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Abstract

This paper describes a potentiometric method for determinatierhistidine (L-his) in aqueous media, using a carbon paste electrode
modified with tetra-3,4-pyridinoporphirazinatocopper(ll) (Cu (3,4tppa)). The electrode exhibits linear response to the logarithm of the con-
centration ofL-histidine from 2.4x 1075 to 1.0 x 10-2 M, with a response slope 6f49.5+ 1 mV and response time of about 1.5 min. The
detection limit according to IUPAC recommendation was 2.00~° M. The proposed electrode shows a good selectivity.fhis over a
wide variety of anions. This chemically modified carbon paste electrode was successfully used for the determindtiemnod synthetic
serum and RANDOX control serum solutions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction have been used in the development of anion-selective elec-
trodes based on different ionophofé% The current meth-

The carbon paste electrode (CPE) was introduced by ods for simultaneous determination of amino acids are based
Adams in 1958[1] and generally consist of Teflon well on gas chromatography], LC techniqueg8-12], capillary
into which is inserted a platinum, copper, steel, or graphite electrophoresi$13], fluorimetry [14] and a potentiometric
contact[2]. The well is filled with a paste made by mixing method which is based on a PVC-based Mn(lll) porphyrin
powdered graphite with a suitable mulling liquid. By adding membrane coated on graphite electr¢@le To our knowl-
modifier materials in paste we can improve the electrode edge, only two carbon paste electrodes were reported for de-
selectivity and sensitivity. The amount of modifier in the termination ofi-histidine by the voltammetr{i5,16]. Both
paste usually varies between 10 and 30% (w/w), dependingtechniques have a shorter linear range with our proposed
on the character of modifying agent and its capability of potentiometry technique which has also the advantages of
forming enough active sites in modified pagsé Chemi- being inexpensive and simpler method.
cally modified carbon paste electrode (CMCPE) preparation
is very simple and fast, carbon pastes undoubtedly represent )
one of the most convenient materials for the preparation of 2. Experimental
modified electrodes.

Mostly CMCPEs used in the field of voltammetric deter-
mination and only very few of these types of the electrodes
have been used in potentiomefdy5].

One of the most important recognition elements that can
be utilized in the development of potentiometric sensors in-
volves specific metal-ligand interactions. Such interactions

2.1. Materials

Graphite powder (Merck) and paraffin oil (Fluka) were
used for the preparation of the carbon paste electrode. Cu
(3,4tppa) (Fig. 1) was synthesized and purified according to
the literaturd17]. All amino acid reagents were of analytical
reagent grade from Fluka. All solutions were prepared with
doubly distilled de-ionized water.

* Corresponding author. Tek:98 9117184524; fax4-98 7112280926. A stock solution ofi-histidine, 2.01x 1072 M, was pre-
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N— double junction saturated calomel electrode. A Metrohm po-
tentiometer (pH meter model of 780) was used for pH con-
\ / trolling and a Heidoloph type of MR 2000 stirrer was used

for stirring the solutions.

N 2.4, Procedure
/ N
X 7 The electrode was immersed directly in test solution. The
‘ N Cu N ‘ pH of this solution was adjusted to 9.5 by borax buffer
N A ‘ AN (0.05M and also as supporting electrolyte). The solution
N / stirred (100 rpm) until the response of the potentiometer be-
N=— N came stable (20 min). Then certain amounts of stock solu-

tion (2.01x 1072 M 1-his) were added to the test solution.
After each addition, the potentiometer was remained to give

/ \ a stable potential, then this potential was reported as a mea-
sured potential.

N

Fig. 1. Chemical structure of tetra-3,4-pyridinoporphirazinatocopper(ll). . .
3. Results and discussion

3.1. Optimization of the amount of modifier

water. Solutions of interfering species were prepared by dis- in the electrode

solving the appropriate amount of each compound in water.
All of the working solutions were buffered at pH 9.5 using

0.05M borax buffer solutions. For this purpose, six electrodes were prepared. The

amounts of carbon powder and paraffin oil were constant
i in each electrode. The proportions of modifier in these six
2.2. Preparation of CMCPE electrodes were 5.1, 9.2, 10.3, 12.3, 15.3, 17.3 and 19.3%
. . of weight percentage of sensing element. The resulting
CMCPE was prepared by mixing 0.06009 Of graphite Nernstian slopes and correlation coefficients are given in
powder and 0.0197g of Cu (3,4tppa) complex in a SML ap16 1 According to these results, optimum amount of the
beaker and then was grinded in a mortar. Subsequently ,qitier was 17.3%. In this optimum proportion the slope
0.0340g of liquid paraffin was added to the mixture and then o yhe electrode was nearly Nernstian and its linear range
mixed well till a uniform paste was obtained. also was large.

Electrode bodies were made from a disposable 1 mL
polyethylene syringe the tip of which had been cut off with
a razor blade. These bodies were filled with approximately
0.2 mL of CMCP. Smooth surface were obtained by apply-
ing manual pressure to the piston while holding the electrode
surface against a flat solid support, and was polished with
the very smooth paper. After polishing, the working surface
of the electrode was checked for pinholes by a usual lens.

Packing carbon paste electrodes to obtain a uniform and
a reproducible surface is very important, i.e. it should be
avoided to apply too much pressure when packing the well.
This may result in separation of the carbon and oil, with a
resulting high-resistance contact between paste and metallable 1 B
[2]. The electrical connection was made with a copper OPlimization of the amount of modifier

3.2. Effect of the ionic strength on the response
of the electrode

The effect of ionic strength (0.05-0.1M borax buffer)
on the calibration curve was investigated. The electrode re-
sponse changed slightly within the 0.05-0.1 M borax buffer
solution. However, 0.05 M was chosen as an optimum value,
since in this strength the linear range was wider than the
other concentrations.

wire. Percent of Slopé Linear range R-value
A fresh electrode surface can be obtained by cutting ap- medifier
proximately 1 mm of paste and polishing the fresh surface 5.1 —43.3 4.4x 10*t0 1.0x 1072 0.992
over a smooth paper. 9.2 —44.7 24x 10510 1.0x 102 0.994
10.3 —48.4 6.4x 107°t0 1.0 x 1072 0.991
12.3 —45.8 2.4x 107510 1.0x 1072 0.995
2.3. Apparatus 15.3 —43.0 7.0x 10510 1.0 x 1072 0.991
17.3 —495 2.4% 107510 1.0 x 1072 0.995
A Corning model of 125-pH/mV meter was used for po- 19:3 —44.3 6.4x 107 to 1.0x 102 0.995

tentiometric measurements. The reference electrode was a a The slopes are the average of five experiments.
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3.3. Optimization of pH 3.4. Response characteristics of modified and unmodified
carbon paste electrode
The behavior of the electrode in relation to the variation
of pH (3-10.5) at concentration of:1 10-3 M of L-his was The unmodified electrode showed no significant response
studied (Fig. 2). For measuring the effect of pH, adjustments under the optimum conditions (Fig. 4). The response time of
were made with the concentrated HCIl and KOH solutions. the modified electrode was measured by using IUPAC rec-
As shown inFig. 2, a short range (from 8.2 to 9.5) of ommendatior[19]. The response time in variation of con-
pH can be selected as optimum pH. The titration curves of centration from 5x 1074 to 5 x 10~3M L-his was mea-
L-histidine in buffer solutions with different pH values are sured and was about 1.5min. The limit of detectionx2
illustrated inFig. 3. According tdFig. 3pH 9.5 offered abet-  10~° M) was evaluated from the intersection of two extrapo-
ter slope and a wider linear range than in the other pH values.lated segments of the calibration graph according to IUPAC
Decreasing pH, the slope and linear range decreased (Fig. 3yecommendationf0].
because the nitrogens irhistidine are protonated, there-
fore the interaction between thehistidine and the complex  3.5. Electrode renewal and its reproducibility
decreased. Actually at pH 5.0 no response of analyte was
noticed since the pjg is 6.02[18] and at pH lower than The electrode surface should be renewed when.this
pK2a the prevailing species isiis™ (see below schematic)  solution is changed from higher to lower concentration in
which cannot readily coordinate with Cu (3,4tppa) ligand. order to remove the residualhis which still be adsorbed on
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Fig. 2. The pH effect on potential response of ihais electrode (con- Fig. 3. Titration curves of the proposed electrode at various pH buffers

ditions: 17.3% ionophore,-his concentration was 1.8 10-3M). (conditions: 17.3% ionophore,-his concentration was 1.8 10-3M).
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Table 2
9 1 Measurement of twa.-his solutions (6.5x 10~4 and 5.33x 103 M)
by four electrodes
75 4 Determination (M) 1 2 3 4 X X6,-1
—e&— modified electrode
6.5 x 107 56 51 55 47 51.5 1.95
- —4—Unmodified 5.33x 1073 16 17 17 15 16 0.447
z
i 35 4
Table 3
Selectivity coefficients for some common anions and amino acids fixed
15 1 primary ion method at optimum conditions (pH 9.5 and 17.3% modifier)
Interferencej Kf?l Interference] Kf‘;t
S Atenolol (drug) 1.6x 10°% L-Glutamine 8.8x 1073
Phenobarbital (dru§) - L-Isoleucine 4.5x 1073
Acetaminophen (drug) 1.4 102  L-Tryptophan 4.3x 1073
25 T T v ' Vitamin B4 (adenin) 5x 1075 L-Phenylalanine 6.6« 1073
5 -4 -3 -2 -1 Vitamin B3 4 x 1074 L-Methionine 2.3x 1072
log[His] Vitamin B12 54 x 104 L-Aspartic acid  5.7x 107*
Vitamin B2 - -Prolin 8x 1078
Fig. 4. Response of modified and unmodified carbon paste electrode underclégfeiln 5 » 104 ;—Le?J::ir?e ?_?)i l?fz
the optimum conditions (17.3% ionophore, pH 9.5). Nicotinamide 47x 105  L-Glycine 5..8>< 10-2
cl- 6.8 x 105 r-Alanine 3.2x 1072
7.1x 10* vr-Threonine 1.1x 10°?

the surface of carbon paste electrode, this process improve-itrate

oo . ) NO 6.7 x 1075 -Seri 6.5x 1073
reproducibility. The appropriate renewal process is already 020342, 1 Xxlw E-LLysei::Ze 1 zi 10-2
described in procedure section. qu this purpose, we appliedgq,2- 9.2 x 104 L-Valine 6.6x 10-3
the proposed electrode for measuring potential ob61H 4 HoPOy~ 8 x 104  L-Asparagine 1.0< 1072
and 5.33x 103 M r-his solutions. The results are given in  Acetate 2x10*  p-Glutamic acid  2.0x 10°°

Table 2. As these results show, the standard deviations are a pg not show any interfering effect at their most soluble concentration.

reasonable for these measurements.
volume of the solution containinghis at an activitya; and

3.6. Selectivity and interference known volumes of a stock solution containing interference
were added successively and the poteriifalas measured
The selectivity coefficients of modified carbon paste elec- after each addition. Thus a series of value€bfvere ob-
trode were evaluated by the fixed primary ion method. In tained, each value corresponding to a set of values for the
this method the potentid was first measured in a known activities ofL-his and interference in the same solution. The
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0.25 4

0.15 4 1
0.1 4

0.05 4

0 T T T T T T
350 450 550 650 750 850 950
A (hm)

Fig. 5. Spectra of-his interaction with Cu (3,4tppa) complex in DMSO and borax buffer (pH 9.5) solution (13:1) in three different concentrations of
L-his (concentration of 3 (6« 1074 M) > 2 (3 x 1074M) > 1 (no r-his)).
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Table 4
Composition of synthetic solution

Species Concentration
L-Aspartic acid 413 x 1074
L-Leucine 3.74x 104
L-Proline 7.90 x 104
L-Histidine 5.85x 1074
NaHCO3 2.79x 103
Nap SOy 2.34x 1072
NaHPOy 1.30 x 1073
KCl 4.28 x 1073
Table 5

L-His measurements in synthetic solution (conditionsTalsle 4)

L-His concentration No. of Found % Error
in synthetic measurements

solution (M)

5.85x 1074 5 570 x 104 —2.56
1.55 x 1073 6 1.56 x 1073 0.65

selectivity coefficients were evaluated using the following
equation:
E —E p 1Z)Y

ex anis — dpnic = Ka
( pﬁ) his ™ nis = 1
According to this equation if the left hand side of equation
is plotted agains&’/.z/y, the slope of the graph should give
the value of the selectivity ratil.

Khis,; for several common anions, amino acids, some
drugs and some important vitamins which have amino

A. Abbaspour et al./Talanta 64 (2004) 1036—-1040

capability of applying the developed electrode in a biologi-
cal matrix it was used to determimehis in a normal RAN-
DOX serum sample. In this case the serum was diluted ap-
proximately seven times and then a certain amountlois
spiked into it.L-His concentration in this solution was 2

x 10~4M which is close toL-his concentration in human
serum (1.2x 10~4M) [6,21]. The average of the obtained
measurements was 2.3210°*M (n = 8).
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