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Abstract

The number of trace metallic elements of biological importance is increasing and a wide range
of elements need to be analyzed in blood, urine and tissues. There is often a natural limitation of
sample volume particularly in the analysis of blood and tissue digest samples. A new Mg?*Carbon paste
ion selective electrode based on4,5-Bis (benzoylthio)-1,3-dithiole-2-thione (BZ,dmit) for determination
of trace amount of Magnesium in Blood Serum was prepared. Using nanosilica and multi-walled
carbon nanotube (MWCNT) in the composition of carbon paste electrodes causes improvement in
their characterizations. The electrode composition of 3% MWCNT ,0.5% nanosilica ,25% paraffin oil,
68.5% graphite powder, 3%(BZ2dmit)..The proposed sensor shows a Nernstian response (29.9+0.7
mV decade™) in the range of 1.0x10°-1.0x102 M with a detection limit of 5.0 x 10° M. The response
of the sensor is independent of pH in the range of 3.4 — 8.9, and its at least 28-week applicability
life time, possesses the advantages of fast response time about 7s, The matched potential method
(KMPM) was applied to assess the selectivity coefficients for different cations toward new prepared
electrode. According to obtained results of this Mg?‘nano-composite carbon paste sensor exhibited
good selectivity with respect to a number of lanthanide and transition metal ions. The sensor was

effectively used as an indicator electrode in the potentiometric titration of Mg (Il) ions with EDTA.

Introduction

Magnesium an abundant mineral in the body, is naturally present
in many foods, added to other food products, available as a dietary
supplement, and present in some medicines (such as antacids and
laxatives). Magnesium is a cofactor in more than 300 enzyme systems
that regulate diverse biochemical reactions in the body, including
protein synthesis, muscle and nerve function, blood glucose control,
and blood pressure regulation [1-3]. Magnesium is required for
energy production, oxidative phosphorylation, and glycolysis. It
contributes to the structural development of bone and is required
for the synthesis of DNA, RNA, and the antioxidant glutathione.
Magnesium also plays a role in the active transport of calcium and
potassium ions across cell membranes, a process that is important
to nerve impulse conduction, muscle contraction, and normal heart
rhythm. The principal methods for the trace amounts determination
of Mg)III) ions are atomic absorption spectrophotometry(AAS)
[4], inductively coupled plasma mass spectrometry (ICP-MS ([5,6],
liquid chromatography/inductively coupled plasma atomic emission
spectrometry (LC/ICP-AES)[7] , mass spectrometry (MS) [8], isotope
dilution mass spectrometry[9], X-ray fluorescence spectrometry[10] ,
etc. Nearly all of these methods are costly and time consuming. In the
meantime, in comparison of PVC membrane electrodes the carbon
paste electrodes (CPEs) are one of the subgroup of potentiometric
sensors which offer renewable surface, stable response, and low
ohmic resistance electrodes. This kind of potentiometric sensors

are mostly consisting of the ionophore into a carbon paste matrix
including graphite powder dispersed in a non-conductive mineral
oil. From the standpoint of mechanical stability, the CPEs can be
located between membrane electrodes and all solid state electrodes.
According to references and reports the addition of modifier
materials such as multiwall carbon nanotubes (MWCNTSs) with
special physicochemical properties such as ultra-light weights, high
mechanical strengths, high electrical conductivities, high thermal
conductivities, metallic or semi-metallic behaviors and high surface
areas to CPEs, improve the response of this type of sensor [11-14].
Multi-walled carbon nanotubes (MWCNTs) have been recently used
in composition of carbon paste electrodes. Using MWCNTs in the
carbon paste improves the conductivity and, therefore, conversion of
the chemical signal to an electrical signal [15-18]. Literature survey
revealed that only one of Mg?-CPE based on different ionophores
have been reported [19]. In this work, based on our previous studies
a highly selective and sensitive nano-composite carbon paste
composition based on 4,5-Bis (benzoylthio)-1,3-dithiole-2-thione
(BZ,dmit) (Figure 1) as the sensing material, nanosilica, multi-walled
carbon nanotubes (MWCNTSs) and paraffin oil has been developed
and tested for the monitoring of Mg (II) ion.

Experimental

Emf measurements: To electromotive force measurement a
potentiometric cell was employed including the Mg*- CPE as the
working electrode, an Ag/AgCl electrode (Azar electrode, Iran) as
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a reference electrode which both electrodes were placed to the glass
cell containing Blood Serum and connected to a mili-voltmeter. All
electromotive force was carried out with the membrane sensor using
the following cell assembly:

Carbon paste electrode | Blood Serum | Ag/AgCl-KCl (satd.)

Materials: Ionophore (BZ,dmit) bought fluka. The graphite
powder with a 1-2 pum particle size purchased from Merck. High
purity paraffin oil Obtained from Aldrich. The multi-walled carbon
nanotubes (MWCNTSs) with 10-40 nm diameters, 1-25 pum length
and with 95% purity were purchased from Research Institute of the
Petroleum Industry (Iran), nitrate and chloride salts of all the used
cations (all from Merck Co.) were of the highest available purity and
were used without any further purification. Doubly distilled water
was used during the experiments.

Carbon pasteelectrode preparation: For the purpose of preparing
the carbon paste electrode the following proceeding was carried out
respectively: First, different amounts of the paste ingredients such as
ionophore (BZ,dmit), binder (paraffin oil), graphite powder as an
inert matrix, NS and MWCNTs as modifier entirely were pooled.
Next, the resulting mixture was stirred to get homogenization paste
about 30-40 min. Then, the final paste was transferred to the tip of a
tube while a copper wire was put into the opposite side of the tube to
electrical contact. It should be noted, in order to avoid possible air
gaps which mostly lead to boost the electrode resistance, it is necessary
to pack up the paste carefully and thoroughly into the tube tip. Last,
to replace the new smoothed surface CPE by the old one, the external
layer of the carbon paste was polished with soft paper. In the final
stage, the electrode was conditioned for 48 h by soaking it in a 1.0x10°
*mol L-1 Mg(NO3), solution. Unassayed normal serum samples were
analyzed for magnesium. A serum volume of 100 puL was diluted to 5
mL, and potassium was added to give a final concentration of 5000g/
Ml in order to suppress ionization. The sample was acidified with
concentrated HCIL.

Results and Discussion
Potential response of the electrode

To study the selectivity behavior of designed electrode by
potentiometric method, BZ,dmit was employed as a sensing element
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Figure 1: a) structure of Bz,dmit by chem draw software b)bullet structure of
Bz, dmit by gauss view 3.0 software.

in preparation of some carbon paste electrode for all of the lanthanide
and some of other cations. Magnesium ion due to its appropriate size
to the semi cavity of BZ,dmit and the rapid exchange kinetics of the
resulting its complexation with ionophore, show the best Nernstian
response among all other cations,

Optimization of the MgCPE: One of the main component in ISE
(ion selective electrode) which changes the amount of it showing the
strong effect on the selectivity of electrode, is known as ionophore
or ion carrier (here BZ,dmit).To evaluate the role and determine the
best value of BZ ,dmit in composite concentration, the diverse amount
of BZ,dmit was employed to fabricate a numbers of nano-composite
CPEs, according to Table 1 addition of 3% BZ,dmit to CP displays
the best response toward the other amounts (No. 2 with the slope
of 28.8+£0.4 mV decade-1). Ordinarily, the addition of ionophore to
the compositions results in increasing the potential responses of the
CP electrodes. One of the other ingredients in the composition of the
carbon paste which cause to enhance the conductivity of the sensor,
and increases the transduction of the chemical signal to electrical
signal is MWCNT that adding the proper amount of this material
leads to make better the dynamic working range of the sensor. The
electrode compositions were modified by adding %1, %2, %3 and %4
wt. of MWCNT to the composition (No. 2 & Nos. 5-7) which led to
improvements in the sensitivity of the sensor from the sub-Nerstian
value of 34.8+0.7mV decade-1 to 27.1£0.5mV decade-1. On the other
hand, it was observed that changing the amounts of the graphite
powder as the filler and paraffin, does not significantly change the
potential response of the sensor. Finally, the the nanosilica with a
high specific surface area has a hydrophobic property that helps to
extraction of the ions into the surface of the CPE, so addition of 0.1-
0.7% wt. of NS(Nos. 7-9) was found to improve the potential response
of Mg (II) activity. In accordance to Table 1, the best response (CPE
No. 9) was put out by modified carbon paste electrode based on 0.5%
nanosilica, 3% MWCNT, 3% BZdeit, 25% paraffin oil and 68.5%
graphite powder.

Calibration curve: The potential response of the Mg**-CP
electrode based on BZdeit, Fig. 2, which is known in terms of
calibration curve displays the widish working linear range from
1.0x10 to 1.0x10” mol L™ for optimized BZ,dmit -based Magnesium
(II) carbon paste electrode, while according to Nernstian equation
the slope of linear part of calibration curve is 29.9+0.7 mV per
decade with detection limit of 5.0x107"° mol L-1 of Magnesium ions
concentration which pursuant to the IUPAC recommendations is
calculated by crossing of two extrapolated segments of the calibration
curve [21-33]. The standard deviation for ten replicate measurements
was +0.6 Mv (Figure 2).

PH effect and response time: In order to study the effect of
pH on the performance of the Mg*-CP sensor, the potentials were
determined in the pH range of 1.0-11.0 (the pH was adjusted by using
concentrated NaOH or HCI) at one concentrations (1.0x10° mol L-1)
of Mg2+ and the result is depicted in Figure 3 [34-40]. As it is seen, the
potential remained constant from pH 3.4 to 8.9, beyond which some
drifts in the potentials were observed. The observed drift at higher pH
values could be due to the formation of some hydroxyl complexes of
Mg?" in the solution. At the lower pH values, the potentials increased,
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Figure 2: Calibration curves of the BZ,dmit -based Mg?* sensor.
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Figure 3: pH effect of the test solution (1.0x10" Mg?* mol L* of) of the Mg?*
sensor based on Z2dmit.

indicating that the membrane sensor responded to protonium ions,
as a result of the some extent protonation of oxygen atoms of the
ionophore.

Dynamic response time the MgCPE: Dynamic response time is
an important factor for Magnesium carbon paste electrodes [41-45].
In this study, the practical response time was recorded by changing
solution with different Mg*? concentrations from 1.0x10” to 1.0x10
mol L. The actual potential versus time trace for the electrode based
on BZ,dmit is shown in Figure 4. As can be seen, the electrode reaches
the equilibrium response in a very short time of about 7 s.

Table 1: The optimization of the nano-composite based Mg(Il) carbon paste ingredients.
Composition of Carbon Paste (wt.%)
Electrode No. Bmder. 8 BZ,dmit Graphite Powder MWCNTs Nano-Silicon Slope (mV/decade) Dynamic linear range (mol L)
(Paraffin oil)
1 25 2 71.7 1 0.3 32.8+0.8 1.0x107-1.0x102
2 25 3 70.7 1 0.3 28.8+0.4 1.0x107-1.0x102
3 25 4 69.7 1 0.3 31.7x0.7 1.0x107-1.0x102
4 25 5 68.7 1 0.3 32.6+0.3 1.0x107-1.0x102
5 25 3 69.7 2 0.3 27.1£0.5 1.0x10%-1.0x102
6 25 3 67.7 4 0.3 34.8+0.7 1.0x10® - 1.0x102
7 25 3 68.7 3 0.3 29.6+0.3 1.0x10%-1.0x102
8 25 3 68.9 3 0.1 28.7+0.8 1.0x10%-1.0x102
9 25 3 68.5 3 0.5 29.9+0.7 1.0x10°-1.0x102
10 20 3 73.5 3 0.5 33.3x0.4 1.0x10°-1.0x102
11 30 3 63.5 3 0.5 31.0+0.6 1.0x10°-1.0x102
Selectivity studies of the MgCPE: The priority of primary ion
20 over interfering ions (alkaline, alkaline earth, lanthanides, transition
210 and heavy metals) is known as the selectivity coeflicients which
180 indicate the disturbance of other ions on the response of designed
150 electrode [103-108]. This main factor of ISE was measured graphically
ElZO at this work by the match potential method (MPM). to determine
the selectivity coefficients by matched potential method, first, the
. potential of the specific activity of Mg* ions solution while adding
o to a reference solution was measured, next, the apparent amount of
30 interfering ions solution was sequentially added to the same reference
0 solution in the other experiment to obtain the potential response
e s e e 7 2 1% which matches the one acquired previously by adding Mg ion. In

the last stage, the final results getting by the following equation that is
the ratio of primary ion (A) activity changes to the interfering ion (B).

Aay

K MPM—
ij ar

i

The resulting selectivity coefficients, which are listed in Table 2,
demonstrated the negligible disturbance of various cations for the
proposed electrode which bodes a good performance of the designed
CPE toward the Mg**ions and specific interaction between Mg** ions
and BZ,dmit.

Analytical application: The proposed Mg**-CPE was successfully
used as an indicator electrode in the titration of Unassayed normal
serum samples were analyzed for magnesium. A serum volume
of 100 uL was diluted to 5 mL, and potassium was added to give a
final concentration of 5000ug/mL in order to suppress ionization.
The sample was acidified with concentrated HCl with a 1.0x1072
mol L-1 EDTA. The resulting titration curve is given in Figure 5,
demonstrating that the amount of Mg(II) ion in the solution can be
determined with the electrode.

Lifetime of the Sensor: Life time is one of the imprtant factor
for any sensor. Literature survey revealed that for most ion selective
sensors, lifetimes range are between 4-10 [46-48]. After this time, a
significant change will observed in the slope and detection limit of
the sensor. The lifetime of the proposed nano-composite base Mg(II)
sensor was evaluated for a period of 18 weeks, during which the sensor
was used for two hours per day. The changes in the slope and detection
limit of the modified CPE were measured and the results are given in
Table 3. As can be seen from Table 3, the proposed nano-composite
Mg(II) sensor can be used for at least 17 weeks. Without significant
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changes on its slope and detection limits. After 17 weeks, this time, Table 3: Lifetime of Mg(ll) nano-composite modified CPE.
a significant decreasing in the slope from 29.9+0.7 to 28.1+0.1 mV Week - V decage: oL M
decade-1 and a gradual increasing in detection limit from 5.0x10-10 ee ope (mV decade) ™)
to 2.5x10-9 was observed. This phenomenon is most probaly due to |1 29.9:0.7 5.0 x 101
the loss of room temperature ionic liquid (RTIL) and BZ dmit from 2 29.9+0.7 51 x 1010
the composition of the fabricated nano composite modified Mg(Il) 2850 6 5.5 x 100
carbon paste electrode.
8 29.7+0.5 5.6 x 1010
10 29.7+0.5 5.8 x 10%°
290 - 12 29.6+0.3 6.0 x 10%°
103mol 102mol
260 mo :
13 29.5+0.4 6.4 x 1010
230 14 29.4+0.2 7.0 x 10
200
-10
S 170 15 29.2+0.1 7.6 x 10
E 140 16 29.3:0.1 8.1 x 1010
110 17 29.2+0.2 8.4 x 101°
80 18 28.1:0.6 2.5 % 10°
50 p
20 : : : : : : lusi
0 20 40 e 8 100 120 140 Conclusions
t(s) In this work, 4,5-Bis (benzoylthio)-1,3-dithiole-2-thione

Figure 4: Dynamic response time of Mg? sensor based on BZ,dmit.

MPM

Table 2: Selectivity coefficients ( Kyg:-

) of proposed Mg+2sensor.

Interfering lon Vi Interfering lon Ky s
Pr+3 3.0x10-5 Yb+3 3.0x10-5
La+3 4.0x10-5 Lu+3 3.0x10-5
Tm+3 3.0x10-5 Pb+2 5.0x10-5
Nd+3 3.0x10-5 Na+ 4.0x10-5
Eu+3 5.0x10-5 K+ 5.0x10-5
Ho+3 2.0x10-5 Co+2 4.0x10-5
Gd+3 4.0x10-5 Cd+2 4.0x10-5
Sm+3 6.0x10-5 Cat+2 2.0x10-5
Er+3 4.0x10-5 Fe+3 7.0x10-5
Th+3 4.0x10-5 Cr+3 5.0x10-5
Dy+3 3.0x10-5 Ni+2 7.0x10-5

220

210 |

200

190
g 180
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Figure 5: Potential titration curves of 25 mL serum samples solution with 1.0
x 102 mol L* of EDTA.

(BZ,dmit) with heteroatoms including oxygen and sulfur was
employed as an active material to play the role of selector in
construction of Mg(II) nanocomposite carbon paste electrode which
modified by MWCNT and nanosilica. The modified Mg**-CPE in
comparison of recently designed PVC membrane electrode based on
same ionophore to determination of Mg (II) ion exhibited the better
potentiometric response in terms of sensitivity, Nernstian slope,
linear range, and response stability. The created Mg+2-CPE showed
a Nernstian response (29.9+0.7 mV decade-1) in the range of 5.0x10-
°-1.0x10 mol L-1 with detection limit of 5.0x10-10 mol L-1. The
working pH range which the response of the sensor is independent
from H*°* jon concentration changes is about 3.4-8.9. The nano-
composite based Mg(II) sensor displayed good selectivity, response
time (about 7 s). Further, the developed electrode can be employed
successfully to analyze the applications such as potentiometric
titration Determination of Magnesium in Blood Serum and
monitoring in various mixtures of interfering ions.
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