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Abstract

The thiocyanate complexes of Pd(l1), Pt(ll) and Pt(1V) were studied by capillary zone electrophoresis. Pd(Il) can be
detected in the form of the thiocyanate complex at 305 nm with higher sensitivity than in the form of its chloro complex
(absorption maximum 214 nm). A detection limit equal to 5 ppb for Pd has been finaly achieved. The possibility of
simultaneous determination of Pd(11) and Pt(IV) in the form of thiocyanate complexes has also been demonstrated. When the
method optimized for the determination of Pt(I1) was applied to the drugs Cykloplatin and Ribocarbo (containing
carboplatin) and Platidiam (containing cisplatin), good agreement of the platinum content with the declared value was
obtained. Samples of vehicle exhaust particulates (National Institute for Environmental Studies, Japan, No. 8 reference
material) were also analyzed. [0 1999 Elsevier Science BYV. All rights reserved.

Keywords: Palladium; Platinum; Metal complexes; Thiocyanates; Carboplatin; Cisplatin; Metal cations

1. Introduction

There is an increasing interest in the use of metal-
containing compounds in medicine. Their chemical
properties are often utilized in biological systems for
diagnosis and therapy. The interest in the interaction
of organic complexes of platinum group metals
(PGMs) [1,2] with biological molecules began about
25 years ago with connection to the discovery of
their anticancer activity. For the determination of
these metals in different materials a number of
instrumental techniques [3], often with low limits of
detection (LODs), are applied. Atomic absorption
spectrometry (AAS) and inductively coupled plasma
(ICP)-MS [4] and adsorptive voltammetry [5] are
usualy used for the determination of total metal.
Electrokinetic capillary chromatography [6] with MS
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detection or postcolumn derivatization and various
types of HPLC [7-9] are used for the determination
of PGM species. A number of reports describe
methods for the separation and determination of
intact drugs, especially cisplatin [10-12] and carbop-
latin [12], by HPLC procedures in biological samples
like serum and urine. Capillary zone electrophoresis
(CZE) is a more and more used technique due to its
high separation efficiency [13] and short analysis
time and has been applied to the determination of
some inorganic and organic metal complexes. Buch-
berger and coworkers [14,15] made the separation of
transient metal ions including Pd and Pt in the form
of cyano complexes by CZE. Aguilar et al. [16] has
used cyano complexes to determine PGMs in leach-
ing solutions of automobile converters. Mojski et al.
made the CZE separation of PGM in the form of
bromo complexes [17]. Recently, Khramov and
Havel used thiourea for the HPLC and CZE sepa-
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ration of PGM and developed a method for the
determination of Pt, Rh, and Pd [18]. Alloys of
PGMs are usualy dissolved in a mixture of HCl—
HNO, and CZE was applied for their determination
in the form of chloro complexes [19-21]. The
background electrolyte based on the mixture of HCl—
KCl solution was used in these cases. In diluted
aqueous solutions PGM can undergo hydrolysis and
form a great number of species [22-24]. In this
sense, speciation of iridium has been recently studied
by capillary electrophoresis [25].

In this paper, determination of Pt and Pd in model
and rea samples (the anticancer drugs, National
Ingtitute for Environmental Studies, Japan [NIES]
material) in the form of thiocyanate complexes was
studied because the higher stability and molar ab-
sorptivity coefficients of these compared with chloro
complexes are promising.

2. Experimental
2.1. Instrumentation

Spectraphoresis 2000 (Thermo Bioanalysis, CA,
USA), instrumentation was used with an uncoated
fused-silica capillary, length 68 cm, effective length
60.5 cmX75 um I.D. The reversed polarity mode of
the CZE system (anodic pole at the side of detection)
was applied. Spectrophotometric measurements were
done on UV—Vis spectrometer UV2 (Unicam, UK).

A mineralization device Plasma 1101 (IPC, CA,
USA), producing high frequency (13.5 MHz, 1500
W) low-pressure (10-500 Pa) oxygen plasma that
serves to effect efficient combustion of the organic
compounds containing samples was used.

An ICP-MS ELAN 6000 (Perkin Elmer, UK)
instrument was used for spectrometric measure-
ments.

2.2. Reagents

The stock solution of 0.02381 mol 1~* Pd(Il) was
prepared by dissolving of the metal in 15 ml 5.692
mol 17" HCl and diluting to 200 ml with distilled
water. The stock solution of Pt(1V) was prepared by
dissolving Pt metal (2.8428 g) in HNO,—HCI (1:9),
fuming the solution to dryness with hydrochloric

acid and diluting to 100 ml with 0.2 mol |~* HCI.
The working solutions were prepared by diluting the
stock solutions with double-distilled water. The
solution of Pt(Il) was prepared by heating 5.2 ml of
Pt(IV) stock solution with 1.64 ml 0.8% hy-
drazinium hydrate up to 40°C and then dissolving it
up to 100 ml with 0.2 M HCI.

Cykloplatin drug (containing carboplatin) and
Platidiam drug (containing cisplatin) were obtained
from Lachema (Brno, Czech Republic). Ribocarbo-L
(containing carboplatin) drug was obtained from
Ribosepharm (Haan, Germany).

All other chemicals were of analytical grade purity
and were obtained from Lachema.

The electroosmotic flow was determined from
migration time of acetone. Mesityl oxide, often
applied for the purpose, cannot be used here because
it forms complexes with Pd(ll) and Pt(1V)
(CxH,0OPdCl),, CsH,,Cl,OPt [26] and it was found
that it interferes with the determination of both
metals.

Between each run the capillary was flushed for 1
min with pure water, 3 min with 0.1 M HCI and
followed by flushing with the running buffer for 3
min.

2.3 Sample preparation

The reference material NIES No. 8 (Vehicle
Exhaust material), certified only for Al, As, Ca, Cd,
Co, Cr, Cu, K, Mg, Na, Ni, Pb, Sh, Sr,V, and Zn,
was dissolved in the following way: 1 g was placed
on the glass dish and inserted into the combustion
chamber of a Plasma 1101 mineralization apparatus.
After the combustion (5 h), 0.5 ml concentrated
HCIO, were added, the mixture was dried under
infralamp and then dissolved in 1 ml of water. This
solution was filtered through a 0.45 pm filter apply-
ing a syringe and the filtrate was then analyzed by
CZE.

A 100-fold dilution of the drug solutions by
double distilled water was applied.

For the formation of thiocyanate complexes two
different derivatization procedures for the prepara-
tion of the sample were tried:

2.31. Procedure 1
To the sample solution (0.1 ml) 0.5 ml of 1 mol
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|~* KSCN was added, the mixture was heated for
7-10 min in a boiling water-bath, after cooling down
the solution was diluted by water to 10 ml and
analyzed by CZE.

232 Procedure 2

To the sample solution (0.1 ml) 0.1 ml of concen-
trated HCIO, was added, the mixture was fumed to
dryness and after adding 0.5 ml of 1 mol 1~* KSCN
and waiting for 10 min the solution was diluted to 10
ml and analyzed by CZE.

3. Results and discussion

3.1. Spectrophotometric study

The thiocyanate complexes of Pt metals show
different absorption spectra in comparison to chloro
complexes. The values of absorption maxima of
thiocyanates are: 308, 242 and 288 nm for Pd(ll),
Pt(1l) and Pt(1V), respectively, while absorption
maxima equal to 223, 216 and 262 nm were ob-
served for chloro complexes [27]. However, for the
determination by CZE, scanning at several wave-
lengths is chosen; 305, 245 and 290 nm for Pd(11),
Pt(11) and Pt(I1V)), respectively, owing to the real
possibilities of the detector. During the simultaneous
determination of Pd(Il) and Pt(IV), absorbance was
measured at 295 nm, between their absorption max-
ima.

First, the formation of Pd(SCN); , Pt(SCN)3~
and Pt(SCN)Z’ from the chloride solutions was
studied. The thiocyanate complex of Pd(I1) isformed
rather fast and it is then stable even after heating or
standing for severa days. Absorbance of the Pd(I1)—
thiocyanate complex is twotimes higher than that of
Pd(I1)—chloride. In the case of Pt(11,1V), the transfer
of chloro to thiocyanate complexes is much slower.
A constant absorbance value was attained only after
1-2 days of standing. However, after heating the
solution in a boiling water-bath, this period can be
shortened to 5-10 min.

3.2, Optimization of CZE conditions

After optimization of all conditions the following

values were found to be optimal: 0.1 mol | ~* KSCN
adjusted by adding HCIO, (perchlorate does not
form complexes with PGM) to pH 3 as background
electrolyte (BGE), temperature 50°C, separation
voltage —10 kV, hydrodynamic injection 4 s. In the
sample solution the concentration of thiocyanates
was maintained at 50 mmol |~*. Pd(I1) under the
presence of an excess of thiocyanate and at pH 3 is
present completely in the form of Pd(SCN)ff (Fig.
1). In case of Pt(I1,1V), the presence of Pt{(SCN)3~
and Pt(SCN)g’ is expected under the conditions
described above, analogically to chloro complexes
[19]. It should be noted that for sample solutions
with a low ionic strength it is better to use electro-
Kinetic injection, the signal is then 3—4 times higher
than with hydrodynamic injection for the same time.

3.3 CZE separation

The standard solutions of chloro complexes of
PGM were used as the samples in following mea-
surements. Results of simultaneous determination of
Pd(I1) and Pt(IV) under the conditions described
above are shown in Fig. 2. For both variants of the
sample preparation the same results were obtained
for Pd(11). In the case of Pt(1V), the higher peak was
obtained using Procedure 2. Simultaneous determi-
nation of Pt(ll) with Pd(l1) and Pt(IV) at 295 nm
(for Pt(I)—thiocyanate 245 nm need to be used) is
not suitable owing to low absorbance of Pt(SCN)i’,
but separation appears. In addition, using Procedure
2 Pt(I1) will be oxidized to Pt(IV). For the individual
determination of Pd(l1) and Pt(l1), Procedure 1 is
recommended concerning their easier conversion to
thiocyanate complexes. Procedure 2 is necessary to
apply for Pt(1V) determination to improve the con-
version of Pt(1V) to thiocyanate complex and to
prevent possible reduction of Pt(1V) to Pt(l1).

The calibration curves for the individual determi-
nation of Pd(Il), Pt(11) and Pt(IV) were evaluated for
the peak height and they show a good linearity for
concentrations in the range of at least two orders of
magnitude. The equations for calibration dependen-
cies were: y=0.161x—0.221 (R*=0.998) for Pd(Il),
y=0.236x—0.84 (R°=0.999) for Pt(ll) and y=
0.495x—12.08 (R*=0.998) for Pt(IV) (R means
correlation coefficient, x is concentration in mol 1%,
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Fig. 1. Distribution diagram of Pd(11) species in chloride-thiocyanate system, concentration of Pd(11) 1.0-10* mol 1%, pH 3, ¢.,- = 0.1 mol
| ~*. Diagram calculated using stability constants as published in literature [30].

y is absorbance). However, the electrolyte used is
unbuffered and this usually leads to imprecision.
Some characteristics of thiocyanate complexes are
given in Table 1, where the LODs were determined
for the conditions as described above. Using lower
concentrations of KSCN (in diluted samples,
Cusen=10"° mol | 7%, electrokinetic injection 8.0 ),
LOD as low as 5 ppb for Pd(Il) was achieved.

3.4. Applications
The method developed was used to analyze

Cykloplatin and Ribocarbo containing carboplatin (1)
and Platidiam containing cisplatin (I1).

(o]
\
-0 NH; C NH3
<>< >’< \Pt/
//—0 NH, / \

(o)

NH,

I II

Pt in these pharmaceutica products is better
determined in the form of P{(SCN)>  using Pro-
cedure 1. For the calibration a standard solution of
Pt(Cl)>~ was used. A good agreement with the
declared value was achieved for analysis of cisplatin
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Fig. 2. Electrophoreogram of a simultaneous determination of Pd(11) and Pt(IV) at 295 nm, Cpyq,, =2.38-10"° mol 17, ¢pypyy =7.32:107°
mol |~*. Background electrolyte: 0.1 mol 1 KSCN, pH 3 (adjusted by HCIO,), temperature 50°C, separation voltage applied —10 KV,

hydrodynamic injection 4 s.

(Fig. 3). In the cases of Cykloplatin and Ribocarbo,
the obtained values were lower than nominal values
(Table 2), but approximately in accordance with ICP
values.

The method for Pd(ll) determination was also
applied for NIES No. 8 standard material to de-
termine low levels of Pd(11). The solution of NIES
prepared was analyzed either by ICP-MS {120 ng
Pd(I1) per 1 g of material was found, while the
refereed value is 180+28 ng/g [28] or 23080 ng/g
[29]}, or by CZE after the addition of thiocyanates.
Owing to the complex NIES matrix, a change in
migration time of Pd(Il) peak with respect to that of

pure Pd(Il) standard was observed during CZE
analysis. In gpite of this, a satisfactory agreement
with ICP value was obtained. The value of Pd
content found by CZE was 105+34 ng/g. Our
values are dightly lower than those found in the
literature [28,29].

4. Conclusions
A new analytical method for the determination of

Pd(11), Pt(11) and Pt(1V) was developed. This meth-
od applying thiocyanate complexes offers advantage-

Table 1

Some characteristics of thiocyanate complexes and CZE analysis

Metal Procedure supposed Wavelength Migration time Mobility Limit of detection
(nm) (min) [10° cm?®/(V 9)] (ppm)

Pd(I1) 1 305 8.3 -713 0.3

P(I1) 1 245 85 —69.4 0.9

Pt(1V) 2 290 95 —60.8 23
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Fig. 3. Examples of electrophoreograms for determination of Pt(ll) at 245 nm. Curves: (1) Pt(Cl)2", c=7.7-10"° mol | %; (2) cisplatin,
¢=6.7-10"° moal |7%; (3) carboplatin, c=6.7-10"° mol |™* . The other conditions are the same as given in Fig. 2.

Table 2
Results of analysis of Pt containing drugs
Declared Found CZE Relative error R.S.D. Found ICP Relative error R.SD.
(mg/g) (mg/g) (%) (%) (mg/g) (%) (%)
Carboplatin (Cykloplatin) 10.00 8.85 115 51 8.38 16.2 0.6
Carboplatin (Ribocarbo) 10.00 9.17 83 53 8.91 9.1 13
Cisplatin (Platidiam) 1.00 1.03 3 2.9 0.88 12 33
R.S.D.=relative standard deviation (obtained from five parallel analyses).
ous possibilities for the determination of these References

metals. In the case of Pd(Il), an LOD as low as 5
ppb was reached and the method was applied to
determine Pd content in NIES standard material. The
method for Pt determination was applied to the
determination of total Pt(Il) content in several drugs.
The results obtained were close to those obtained by
ICP results. Conditions for the simultaneous de-
termination of Pd(l1) and Pt(1V) by CZE at 295 nm
were proposed.
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