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Abstract

A very sensitive and selective kinetic catalytic spectrophotometric method has been developed for the determination of
Cu (II). The method is based on the catalytic effect of Cu (II) on the reaction of sulfanilic acid with hydrogen peroxide
at pH 6 and 25 °C in aqueous solution. The increase in the absorbance of the reaction mixture at 330nm at a fixed time
is proportional to the concentration of Cu (II) over the range of 0.05-6 ug ml™'. Partial least squares modeling as a po-
werful multivariate statistical tool is also applied and compared for determination of Cu(Il) in aqueous solution. The ex-
perimental matrix for partial least squares calibration (PLS) method was designed with 14 samples. The cross-validation
method was used for selecting the number of factors. The root mean squares error prediction (RMSEP) and the relative
error prediction REP(%) were 0.11 and 3.78% respectively. The effects of various cations and anions on Cu (II) deter-
mination have been investigated. The capability of the method for the analysis of real sample was evaluated by determi-
nation of Cu (II) in serum samples of persons with Wilson disease.

Keywords: Copper (1), catalytic kinetic method, fixed time method, partial least squares, hydrogen peroxide, sulfanilic
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1. Introduction

At present, a lot of analytical methods have been
proposed for the determination of copper (II), including,
spectrophotometry,'= atomic absorption spectrometry
(AAS)* and spectrofluorometry.’ Compared with these
methods, Catalytic kinetic spectrophotometric methods
show advantages such as, high sensitivity, relative simpli-
city, and low experimental cost.® Their sensitivity is at
least 2-3 orders of magnitude higher than that of the ordi-
nary spectrophotometric methods. Catalytic kinetic met-
hods have been widely used in determining many analytes
at nanogram levels.”™®

Copper is an essential heavy metal required for
many enzymes to be active, including enzymes involved
in cellular respiration(cytochrome c¢ oxidase), iron oxida-
tion (ceruloplasmin), pigment formation (tyrosinase),
neurotransmitter biosynthesis (monoamine oxidase), an-
tioxidant defense (superoxide dismutase) and connective
tissue formation (lysyl oxidase).” Copper plays many
physiological roles, and it is important to carry out the
proper functioning by combining with proteins, enzymes,

hormones and vitamins, and so on. Copper distributes wi-
dely in animal tissues and is also one of the essential ele-
ments in human body. Therefore, the lack of copper in the
body will result in health problems, such as anemia, leu-
kopenia and atherosclerosis. Abnormity of copper meta-
bolism in the body will cause some hereditary diseases,
(e.g., Wilson diseases).'® Copper at only very low levels is
an essential element and is toxic at higher levels in plants.
As far as most living organisms are concerned, copper at
about 40 ng mL" is needed for their normal metabolism'".
Hence, it is necessary to seek highly sensitive, accurate,
and selective analytical methods for quantitative determi-
nation of copper at trace levels.

2. Theory

The theory and application of partial least squares
calibration (PLS) in kinetic method have been discussed
by several papers and books.'>'7 A brief theory is given
here. PLS is a quantitative spectral decomposition techni-
que that is closely related to principal component regres-

Ghasemi et al.: Sensitive Kinetic Spectrophotometric Determination of Copper (II) ...



Acta Chim. Slov. 2008, 55, 184—189

sion (PCR). However, in PLS the decomposition is perfor-
med in a slightly different fashion. Instead of first decom-
posing the spectral matrix into a set of eigenvectors and
scores, and regressing them against the concentrations as
a separate step (as done in PCR), PLS actually uses the
concentration information during the decomposition pro-
cess. Thus, the eigenvectors and scores calculated using
PLS is quite different from those of PCR. The main idea
of PLS is to get as much concentration information as
possible in to the first few loading vectors. There are ac-
tually two version of the PLS algorithm; PLS1 and PLS2.
The differences between these methods are subtle but ha-
ve very important effects on the results. In PLS1, a separa-
te set of scores and loading vectors is calculated for each
constituent of interest. In this case, the separate set of sco-
res and loading vectors are specifically tuned for each
constituent, and therefore, should give more accurate pre-
dictions than PCR and PLS2.

In this study we proposed a sensitive, selective and
simple method for determination of copper, by application
a fixed time as a univariate method and PLS using full ki-
netic curve information as a multivariate method, based
on its catalytic effect on the addition reaction of sulfanilic
acid — hydrogen peroxide in aqueous solutions.

3. Experimental

3. 1. Reagents

All solutions were prepared from analytical grade
chemicals and triply distilled water. A stock copper (II)
solution was prepared by dissolving 1.000 g of copper
metal (99.99%) into 30 ml nitric acid. The working solu-
tions were made by appropriate dilution of the stock befo-
re use. A 5.0 - 10 mol L™ aqueous solution of (sulfanilic
acid), SA (Merck) prepared daily and used. A 1 mol L™
aqueous solution of hydrogen peroxide was prepared us-
ing a commercially 30% hydrogen peroxide (Merck). To
keep constant pH of solution at desired values a 0.04 mol
L' buffer solution was made by mixture of acetic, boric
and orthophosphoric acid (all from Merck) and used.

3. 2. Apparatus

Electronic absorption measurements were carried
out on a CECIL 9000 spectrophotometer using 1.00cm
quartz cells. Measurements of pH were made with a Me-
trohm 692 PH meter using a combined electrode.

3. 3. Computer Hardware and Software

All absorption spectra were gathered, digitized and
stored from 275 to 600 nm in steps of 1 nm and then trans-
ferred (in ASCII format) to a Pentium 200 MHz computer
for subsequent manipulation by PLS program. The data
treatment was done with MATLAB for windows (Math

works, version 6.5). PLS program (for calibration—predic-
tion and experimental design) of PLS-Toolbox (Eigenvec-
tor Company) was used.

3. 4. Procedure

In a regular 1ml quartz cell 180 uL of 5.0 - 102 mol
L' SA solution, 1.5 ml of 1 mol L™" hydrogen peroxide so-
lution, and 30 pL of working solution of Cu(II) 100 ppm
were placed and completed to final volume with universal
buffer (pH = 6). Then, the quartz cell placed in sample hol-
der. The temperature of the sample compartment was kept
constant at 25 °C by circulating water through it and the
spectra of the solution were recorded in the visible region.
The measuring time of the spectral profile was 1hr.

3. 5. Analysis of Serum Samples

Serum samples (0.500 ml) and 5 ml of the mixed
acid (HNO,: HCLO, % 4 : 1) were accurately transferred
into a beaker. The mixture was gently heated carefully un-
til the solution was transparent and nearly to dryness. Af-
ter cooling the solution was transferred into a 25 ml test
tube and analyzed by the recommended method.

4. Results and Discussion

It was found that the reaction between sulfanilic acid
and hydrogen peroxide is slow in buffer media. The cop-
per(Il) can catalyze the reaction, so that it will proceed
much faster with respect to a non catalyzed reaction.(Fig. 1)
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Figure 1. The absorption spectra of the reaction between H,0, and
SA, temperature 25 °C, pH = 6, [SA] 3 - 10~ mol L™, [H,0,] 4 -
107" mol L'and 4 ppm of copper(IT) at 5 min intervals.

4. 1. Effect of Variables

This part will seek for the optimize values of signifi-
cant variables. There are two accepted methods to do this,
one-at-a-time or sequential and simultaneous or global
method which considers all the variables in optimization
processes. Each of these methods have advantages and di-

Ghasemi et al.: Sensitive Kinetic Spectrophotometric Determination of Copper (1I) ...

185



186

Acta Chim. Slov. 2008, 55, 184—189

sadvantages and it is not surprising to note that the one-at-
a-time is simple to use and so this report we used this met-
hod as optimization tool.

The effect of temperature, pH, and concentration of
SA and hydrogen peroxide on reaction rate were studied
and their optimum values were selected. The influence of
temperature on reaction rate between 25-60 °C was stu-
died. The results showed that the changes in absorbance
(AA) increase with increasing temperature up to 25 °C and
then level off for the higher temperature so 25 °C was cho-
sen as an adequate temperature.

The effect of pH on reaction rate was investigated us-
ing H,PO,~CH,COOH-H,BO, solution as buffer solution.
The changes in absorbance (AA) were measured at diffe-
rent pH values. The results showed that the changes in ab-
sorbance increases with increasing pH up to pH = 6, whe-
reas higher pH decreases the changing in absorbance. The-
refore pH = 6 was selected in subsequent study. (Fig. 2)
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Figure 2. Effect of pH in the absence(a) and the presence (b) of the
catalyst 1 ppm Cu(Il): A = 330 nm, temperature 25 °C, [SA] 8 - 107
mol L, [H,0,],3 - 107 mol L™

The influence of sulfanilic acid concentration on
reaction rate in the range of 0.0005-0.1 mol L™ was stu-
died. The concentration of 0.003 mol L' was chosen as
optimal concentration. (Fig. 3)
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Figure 3. Influence of sulfanilic acid concentration on the reaction
of the SA and H,0,. Condition as in Fig. 2.

Also the influence of hydrogen peroxide concentra-
tion on reaction rate in the range of 0.1-0.6 mol L™ was
studied. The concentration of 0.4 mol L™ was chosen as
optimal concentration. (Fig. 4)
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Figure 4. Influence of H,0O, concentration on the reaction of the
SA and H,0,. Condition as in Fig. 2.

4. 2. Univariate Calibration

The absorbance vs. time was plotted for the reaction
of SA with hydrogen peroxide in the absence and presen-
ce of the catalyst. The changes in absorbance at 330 nm
were recorded. Fig. 1 shows the change in spectra of reac-
tion in presence of copper at first 300sec intervals of the
reaction period. Under these optimum working conditions
a calibration curve was prepared, using fixed time met-
hod. The AA vs. concentrations was linear in the range of
0.05-6 pg ml™! for copper (II) with a detection limit of
0.028 pg ml™!. Ten replicate analyses of 10 sample solu-
tions (0.02 pug ml™") of Cu (II) gave a R.S.D. of 1.6%.

4. 3. Multivariate Calibration

To perform the determination of the Cu (II), the
PLS1 method as a multivariate method that can handle the
higher level of the noise in experimental data, was evalua-
ted. For this purpose a synthetic set of 21 solutions of cop-
per (II) were prepared randomly and change in spectral
profiles were recorded and saved for subsequent computa-
tion. From the series, 14 solutions were chosen for the ca-

Table 1. Concentration data of calibration set for Cu (II).

Solution Copper(1) Solution Copper(Il)
number (ng ml™) number (ng ml™)
1 0.05 8 3.0
2 0.5 9 4.0
3 0.9 10 4.2
4 1.0 11 5.0
5 1.5 12 5.7
6 1.9 13 6.3
7 2.5 14 6.6
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libration (Table 1) and the other seven were used as prob-
lem or test set solutions (Table 2). The test solutions were
chosen according to their score situation on the graph of
scores of first principal component vs. second principal
component inside the range of calibration solutions.

Table 2. Concentration data for the prediction set and their predict-
ed values for the Cu (II).

Solution Copper (IT) (ug ml™)
number Added Found Error (%)
(ug mI™) (ug mI™)
1 0.70 0.67 4.28
2 1.30 1.28 1.50
3 2.10 2.15 -2.30
4 3.40 3.37 0.88
5 4.60 4.71 -2.39
6 6.00 6.14 -2.30
7 7.00 6.92 1.15

4. 4. Selection of Optimal Number of Factors

To find the optimum number of significant factors
(latent variables) in the PLS modeling, to have a model
without over fitting the concentration data, a cross-valida-
tion method, leaving out one sample at a time was
used.'®! As the training set comprised 14 spectra, the
PLS calibration was performed on all of them and the
concentration of the excluded sample was predicted. The
process was repeated 14 times (one for each sample), and
using this calibration, the concentrations of the com-
pounds in each sample were compared with the known
concentration of the compounds in the reference sample
and the prediction error sum of squares (PRESS) was cal-
culated. The PRESS was calculated in the same manner
each time a new factor was added to PLS models. One
reasonable choice for the optimum number of factor
would be the number which yields the minimum PRESS.
However, using the number of factors that yields a mini-
mum PRESS, /" (number which corresponds to the mini-
mum values of the PRESS curve vs. number of factors or
principal components) leads to over fitting. A better crite-
rion for selecting the optimum number of factors involves
the comparison of PRESS from models with fewer than /"
factors. The F-statistic was used to determine significance.
Haaland and Thomas '® empirically determined that an F-
ratio probability of 0.75 is a good choice. So, we also se-
lected as the optimum the number of factors for the PRESS
value the F-ratio probability of which drops below 0.75.
The PRESS value has minimum value at the number of
factors of 3 for copper. Therefore, this number of latent va-
riables was selected as the optimum number of factors for
PLS1 model building. The results obtained by applying
PLS1 algorithm to the seven prediction samples are listed
in Table 2. Table 2 that also show the percentage error for
prediction of a series of coppers. The percentage errors
were also quite acceptable, as they never exceeded 4%.

4. 5. Statistical Parameters

For the optimized model two parameters were selec-
ted to evaluate the prediction ability of the model for de-
termination of copper (II) in the prediction set. The pre-
dictive ability of a multivariate calibration model is usual-
ly expressed in terms of root mean square error of predic-
tion RMSEP which is determined for an independent test
set. Clearly, the adequate validation of a multivariate mo-
del requires a certain minimum number of test samples. A
reasonable criterion for the number of test samples would
be to demand that the resulting estimate of RMSEP is suf-
ficiently precise for the application at hand.*® The root
mean square error prediction (RMSEP) (cross validation),
which is an indication of the average error in the analysis.
The RMSEP values are an estimate of the absolute error
of prediction for each component.

, 0.5

RMSEP = lz(l —x, ]

L

Second parameter was relative error of prediction
(REP) that shows the predictive ability of each compo-
nent, and is calculated as:

REP(%)=100/X . P_Z ("“]w ¥

n iy

where x;, is the true concentration of the analyte in the
sample i, )?l. represents the estimated concentration of the
analyte in the sample i, X is the mean of true concentra-
tions in the prediction set and # is the total number of sam-
ples used in the prediction sets. The value of RMSEP,
REP% and PRESS in the optimum number of factors for
copper concentration in the prediction set were 0.11, 3.78,
and 0.53 respectively.

4. 6. Effect of Foreign Ions

The interference due to several cations and anions
was studied in detail. Different amounts of ionic species
were added to the reaction solution containing 4 pg ml™' of

Table 3. The maximum tolerance value of various cations and an-
ions on the measurement of 4 g ml™" Cu(Il) by the suggested
method.

Interfering ions Tolerance limit

(bgml™)
AI**, Co™, Mg™, K, Na*, Li*, NH,*, 130
Ni**, Ca**, Ba™, SO,
HPO,”, Cr,0.7, C,0,> 15
Br, SO 2
CO,*, Hg*, NO™, Fe**, NO*, §* Interfered

Note: The interference effect of Fe**, Hg?* AI**, Co**, Mg**, Ni**,
Ca”*, Ni**, Ca®*, Ba** eliminated by using F~ (3 - 102 mol I™') as
masking agent.
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copper (II). The tolerance limits are the concentrations of
interfering ions that cause a 3-5% change in actual con-
centration of Cu*. As can be seen in Table 3, some metal
ions including Fe**, Hg?* can interfere with the determina-
tion of copper. The tolerance limits for the different ions
studied are listed in Table 3.

4. 7. Application of the Model
to Spiked Real Matrix Samples

The optimized PLS1 model was applied to the
analysis of three serum samples of Wilson patients. Re-
sults are summarized in Table 4. The results in Table 4
show that the PLS1 model is able to predict the concentra-
tions of copper in real samples. A comparison of predic-
tion ability of PLS1 and fixed time methods in the reco-
very results obtained by application of two methods are
depicted in Fig. 5. As shown the prediction ability of
PLS1 is superior to the fixed time method. It is not surpri-
sing to say, the PLS1 method is considered as a principal
component based method which commonly can utilized
whole spectrum in the analysis. This property enables it to
decrease the effect of the random noise in the different
steps of the analysis. As can be seen from Tables 5, the re-
coveries of copper (II) by PLS1 method were 95-106%
and the results obtained by the PLS1 method were
104-113%. The results obtained by the proposed methods
(PLST1 and fixed time methods) and the AAS method sho-
wed good agreement.
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Figure 5. Recovery study of Cu (II) in real samples by PLS and
fixed time methods.

Table 4. Recovery study of real samples.

5. Conclusion

Determination of copper (II) based on its catalytic
effect on the reaction of SA and hydrogen peroxide with
the fixed time method and a multivariate calibration met-
hod, PLS1 modeling is presented established. The method
is very simple and has satisfactory prediction ability for
the real samples. The results showed the approximate su-
periority of the PLS1 method over the fixed time method
as a univariate method. The method has acceptable detec-
tion limit and the sensitivity and reproducibility are in the
margin of these type of studies.
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Povzetek

Razvili smo obcutljivo in selektivno katalitsko spektrofotometricno metodo za dolocanje Cu(II). Osnovana je na oksida-
ciji sulfanilne kisline z vodikovim peroksidom v prisotnosti Cu(II) pri pH 6 in pri 25 °C. Povecanje absorbance pri 330
nm pri stalnem ¢asu je bilo linerano odvisno od koncentracije Cu(I) v obmo&ju 0.05-6 pg ml™'. Za dologitev Cu(II) v
vodnih vzorcih smo uporabili metodo delnih najmanjsih kvadratov (PLS) s 14 vzorci in uporabili navzkrizno validacijo.
Preucili smo uéinke prisotnosti razli¢nih anionov in kationov pri analizi realnih vzorcev krvnega seruma oseb z Wilso-
novo boleznijo.
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