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Abstract

This paper describes a procedure for the speciation of antimony by UV–vis spectroscopy using pyrogallol as complexing agent. A partial
least squares (PLS) regression was performed to resolve highly overlapping spectrophotometric signals obtained from mixtures of Sb(III)
and Sb(V). The relative error in absolute value was less than 5% when concentrations of several mixtures were calculated. The minimum
concentration determined was 3.96× 10−5 mol dm−3 and 3.98× 10−5 mol dm−3 for Sb(V) and Sb(III), respectively. The analysis of the possible
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ffect of the presence of foreign ions in the solution was performed and the procedure was successfully applied to the speciation
n pharmaceutical preparations and aqueous samples.
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. Introduction

Antimony may be found in the environment as a result of
arious anthropogenic activities. Antimony-containing com-
ounds are used in the manufacture of glass and ceramics
s well as in fire retardants. Road traffic is also a significant
ource as it is used in brake linings and tyre vulcanization
rocesses that require Sb-containing additives[1].

Unlike most other elements, antimony is more toxic than
ts organic compounds. The chemical form of its compounds
onsiderably influences toxicity as does the oxidation state of
ntimony; Sb(III) being considerably more toxic and mobile

han Sb(V). The availability of a sensitive and straightforward
ethod would greatly facilitate the determination of both

pecies.
Techniques such as atomic absorption spectrometry[2,3],

lasma emission spectroscopy[4], neutron activation anal-
sis [5] and chromatography techniques[6,7] have been
sed in the speciation of antimony. However, these tech-
iques are neither sufficiently selective nor are they easily

∗ Corresponding author. Tel.: +34 947 25 88 18; fax: +34 947 25 88 31.

adapted to routine analyses. Atomic absorption spectrom
with hydride generation (HG-AAS) is the most widely us
method[8–11]. This technique allows selective determ
tion of Sb(III) to be successfully performed in the prese
of Sb(V) [9], although it involves various long-drawn-o
phases. In the first place, the Sb(III) content of the sam
has to be determined, following which the total concentra
of antimony has to be determined. Finally, the concentra
of Sb(V) is arrived at by calculating the difference betw
the former and the latter values[8,10]. An alternative metho
of antimony speciation also using HG-AAS requires a so
what lengthy process of extraction and separation of
species[11].

Spectrophotometry, due to its simplicity, is by far the m
widespread method of analysis and is also used in antim
speciation. Abbaspour and Najafi[12] performed simultane
ous spectrophotometric determination of Sb(III) and Sb
using pyrogallol red as a complexing agent, though they
not apply their method to the speciation of antimony in
samples.

The simultaneous determination of Sb(III) and Sb
in one single stage using UV–vis spectroscopy is diffi
E-mail address: jarcos@ubu.es (M.J.A. Martı́nez). when both species are present in the medium because of
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highly overlapping signals, which prevent their calibra-
tion. Many processes propose solutions to the common
problem of overlapping signals, of which the majority
employ mathematical approaches[13–18]. Soft calibration
methods such as “partial least squares” (PLS)[19–21], have
made useful contributions to the resolution of overlapping
signals and PLS is a proven method in the resolution
of spectrophotometric[22] and electrochemical signals
[23,24].

Leishmaniasis is an inflammatory disease, occurring in
tropical regions, which affects 12 million people worldwide,
and 1.5–2 million new cases of leishmaniasis are estimated to
occur annually[25]. Treatment with antimonial drugs is the
preferred method of combating this disease. The first anti-
monial drugs contained trivalent antimony, however, clinical
benefits became associated with toxic effects and a second
generation of antimonial drugs were developed based on pen-
tavalent antimony. The quantities of Sb(V) and Sb(III) in
these drugs are determined using spectrophotometry with
bromopyrogallol red[26], which involves several stages.
Firstly, the concentration of Sb(III) is directly determined.
After subjecting the sample to a process of reduction, using
iodide in a strong acid medium as a reducing agent, the
total concentration of antimony is determined. Finally, the
concentration of Sb(V) is calculated by subtraction. How-
ever, a technique for the speciation of antimony that does
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Spectrophotometric measurements were taken using a
Varian Cary 50 Conc. UV–vis spectrophotometer.

The pH of the solutions was measured with a Crison Model
2002 (Barcelona, Spain) pH meter.

Data analysis was performed using PARVUS[27] for the
multivariate regression model.

3. Results and discussion

3.1. PLSC calibration

Fig. 1shows the absorption spectra of the pyrogallol com-
plexes with Sb(III) and Sb(V). The absorption peaks of these
compounds continuously overlap each other, which rules
out univariant calibration in the joint determination of both
species, for which reason a multivariate regression using PLS
was proposed for speciation.

With the aim testing the viability of a PLSC-
calibration in the determination of mixtures of Sb(III)
and Sb(V), 81 samples containing Sb(V) concentrations of
between 1× 10−6 mol dm−3 and 1× 10−4 mol dm−3, and
Sb(III) concentrations of between 1× 10−6 mol dm−3 and
1× 10−4 mol dm−3, were analyzed. The lower concentration
of both species of antimony analyzed was 1× 10−6 M, it was
d ignal
w ntra-
t ce
t ls of
a

and
m
m me
o mL
w k.

F
1
o

ot require such long-drawn-out stages and lengthy
reatment of samples would greatly improve upon exis
ethods.
The aim of our research is to simultaneously determ

b(III) and Sb(V) in pharmaceutical preparations by UV–
pectroscopy with pyrogallol as the complexing agent, w
ut solvent extraction and by applying multivariate calib

ion methodology (PLSC).

. Experimental

.1. Materials and equipment

All solutions were prepared with deionised water fr
Barnstead NANO Pure II system. Nitrogen (99.99%)

sed to remove dissolved oxygen.
Stock standard solutions of Sb(V) were prepared by

olving the appropriate amount of potassium hexahydrox
imonate (V) (analytical-reagent grade, Sigma, Steinh
ermany) in water. Sb(III) solutions were obtained by
olving potassium antimony tartrate (III) (analytical-reag
rade, Sigma) in water.

Solutions of the chelating agent were prepared by
olving the appropriate quantities of pyrogallol (analyti
eagent grade, Merck, Darmstadt, Germany) in water.

Britton–Robinson buffer pH 2 was used.
The procedure was used to analyse the pharm

ical preparation Meglumina antimoniato (Glucantim®)
.5 g/5 mL, Rhodia S.A.
ue to for lower concentrations no adequate analytical s
as obtained. In relation to the higher analyzed conce

ion, a value of 10−4 M was considered high enough sin
he aim of the method was the analysis of the trace leve
ntimony.

The following procedure was used in the preparation
easurement of the different samples: 2 mL of a 1× 10−2

ol dm−3 pyrogallol solution were added to a known volu
f standard Sb(III) and Sb(V) solution made up to 100
ith Britton–Robinson buffer (pH 2) in a volumetric flas

ig. 1. UV–vis spectra of: (—), 10−4 mol dm−3 of Sb(III); (�),
0−4 mol dm−3 of Sb(V); (×), 5× 10−5 mol dm−3 of Sb(III) and 5× 10−5

f Sb(V). pH = 2 (Britton–Robinson); [pyrogallol] = 2× 10−4 mol dm−3.
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Table 1
Variance explained in the blocks of predictors and response and cross-validate variance (C.V.) for the concentration of Sb(V) and Sb(III) by using the PLS
model constructed with the original signal

Latent variables
index

Sb(V) Sb(III)

Explained variance
of Y block (%)

C.V. Explained variance
of Y block (%)

Variance of X
block (%)

Explained variance
of Y block (%)

C.V. Explained variance
of Y block (%)

Variance of X
block (%)

1 93.916 94.131 97.038 93.184 92.581 97.331
2 94.159 98.427 98.758 93.457 93.042 98.891
3 98.548 99.560a 99.091 93.703 96.653 98.972
4 98.664 99.521 99.117 94.207 98.044 99.157
5 99.139 98.110 99.209
6 99.242 98.376 99.232
7 99.289 98.920 99.272
8 99.403 99.007 99.300
9 99.745 99.065 99.341

10 99.796 99.086 99.369
11 99.896 99.104a 99.379
12 99.921 99.070 99.389

a Maximum cross-validate variance reached.

The solution was left for 30 min to allow sufficient time for a
complex formation of Sb(V) and pyrogallol at room temper-
ature. Finally, absorbance was measured from 200 nm up to
800 nm.

The PLSC model constructed with all 81 samples gave
poor results, for which reason different PLSC models were
constructed with separate subsets within the overall set of
samples. The best results obtained, in the case of Sb(V),
were for concentration zones ranging between 3.96× 10−5

mol dm−3 and 9.94× 10−5 mol dm−3 and, in the case of
Sb(III), between 3.98× 10−5 mol dm−3 and 9.90× 10−5

mol dm−3. All the spectra were digitalized, giving absorb-
ance readings at 71 wavelengths between 220 nm and
290 nm for the determination of Sb(III) and at 101 wave-
lengths between 220 nm and 320 nm for the determination of
Sb(V).

PLS is a widely used regression method in which informa-
tion from the concentration values is used in the calculation
of the so-called latent variables, which are linear combina-
tions of the original variables. To maintain the maximum
prediction ability of the model, it is convenient to optimize
the predictive residual error sum-of-squares (PRESS) of the
PLS models, constructed with the calibration data[22,28];
thus:

PRESS(k) =
m∑

(c − ĉ )2

i
i
c
a e,
a imi-
n of
l les is
c
p In

other words, it is essential that neither the cancellation group
nor an initial autoscaling of all the samples should intervene
in the process of calculating the PLS model. If the data were
autoscaled, the mean and variance of all the samples would
intervene. In this work, the full cross-validation procedure-
PLSC-is used instead of partial cross-validation.

Calculation of the PRESS involved was done with three
cancellation groups by constructing three PLSC models for
a number of latent variables, eliminating 9, 8 and 8, respec-
tively, from the 25 absorption spectra[23,32].

Table 1shows the results in percentages of explained vari-
ance and cross-validation variance as a function of the number
of latent variables. It is clear that the inclusion of new latent
variables causes the explained variance to rise; however, if the
model includes anith latent variable unrelated to the response,
rather than continuing to increase, the cross-validate variance
will decrease. The minimum PRESS is reached for the num-
ber of latent variables that give the maximum cross-validate
variance.

In accordance with this criterion, 3 and 11 latent variables
had to be taken for Sb(V) and Sb(III), respectively. In all
cases, the cross-validate variance exceeded 99%.

The concentration found with this model for each anti-
mony species was compared to the true value.Table 2shows
the values for true concentrations of Sb(V) and Sb(III), cal-
culated with the PLSC model for the 25 calibration samples.
T in the
c

tion
m onal
s del
w was
a 3).

lcu-
l nd as
a ror of
i=1

i k/i

n which ci is the concentration corresponding to theith cal-
bration sample (ith element of the vectorc), andĉk/i is the
oncentration estimated by the PLS model withk latent vari-
bles calculated when theith sample is removed. In practic
more stable estimation is obtained if, instead of el

ating only one sample to calculate the concentrationk
atent variables, the highest possible fraction of the samp
ancelled. The importance of full cross-validation[29], com-
ared with partial cross-validation[30,31]has been shown.
he average relative absolute error obtained was 4.8%
alibration of Sb(V) and 0.8% in the case of Sb(III).

In order to check the performance of the PLSC-calibra
odels, they were applied to a test set of four additi

olutions, which differed from those upon which the mo
as built. At this stage, the figure of merit considered
ccuracy, which includes precision and trueness (Table

The accuracy of the predictions, or total error, was ca
ated as the mean square error of prediction (MSEP) a

percentage, through the relative root mean square er
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Table 2
Concentrations calculated with PLSC model and relative errors in absolute obtained in the determination of the concentration of Sb(V) and Sb(III)

Sample [Sb(V)] real
(mol dm−3)

[Sb(III)] real
(mol dm−3)

[Sb(V)] found
(mol dm−3)

Relative absolute
error (%)

[Sb(III)] found
(mol dm−3)

Relative absolute
error (%)

1 3.98× 10−5 4.97× 10−5 4.14× 10−5 4.02 4.90× 10−5 1.41
2 3.96× 10−5 8.92× 10−5 3.92× 10−5 1.01 8.95× 10−5 0.34
3 3.96× 10−5 9.90× 10−5 3.66× 10−5 7.58 9.90× 10−5 0.00
4 4.97× 10−5 5.96× 10−5 4.77× 10−5 4.02 6.00× 10−5 0.67
5 4.96× 10−5 7.94× 10−5 4.60× 10−5 7.26 7.92× 10−5 0.25
6 4.95× 10−5 8.92× 10−5 4.45× 10−5 10.10 9.05× 10−5 1.46
7 4.95× 10−5 9.90× 10−5 4.96× 10−5 0.20 9.79× 10−5 1.11
8 5.98× 10−5 3.98× 10−5 6.33× 10−5 5.85 4.06× 10−5 2.01
9 5.96× 10−5 6.95× 10−5 6.06× 10−5 1.68 6.87× 10−5 1.15

10 5.95× 10−5 7.94× 10−5 6.44× 10−5 8.24 7.92× 10−5 0.25
11 5.94× 10−5 9.90× 10−5 6.58× 10−5 10.77 9.90× 10−5 0.00
12 6.97× 10−5 3.98× 10−5 6.84× 10−5 1.87 4.05× 10−5 1.76
13 6.95× 10−5 6.95× 10−5 7.35× 10−5 5.76 6.92× 10−5 0.43
14 6.93× 10−5 9.90× 10−5 7.95× 10−5 14.72 9.89× 10−5 0.10
15 7.97× 10−5 3.98× 10−5 8.07× 10−5 1.25 3.94× 10−5 1.01
16 7.96× 10−5 4.97× 10−5 7.61× 10−5 4.40 4.96× 10−5 0.20
17 7.94× 10−5 7.94× 10−5 8.40× 10−5 5.79 8.06× 10−5 1.51
18 7.93× 10−5 8.92× 10−5 7.95× 10−5 0.25 9.07× 10−5 1.68
19 8.95× 10−5 4.97× 10−5 9.24× 10−5 3.24 4.95× 10−5 0.40
20 8.93× 10−5 7.94× 10−5 8.84× 10−5 1.01 7.93× 10−5 0.13
21 8.91× 10−5 9.90× 10−5 8.73× 10−5 2.02 9.81× 10−5 0.91
22 9.94× 10−5 5.96× 10−5 9.59× 10−5 3.52 6.01× 10−5 0.84
23 9.93× 10−5 6.95× 10−5 9.14× 10−5 7.96 6.94× 10−5 0.14
24 9.90× 10−5 9.90× 10−5 9.60× 10−5 3.03 9.92× 10−5 0.20
25 8.94× 10−5 6.95× 10−5 8.47× 10−5 5.26 6.80× 10−5 2.16

prediction (RRMSEP).

MSEP(k) =
∑e

i=1(ĉi(k) − ci)2

e
and

RRMSEP(k) = 100

c̄

√
MSEP

in which,ci is the concentration corresponding to theith eval-
uation sample, ˆci(k) the concentration estimated by the PLS
model with onlyk latent variables for the same sample,e the
number of samples in the test set and ¯c is the mean of the real
concentrations.

Precision or variance in the prediction can be estimated by
calculating the bias-corrected mean square error of prediction
(BCMSEP),

BCMSEP(k) =
∑e

i=1(ĉi(k) − ci)2 −
[∑e

i=1
(ĉi(k)−ci)

]2

e

e − 1

and can be statistically compared to the precision of another
method, or with the same method under different conditions,
by an F-test of comparison of variances.

Trueness is verified by the absence of bias, which can be
evaluated with the joint confidence interval test (JCIT) of the
slope and the intercept, taking into account errors on both axes
for the real concentrations and the concentrations predicted
by the model.

Since the predictions were unbiased at the usual 95% sig-
nificance level (F0.05,2,2= 19), while the prediction errors in
terms of the RRMSEP were 3.61% for Sb(V) and 3.32% for
Sb(III), it may be said that the proposed procedure is suitable
for the joint calibration of both antimony species.

3.2. Interferences

Analysis of the possible effect of the presence of for-
eign ions in the solution was performed. Of all the metallic

Table 3
Concentration and prediction values obtained from the PLSC model in the determination of Sb(V) and Sb(III) in the four test samples

Test [Sb(III)] true (mol dm−3) [Sb(III)] found (mol dm−3) [Sb(V)] true (mol dm−3) [Sb(V)] found (mol dm−3)

t1 8.92× 10−5 9.33× 10−5 5.95× 10−5 6.11× 10−5

t2 6.95× 10−5 7.21× 10−5 7.94× 10−5 8.23× 10−5

t3 5.96× 10−5 6.11× 10−5 8.95× 10−5 9.11× 10−5

t4 8.92× 10−5 8.87× 10−5 8.92× 10−5 9.36× 10−5

M
R
B
J

SEP 6.52× 10−12

RMSEP 3.32
CMSEP 3.75× 10−12

CIT (Fcal) 1.33
8.22× 10−12

3.61
1.78× 10−12

8.07



M.J.G. González et al. / Talanta 68 (2005) 67–71 71

Table 4
Concentrations added and predictions values obtained with PLSC model in the simultaneous determination of Sb(III) and Sb(V) in spiked tap water samples

Sample [Sb(III)] added
(mol dm−3)

[Sb(III)] found (mol dm−3) Recovery (%) [Sb(V)] added
(mol dm−3)

[Sb(V)] found (mol dm−3) Recovery (%)

1 2.00× 10−6 2.0× 10−6 ± 1× 10−7 99.50 2.00× 10−6 2.0× 10−6 ± 1× 10−7 98.50
2 2.00× 10−6 2.03× 10−6 ± 9× 10−8 101.50 1.00× 10−5 9.9× 10−6 ± 1× 10−7 99.30
3 1.00× 10−5 1.05× 10−5 ± 5× 10−7 105.00 2.00× 10−6 1.96× 10−6 ± 9× 10−8 98.00

ions analysed – As(III), As(V), Cd(II), Cu(II), Fe(II), Fe(III),
Ni(II), Pb(II) and Zn(II) – only Fe(II) and Ni(II), at concen-
trations higher than 10−3 mol dm−3, and Fe(III), at concen-
trations higher than 10−4 mol dm−3, were found to have an
effect by giving absorption peaks in the same zone of wave-
lengths.

3.3. Analytical application

The PLSC model constructed in Section3.1was applied
to the determination of both species of antimony in a
commercial sample of Glucantime®, obtaining con-
centrations of 5.6× 10−2 ± 0.23× 10−2 mol dm−3 and
6.40× 10−1 ± 0.31× 10−1 mol dm−3 (n = 3, � = 0.05) for
Sb(III) and Sb(V), respectively. Good agreement was
obtained between the concentrations found and the value
of total Sb concentration as supplied by the manufacturer
(6.98× 10−1 ± 0.35× 10−1 mol dm−3). These results were
also checked using ICP-MS as a reference technique obtain-
ing 6.90× 10−1 ± 0.46× 10−1 mol dm−3 (n = 3, � = 0.05)
for total antimony concentration.

The PLSC model constructed in Section3.1 was also
applied to the determination of both species of antimony
in spiked tap water samples. Good agreement was obtained
between the concentration added and the value obtained by
the developed method as can be seen inTable 4.
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M. Jeśus Ǵomez Gonźalez also thanks the Ministerio de Edu-
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[4] A. L ópez-Molinero, O. Mendoza, A. Callizo, P. Chamorro, J.R.

Castillo, Analyst 127 (2002) 1386.
[5] Y.C. Sun, J.Y. Yang, Anal. Chim. Acta 395 (1999) 293.
[6] M. Dodd, S.L. Grundy, K.J. Reimer, W.R. Cullen, Appl. Organomet.

Chem. 6 (1992) 207.
[7] J. Zheng, A. Iijima, N. Furuta, J. Anal. At. Spectrom. 16 (2001)

812.
[8] J.Y. Cabon, C.L. Madec, Anal. Chim. Acta 504 (2004) 209.
[9] E.M.D. Flores, F.R. Paula, F.E.B. Da Silva, D.P. De Moraes, J.N.G.

Paniz, E.P. Dos Santos, V.L. Dressler, C.F. Bittencourt, At. Spectrosc.
24 (2003) 15.

[10] E.M.D. Flores, E.P. Dos Santos, J.S. Barin, R. Zanella, V.L. Dressler,
C.F. Bittencourt, J. Anal. At. Spectrom. 17 (2002) 819.
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Tecnoloǵıa (BQU2001-1126) is gratefully acknowledg
-

[15] K.H. Bauer, R. Neeb, Fresenius J. Anal. Chem. 330 (1988) 17.
[16] C. Locatelli, F. Fagioli, T. Garai, Anal. Chem. 63 (1991) 1409.
[17] I. Pizeta, Anal. Chim. Acta 285 (1994) 95.
[18] B. Raspor, I. Pizeta, M. Branica, Anal. Chim. Acta 285 (1994) 1
[19] A. Lorber, L.E. Wangen, B.R. Kowalski, J. Chemom. 1 (1987) 1
[20] E. Frank, J.H. Friedman, Technometrics 35 (1993) 109.
[21] P. Geladi, B.R. Kowalski, Anal. Chim. Acta 185 (1986) 1.
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(1997) 548.

[27] M. Forina, R. Leardi, C. Armanino, S. Lanteri, PARVUS: A
Extendable Package of Programs for Data Exploration. Classi
tion, Correlation, Version 1.3. Available from the authors. Instit
di Analisi e Tecnologie Farmaceutiche de Alimentari. Universitá di
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