [6 - 8]. In addition, the carbonyl
group in their molecules is a potential donor due to the
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large dipole moment (5.48 D), while the strong basic
character makes them a very suitable ligand for solid
phase extraction of metal ions [9]. However, no data have
been reported for selective adsorption and extraction of
precious metals by using this kind of ligands. Moreover,
limited studies have discussed the applications of Schiff
bases for quantitative determinations, mainly of some
transition metals [10 - 11].

The focus of the present work is the elaboration of a
sorption system based on 4-aminoantipyrine Schiff bases
physically impregnated on silica gel for selective solid
phase extraction of Pt species. The first stage refers to
the synthesis of Pt selective ligands derived from Schiff
bases of 4-aminoantipyrine and the development of Pt
selective sorbents by impregnation of the ligands on
silica gel. The second stage is devoted to the evalua-
tion of the extraction efficiency of the newly developed
materials and the establishment of the optimal condi-
tions for selective enrichment of Pt species. An analyti-
cal procedure for the determination of Pt(II)/Pt(IV) in
environmental samples is developed, characterized and
applied to sea water and waste materials samples.

EXPERIMENTAL
Reagents

All chemicals were analytical reagent grade and
were used without further purification. Stock solutions
of Al(1II), Cu(Il), Fe(Ill), Mn (II), Ni (II) and Zn (II)
(1000 ug mL™") in 2 % HNO, were provided by Titrisol,
Merck (Darmstadt, Germany, www.merck.de). The
stock standard solutions Pt(IV) (1000 ug mL™") in 5 %
HC were purchased from Sigma—Aldrich (Germany).
The working standard solutions were obtained by appro-
priate dilution of the stock standard solution. Silica gel
for column chromatography (< 0.063 mm (= 230 mesh
ASTM)), 4-aminoantipyrine and substituted benzalde-
hydes were purchased from Sigma-Aldrich Ltd. The pH
adjustment was done by addition of HCI (Merck, 37 %).

Apparatus

All measurements were performed on ICP-OES
spectrometer Ultima 2, Jobin Yvon under optimized
instrumental parameters using Pt 11 203.646 wave
lenght for determination of Pt. The sample digestion
was performed on microwave digestion system
Model Milestone Ethos Touch Control (ETHOS TC).
A centrifuge NEYA 8 Giorgio Bormac was used. A
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peristaltic pump Ismatec ISM 829B was employed for
column solid phase extraction. The pH measurements
wepe conducted on a pH-meter (Hanna Instruments).

Synthesis of Schiff bases

The Schiff bases derived from 4-aminoantipyrine
(4-amino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one)
and different substituted benzene carbaldehydes were
sonochemically synthesized using the procedure de-
scribed in our previous work [12].

The chemical structures of the products presented
in Fig. 1(a-d) were confirmed by 'H- and *C-NMR, IR
and mass spectral data [13].

Sorbent Sig- Schiff * preparation

The physical immobilization of the synthesized Shiff
bases (Fig.1(a-d)) on silica gel was performed in two
steps. The first step referred to an activation of the silica
surface with concentrated HCI for 4 h under reflux and
subsequent filtration, a washing and a drying in an oven
at 150°C for 12 h. During the second step, the activated
silica gel was refluxed separately with each of the Schiff
bases in ratio 9:1 w/w in an acetone medium for 8§ h.
Finally, the sorbent was recovered from the acetone
medium and dried at 40°C for 1 h [14].

Optimization experiments in a batch mode

Batch adsorption experiments were conducted by
transferring 100 mg of Sig- Schiff *¢in 15 ml centrifuge
tube containing 10 ml of a standard solution of Pt(IV)
with a concentration of 100 pg L' or a standard solution
of Pt(IT) with the same concentration (100 pg L'!) in pres-
ence of 1 mL of 1 mol L' SnCl, to reduce quantitatively
Pt(IV) to Pt(II). The total volume of the solution was 10
mL. A suitable amount of HCI was added in order to
obtain acidity in the range of 0.001 mol L-! HCI- 1 mol
L'HCI. The suspension was agitated using a mechanical
shaker for 20 min and then centrifuged. The collected
effluate was measured by ICP-OES to determine the
remaining metal. After sorbent Sig- Schiff *¢ washing
with doubly distilled water, the retained Pt was eluted
from the sorbent with a solution of thiocarbamide in
HCl and quantified by ICP-OES. The kinetic of Pt sorp-
tion/desorption was investigated in a batch system after
transferring 10 ml of Pt metal solution (100 pg L) in
the presence of SnCl, with 100 mg of Sig-Schiff * at an
optimal pH value and agitating the mixture in the time



Petranka Petrova, Maya Chochkova,

Olga Veleva, Metody Karadjov

a)

HO

H,CO

L LI 0
N N
ﬁ/

N
\
H,C CH,

OCH,

L0
N N
ﬁ/
N
\
H,C CH,

HO

H,CO

HO b)
g
OH N\&N
\/
N
\
H,C CH,
OCH, d)
H,CO
H,CO

LLO
N N
ﬁ/
N
\
H,C CH,

Fig. 1. A chemical structure of the Schiff bases synthesized.

interval for 5 min to 60 min. The amount of Pt in the
effluates was determined by ICP-OES. The kinetics of
desorption was studied after introduction of 500 ug Pt
to 100 mg of Sig-Schiff *and their subsequent elution
within 5 min - 30 min.

Optimization of dynamic mode experiments
in a column

The dynamic mode experiments were performed in

a short glass column with an inner diameter of 10 mm
and a length of 80 mm. It was equipped with porous frits
on the top and the bottom. It was filled with 100 mg Sig-
Schiff *¢. The bottom of the column was connected to a
peristaltic pump to regulate the flow speed. The column
with the sorbent was initially washed with 1 mol L"!
HCI. Then solutions of Pt(IV) or Pt(Il) after reduction
with tin (II) chloride were pumped through the column
with a flow rate in the range of 2 mL min'- 10 mL min'.
Subsequently, the sorbent in the column was washed
with doubly distilled water and a solution of thiourea in
HCI was pumped through for Pt desorption. The eluent
flow rate was varied in the range of 1 mL min'- 5 mL
min'. The effluates and eluates were analysed for Pt
concentration by ICP-OES.

The degree of sorption (R %) was calculated using

Pt amount in the initial sample solution (Q, ) and in the
effluate (Q ;) in accordance with the equation:

R%=((Q,~Q,)/Q,) x 100,

The degree of elution (R, %) was calculated using
the amounts of Pt retained on the sorbent (Q,) and Pt
measured in the eluate (Q ) using the following relation:

R.% =(Q,/ Q) x 100.

Sample preparation

The sample of spent automotive catalysts
(preliminary well homogenized by grinding) was
weighed (0.25 g) and put into a Teflon digestion vessel.
About 10 ml of aqua regia and 0.5 ml of hydrogen
peroxide were added, the vessel was capped and placed
in the carousel of the digestion system. The digestion
was carried out in three steps: 300 W within 10 min
followed by cooling down for 1 min; 600 W within 10
min followed by cooling down for 2 min and 1000W
within 15 min. At the end of the program, the vessels
were cooled to a room temperature in a fume hood and
the pressure inside the vessels was slowly released.
The cooled digested samples were transferred to 100
mL beakers, evaporated to near dryness, diluted with
0.5 mol L' HCI and transferred with 0.5 mol L-' HCl to
100 ml volumetric flask. After filtration a sample of 45
mL was mixed with 1 mL of 1 mol L' SnCl, in order to
ensure reduction of Pt(IV) to Pt (II) and passed through
the column filled with Sig- Schiff * with flow rate 4 mL
min~'. The retained Pt(IT) was eluted with 2 ml of 0.7
mol L! thiourea in 2 mol L' HCI using an eluent flow
rate of 2 mL min™'.
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RESULTS AND DISCUSSION

The synthesis of Schiff bases of 4-aminoantipyrine
is relatively easy but their application as complexing
ligands in a quantitative analysis is restricted because
of their poor solubility in aqueous solutions and fast
hydrolysis in acidic media [15 - 16]. On the other hand,
SPE of platinum metals is favored in acidic media
which makes the sample acidity a critical parameter for
the sorption process. That is why the influence of HCI
concentration on the degree of sorption of Pt(II) and
Pt(IV) on Sig- Schiff ¢ is studied in a broad range from
0.001 mol L™ to 1 mol L-'HCl using a batch procedure.
The results obtained indicate that the sorbents possess
a high sorption efficiency (80 % - 97 %) towards Pt(II)
in the whole acidic range studied (Fig. 2). Considering
the sorption mechanism, it seems that although N-donor
atoms contribute to metal chelation, the quantitative Pt
sorption in highly acidic media could be attributed to an
electrostatic attraction of negatively charged complexes
[PtCI,]* by protonated N-containing groups [17]. It is
worth mentioning that an ion exchange mechanism has
also been proposed by different researchers for the ad-
sorption of chlorocomplexes of precious metals in HCI
media on adsorbents modified by nitrogen containing
ligands [3, 18].

On the other hand, the Schiff base stability and the
rate of its hydrolysis depend strongly on the electronic
nature of the substituent attached to the aldehyde moiety
[19]. The data obtained in the literature reveal that
the rates of hydrolysis in acidic media of Schiff bases
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Fig. 2. HCl concentration effect on the degree of sorption of
Pt(II) on Sig-Schiff *“ in presence of SnCl, (10 ml standard
solution of Pt(IT) (100 pug L") and 100 mg of Sig-Schiff *,
20 min agitation time, three replicates).
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Fig. 3. HCI concentration effect on the degree of sorption
of Pt(TV) on Sig-Schiff “¢ (10 ml of a standard solution of
Pt(IV) (100 pg L") and 100 mg of Sig- Schiff *¢, 20 min
agitation time, three replicates).

possessing an electrondonating substituent decrease with
acidity increase [20]. This is taken into account and HCI
concentration in the range 0.1M - 0.5 M HCl is selected
as an optimum ensuring a high degree of Pt(II) sorption
and a decreased rate of Schiff base hydrolysis.

Furthermore, the analogous experiments performed
with Pt(IV) demonstrate that the sorption of kinetically
inert chlorocomplexes of Pt(IV) is negligible in the
whole acidity range studied (Fig. 3).

Usually, the heating of the sorbent containing solu-
tion or the use of a microwave radiation is recommended
to facilitate the sorption of inert complexes [2]. An alter-
native approach could be referred to the introduction of
areducing agent prior to the sorption process leading to
amore labile Pt(Il). SnCl, in HCI[21], KI'in H,SO, [22]
or ascorbic acid [23] are used for that purpose. A solution
of SnCl, is used in the present work for the reduction of
Pt(IV) prior to sorption on Sig- Schiff *¢. The difference
in the sorption behavior of Pt(II) and Pt(IV) in respect
to Sig-Shiff *¢ can be successfully used for Pt specia-
tion analysis, quantifying initially only Pt(IT) and then
the total Pt content by using SnCl,. This provides the
estimation of Pt(IV) presence on the ground of the dif-
ference between the two experimental values obtained.

The process of desorption of Pt retained on Sig-
Schiff #4is studied in a batch mode. The desorbing agent
is selected taking into account the sorption mechanism
which is dominated by the chelation and the electrostatic
attraction. This suggests the choice of an eluent with
N- and S- donor atoms, which will be subsequently pro-
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tonated in acidic media forming a stable complex with
Pt. A solution of thiourea in HCI is most frequently used
as an eluent. The experiments performed with varying
concentrations of thiourea and HCl reveal that 0.7 mol
L'thiourea in 2 mol L"'HCl is the most favorable eluent
ensuring a quantitative desorption of retained Pt. The
optimal eluent volume is studied in the range from 2
mL to 10 mL. It is found that 2 ml of the eluent solution
are enough to desorb quantitatively Pt from the sorbent.
The influence of the sample volume passed through the
column is examined in the range from 5 mL to 200 mL
and it is found that Pt extraction efficiency is above 95
% up to 50 mL sample volume.

The results from the sorption/desorption studies
show that there is no difference in the extraction ability
of the different Schiff bases sorbents (Sig-Schiff *9). It
is assumed that the type of the substituents and their
positions in the aromatic ring are not essential for the
mechanism of the sorption process. In view of the fact
that all sorbents prepared behave in an identical man-
ner through their common azomethine group, carbonyl
oxygen and N-heterocycle, the further experiments are
carried out with Sig-Schiff 2.

The sorption kinetics is studied under optimized
conditions in a batch system. The effect of the contact
time on Pt(Il) adsorption using Sig-Schiff ? is presented
in Fig. 4. It is seen that the adsorption process is fast,
reaching a value close to 100 % within 40 min - 45 min.
The time dependence of Pt desorption determined in
case of an optimal eluent composition shows that 20 min
ensure the quantitative recovery of Pt retained.

The dynamic column mode is a preferable approach
to perform solid phase extraction in case of a routine
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Fig. 4. A contact time effect on the degree of sorption of
Pt(I1)/SnCl, on Sig-Schiff * (10 ml standard solution of
Pt(I) (100 pg L") and 100 mg of Sig- Schiff ).

laboratory practice. The experiments are conducted in a
dynamic mode using a glass column filled with 100 mg
of Sig-Schiff * sorbent. A sample solution of Pt (100 pg
L") in I mol L HCl and 1 mL of 1 mol L' SnCl, with a
final volume of 10 ml is passed through the column with
different flow rates, namely 2 mL min~!, 4 mL min™', 6
mL min™!, 8 mL min™' and 10 mL min™". It is found that
the sample flow rate of 4 mL min! ensures a quantita-
tive sorption of Pt(Il). The retained Pt (II) on Sig-Shiff
2 is eluted with 0.7 mol L' thiourea in 2 mol L' HCL
The complete elution of the analyte is achieved using
an eluent flow rate of 2 mL min™".

The selectivity of the sorbent toward base metals is
studied in a column mode under optimized conditions.
The effect of the various matrix ions on the degree of
sorption of Pt (II) is examined: 10 ml solution containing
Pt (IT) (100 pg L) and base metals (Al, Cu, Fe, Mn, Ni,
and Zn) is passed through the column packed with 100
mg Sig-Shiff * under optimized conditions and a sample
flow rate of 4 mL min'. It is found that the interfering
metals do not affect the retention of Pt on the sorbent.
An extraction efficiency of 96 % is reached (Table 1).
Furthermore, the experiments reveal that the extraction
ofthe base metal ions, i.e. Al(III), Cu(Il), Fe(I1I), Mn(II),
Ni(IT) and Zn(II), is negligible under the experimental
conditions used demonstrating the high selectivity
of Sig-Shiff * sorbent toward Pt(Il) in HCI solutions
and its potential application for Pt determination in a
complicated matrix. The extraction of the retained Pt
complexes from the sorbent is conducted using 2 ml of
0.7 mol L*! thiourea in 2 mol L' HCI] with an optimal
flow rate of 2 ml min™'. The recovery reached is within
the range of 95 % - 96 %.

Table 1. Matrix ions effect on Pt(IT) extraction using
Sig-Schiff .

Ions Concentration | Extraction
(mgL™) (%)
Al (IIT) 100 20+3
Zn (II) 100 15+4
Ni (II) 100 <1
Mn (IT) 100 <1
Cu (1D 200 <1
Fe (III) 100 <1
Pt (II) 0.1 96+5
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Table 2. Added/found method for Pt(Il) in seawater. Three parallel determinations.

Sample Pt(I)
Added, pg L Found, pg L Re, %
[mean + s]
Sea water 0 BDL® -
Sea water 5.00 5.23+£0.21 104.6
Sea water 10.00 9.89 +0.24 98.9
Sea water 20.00 19.78+0.42 98.9

* Below detection limits

Determination of Pt in waste materials (spent auto-
motive catalysts)

The content of Pt in spent automotive catalysts var-
ies in a wide range from very low amounts to directly
measurable concentrations. An application of prelimi-
nary enrichment is inevitable in some cases especially
in presence of high concentrations of base metals. The
accuracy and the precision of the analytical procedure
advanced are verified through the application of an
added/found method and an analysis of samples of a
known Pt content. The recovery of Pt (II) obtained by
the added/found method varies between 90 % - 95 %
with a relative standard deviation in the range from 5 %
to 9 %. The comparison between the results obtained by
the proposed analytical procedure and the known values
for Pt content in samples of spent automotive catalysts
shows a very good agreement. The determination limit
achieved is 0.9 pg g'!. Tt is based on ten times standard
deviation of the blank sample (10 o criteria).

Determination of noble metals in sea water

The analytical application of prepared Sig-Schiff a was
tested through Pt recovery studies. The noble metal ions
are spiked to 100 mL sea water samples at three different
levels (5 pg L', 10 pg L' and 20 pug L) under optimal
experimental conditions and then passed through a column
filled with 100 mg of a sorbent with a flow rate of 4 mL
min’. The retained ions are eluted with 2 mL thiourea in
HCI and quantified by ICP-OES. As evident from Table
2, the added and measured amounts amount of the analyte
are in agreement (Student’s t-test, a = 95 %) verifying the
accuracy of the procedure. The precision of the method,
expressed by the relative standard deviation (RSD) under
optimum conditions, is determined by performing 3

696

replicates obtaining RSD from 2 % - 4 % in the concentra-
tion range from 5 pg L' to 20 ug L' Pt(Il) . The detection
limits (LOD) defined as three times the standard deviation
of the blank sample are found to be 0.002 pug L.

CONCLUSIONS

New sorbents based on silica gel modified by Schiff
bases (Sig- Schiff *¢) are applied aiming an effective and
selective separation and enrichment of trace amounts of
Pt in presence of base metals. It is found that Pt(II) are
quantitatively extracted in acidic medium whereas Pt(IV)
are not retained. It is established that the Schiff bases of
4-aminoantipyrine containing different substituents be-
have in a similar way and are suitable ligands for sorption
and recovery of chloride complexes of Pt(II). The applica-
bility of the sorbents to Pt determination in environmental
samples and waste materials is examined by the added/
found method and recovery experiments with laboratory
certified samples. The results obtained demonstrate a high
extraction efficiency and selectivity of Sig-Schiff * as a
sorbent for column solid phase extraction of Pt.
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