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The procedure was then extended to the
analysis of a sample of poppy straw, opium and
opium dross. The materials were extracted with
either lime-water, acetic acid or ethanol-chloro-
form and analysed by MEKC and HPLC. The
levels of the alkaloids determined by MEKC and
HPLC are displayed in Table 2 and are in good
agreement. The different levels of alkaloids
extracted from the poppy straw with the lime-
water and the solvent extraction were due to the
different extraction conditions used. Similar al-
kaloid profiles were obtained when the poppy
straw was extracted with acetic acid. Partial
electropherograms showing the excellent sepa-
ration of the alkaloids in the opium and opium
dross extracts are displayed in Fig. 4.

4. Conclusion

A rapid method for the separation and de-
termination of alkaloids present in crude mor-
phine, poppy straw and opium preparations by
MEKC is described. The instrument repeatabili-
ty for area calculation was acceptable, and the
levels of the alkaloids in the samples were in
good agreement with the levels determined by
HPLC. The MEKC procedure is also faster and
less costly to operate than the HPLC method.

Acknowledgements
The authors are grateful to the National Insti-

tute of Forensic Science, Forensic Drive, Ma-
cleod, Victoria 3085, Australia for the partial

funding of this work and to Glaxo Australia for
providing a sample of milled poppy straw and
the Australian Government Analyst for his per-
mission to publish.

References

[1] V.C. Trenerry, R.J. Wells and J. Robertson, J. Chroma-
togr. Sci., 32 (1994) 1.

[2) V.C. Trenerry, R.J. Wells and J. Robertson, Electro-
phoresis, 15 (1994) 103.

[3} I. Pant and V.C. Trenerry, Food Chem., 53 (1995) 219.

[4] C.O. Thompson and V.C. Trenerry, Food Chem., 53
(1995) 43.

{5] P.A. Marshall, V.C. Trenerry and C.O. Thompson, J.
Chromatogr. Sci., (1995) in press.

[6] V.C. Trenerry, R.J. Wells and J. Robertson, J. Chroma-
togr. A, 708 (1995) 169.

{7] S. Terabe, K. Otsuka, K. Ichikawa, A. Tsuchiya and T.
Ando, Anal. Chem., 56 (1984) 111.

[8] S.F.Y. Li, Capillary Electrophoresis, Principles, Practice
and Applications, J. of Chromatogr. Library Ser., Vol.
52, Elsevier, Amsterdam, Netherlands, 1992.

[9] R. Weinberger and 1.S. Lurie, Anal. Chem., 63 (1991)

. 823,

[10] Y. Nobuhara, S. Hirano, K. Namba and M. Hashimoto,
J. Chromatogr., 190 (1980) 251.

[11] L.W. Doner and A.-F. Hsu, J. Chromatogr., 253 (1982)
120.

[12] P. Gomez-Serranillos, E. Carretero and A. Villar,
Phytochem. Anal., 5 (1994) S.

[13] V.K. Srivastava and M.L. Maheshawari, J. Assoc. Off.
Anal. Chem., 64 (1985) 801.

[14] 1. Dainis and M. Ronis, Australian Government Ana-
lytical Laboratories, National Research Report No. 106,
1983.

[15] I. Dainis, M. Ronis and V.C. Trenerry, Australian
Government Analytical Laboratories, National Re-
search Report No. 116, 1984.






Journal of Chromatography A, 718 (1995) 227-232

JOURNAL OF
CHROMATOGRAPHY A

Determination of chloride complex of Au(IIl) by capillary
zone electrophoresis with direct UV detection

. .1 .1 . »
Besnik Baraj', Ana Sastre*, Arben Merkoci', Maria Martinez
Chemical Engineering Department, Universitat Politécnica de Catalunya, ETSEIB, Diagonal 647, E-08028 Barcelona, Spain

First received 24 March 1995; revised manuscript received 7 June 1995; accepted 9 June 1995

Abstract

Capillary zone electrophoresis was used for the determination of gold(III) chloride using direct UV detection at
220 nm. By using a capillary column 70 cm long, the optimum applied voltage was found to be around -7 kV;
carrier solution containing 0.1 M HCI and 0.4 M NaCl was used as an additive. At this pH, the electroosmotic
flow-rate appears to be almost zero. The effects of chloride concentration and the applied voltage on determination
efficiency are discussed. Heat generation appeared negligible as the electric current and migration time were
reproducible. The analytical performance is discussed in terms of the detection limit, linearity and reproducibility.
A single trial was performed in 18 min. Under these conditions, Pd(II) and Pt(IV) can also be determined; the
order of mobility in the electropherogram was as follows: PACI~ > PtCl2~ > AuCl, . The method was applied to
the monitoring of Au concentration during a study of AuCl; transport through solid-supported liquid membranes.

1. Introduction

In the last 5 years, the number of applications
of capillary zone electrophoresis (CZE) has
increased greatly, but the number of papers
discussing CZE separations of inorganic cations
has remained relatively low [1-3]. This tech-
nique offers rapid and efficient separation, being
more matrix-independent than other existing
techniques. Several ligands have been proposed
for CZE analysis, including cyanide [4-6],
EDTA [7,8], 8-hydroxyquinoline-5-sulfonic acid
[9] and a-hydroxyisobutyric acid [10]. In each
case, methods using a mainly basic or slightly
acidic medium were described. Methods em-
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ployed for the determination of Au are both
numerous and heterogeneous [11-14]. Many use
dyes as complexing agents following an extrac-
tion step, which makes the procedure time
consuming and tedious. Atomic absorption spec-
trometry (AAS) or inductively coupled plasma
spectrometry is currently used [15,16].

In a study by Aguilar et al. [6], cyanide was
used as a ligand for the determination of gold(I)
and silver(I) at pH 9.6 by CZE. The samples and
carrier solution were prepared with almost the
same conductivity, and consequently the stacking
effect was not used. In addition, the ionic
strength (0.01 M NaCN) was much lower than in
the present work.

In this paper, the determination of gold(III) as
the AuCl, complex is described. The formation
of the gold chloride complex is supported by
using HC] and NaCl in the carrier solution (pH

© 1995 Elsevier Science BV. All rights reserved
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1) and in sample preparation (pH 1-2). A high
ionic strength is usually undesirable since Joule
heat is generated. To avoid this effect, a rela-
tively moderate voltage was applied (below —10
kV). Enhancement of the detection limits was
achieved by using stacking conditions.

The choice of low pH and high chloride
concentration has two distinct advantages: (a)
the gold(III) chloride complex is the predomi-
nant species and (b) as gold samples are normal-
ly dissolved in a strongly acidic medium, their
determination by this procedure is convenient.
The method was applied to the monitoring of Au
concentration during a study of AuCl, transport
through solid-supported liquid membranes. Re-
sults obtained by CZE were compared with
those of AAS analysis.

2. Experimental
2.1. Instrumentation

An ISCO (Lincoln, NE, USA) Model 3850
integrated capillary electrophoresis system
equipped with high voltage up to 30 kV and
reversible polarity was used. Samples were intro-
duced by applying a 3.4 kPa vacuum at the
detector end of the capillary. Separations were
performed with an unmodified fused-silica capil-
lary column, 70 cm (50 cm to the UV detector) X
0.05 mm I.D. A Model 4270 integrator (Spectra-
Physics, San José, CA, USA), was used to
record all data. A Shimadzu UV-240 UV-Vis
recording spectrophotometer was used to record
the absorption spectra of the gold(III) chloride
complex. The pH and the conductivity of the
solutions were monitored with a Crison-Digilab
517 pH meter and a Crison 525 conductimeter,
respectively. A Perkin-Elmer Model 2380 AAS
system was used to determine the total con-
centration (by flame) of Au in the samples.

2.2. Reagents and solutions
A chloride stock standard solution of Au(III)

was purchased from Merck. All other reagents
were of analytical-reagent grade from Merck.

Purified (18 MQ) water, obtained using a Milli-
pore Milli-Q water-purification system, was used
to prepare all solutions. All solutions were
filtered through a 0.45-um membrane filter and
degassed by ultrasound.

The carrier solution contained 0.1 M HCI and
0.4 M NaCl (conductivity ca. 65 mS cm™') and
the samples were prepared with 10-70% carrier
solution (conductivity 8-50 mS cm™").

2.3. Procedure for electrophoresis

The capillary tube was rinsed several times
with deionized water, then equilibrated with
carrier solution for 40 min before the first run.
Both ends were dipped into two separate beak-
ers filled with the same carrier solution. The
sample solution was introduced into the cathodic
end of the capillary by vacuum injection. Lastly,
a negative voltage was applied. For determi-
nation of the electroosmotic flow-rate, negative
and positive voltages were applied (using metha-
nol as a marker). When finished, the CZE system
must be cleaned carefully as the carrier solution
used is corrosive.

3. Results and discussion
3.1. Gold chloride complex

Gold(I1I) produces species which are generally
stable. Thus, gold(III) forms mixed complexes of
chloride and hydroxide [17,18], depending on
the pH and chloride concentration. The distribu-
tion diagram of Au(IIl), H" and Cl” species in
Fig. 1 shows that AuCl, is the predominant
species at pH 1-2 for Cl~ concentrations higher
than 0.01 M [19,20]. The absorption spectrum of
this species (in 0.1 M HCIl) showed a maximum
around 220 nm, which is suitable for CZE
determination with a UV detector.

3.2. CZE separation
In order to prevent hydrolysis of the chloride

complex of Au(Ill), the pH of the carrier elec-
trolyte was kept around 1 (0.1 M HCI), while 0.4
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Fig. 1. Distribution species-pH diagram. Total gold(III)
concentration, 10 ug ml™; 0.1 M CI".

M sodium chloride was used as an additive. At
such a high ionic strength, some optimization of
the applied voltage was required to obtain low
noise and a stable electric current, which could
be affected by Joule heat generation. It was
observed that it was not possible to increase the
voltage beyond —10 kV, as the electric current
was beyond the instrument limit. In addition, at
—10 kV applied voltage we noted an up-scale
excursion of the baseline (detector drift). A
voltage of —7 to —8 kV proved to be the best
compromise between the applied voltage, migra-
tion time, sensitivity and baseline noise. We also
noted that at —7 kV applied voltage the repro-
ducibility of the migration time was very good
and the current through the capillary was fairly
stable (190 wA). This means that under the
conditions used the Joule heating was negligible.

Gold samples were prepared in 10-70% car-
rier solution. Consequently, in all cases the
conductivity of the sample was lower than that of
the carrier solution, allowing the possibility of
working in stacking conditions [21,22]. Under
the conditions used (pH=1), silanols on the
capillary wall become more protonated as the
buffer pH is made more acidic, thereby reducing
the charge on the capillary walls. Corresponding-
ly, the electroosmotic flow should also be mini-
mal or approach zero [23,24]. This was con-
firmed by the fact that we were not able to detect
the methanol injected (as a marker) even when

applying a positive or negative voltage. Thus, the
electrophoretic mobility rate of AuCl, at pH 1,
neglecting any small residual electroosmotic
mobility, can be estimated using the equation

p’ep = LLd/Vtm (1)

where L is the capillary length, L, is the capil-
lary length to the detector cell, V' is the applied
voltage and ¢ is the observed migration time.
According to Eq. 1, the electrophoretic mobility
of AuCl; is —4.5-10"* cm®> V7' s7".

Working at high ionic strength and low pH
should yield a more reproducible separation,
since changes in ionic strength and pH can cause
significant changes in the magnitude of the
electroosmotic flow. In contrast, separations that
depend solely on the electrophoretic mobility are
not subject to these flow variations [23]. The
applied voltage can be increased when using a
carrier solution containing 0.1 M Cl™. Conse-
quently, the migration time of the gold complex
will be shorter. Under these conditions the
samples have to be prepared in 100% -carrier
solution to avoid the instability of the AuCl,,
but the system will not work under stacking
conditions, which improve the sensitivity and
resolution.

It is also possible to determine Pd(II) and
Pt(IV) simultaneously at 270 nm (to be pub-
lished elsewhere), while at 220 nm all three can
be determined simultaneously (Fig. 2). Never-
theless, the sensitivity of Pd(II) at this wave-
length is about twice that at 270 nm, while the
sensitivity of Pt(IV) is approximately three times
lower.

3.3. Calibration graph, detection limit and
reproducibility

Several calibration graphs were obtained by
changing the concentration of the carrier solu-
tion (10-70%) in the prepared standards. At
high sample-solution conductivity, the peak is
broad and the sampling time is therefore limited.
From preliminary experiments the following
upper limits were selected: 20-s sampling time
for samples containing 50—70% carrier solution
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Fig. 2. Electropherogram obtained for a mixture of standard
chloride complexes of Pd(II), Pt(IV) and Au(IlI). Con-
ditions: capillary, 70 cm (50 cm to detector); carrier solution,
0.1 M HC1-0.4 M NaCl; voltage, —7 kV; UV detection at
220 nm; sampling time, 10 s. Sample contained 40% carrier
solution. Peaks: 1=Pd(Il), 5 pg ml~*; 2=Pt(IV), 10 pg
ml™'; 3= Au(lll), 4 pg ml™".

and 50 s for the rest. Fig. 3 shows that by
decreasing the concentration of carrier solution
in the sample, the peaks obtained are sharper,
owing to the improvement achieved through
stacking conditions. A linear relationship be-
tween the peak area or peak height and gold
concentration in the range 0.5-25 wpg/ml was
observed under all conditions for the calibration
graphs tested (r = 0.991-0.999). The good corre-
lation indicates that this method can be used for
samples having a conductivity in the range 8-50
mS cm ' (10-70% carrier solution in the sam-
ple). In the case where the gold sample is
prepared in less than 10% carrier solution, a
decrease in the area of the AuCl, peak was
observed owing to the formation of hydrolysis
species, which occurs at higher pH and lower
chloride concentration [19]. For samples pre-
pared in more than 70% of carrier solution,
however, the peak was broad owing to the high
sample conductivity (Fig. 3, peak 1). The detec-
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Fig. 3. Electropherograms of Au(Cl); standard samples
prepared at different concentrations of carrier solution.
Conditions: sampling time, 20 s; other conditions as in Fig. 2.
Sample preparation: (peak 1) 5 ug mi~" Au(III) dissolved in
carrier solution; (peak 2) 5 pug ml~" Au(IIl) containing 50%
carrier solution; (peak 3) 4 ug ml™" Au(III) containing 10%
carrier solution.

tion limits for the different experiments per-
formed are given in Table 1. A factor of two is
often used in CZE to calculate the detection
limit relative to the baseline noise; we used a
factor of three [25]. A linear relationship was



