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An optimal composition for magnesium liquid membrane sensor based on the reaction of magnesium
ions with the macro cyclic reagent 1,4,7 - triazacyclononane - 1,4,7 - tris - methylene
methylphosphinic acid. The characteristics slope ( 30.5 mV), the limit of detection (6.2 x 107 M), the
coefficient of selectivity toward some metal ions, response time ( 15 s ), lifetime ( 180 days ),the effect
of pH on the sensor potential and the basic analytical parameters were studied. The sensor was used to
estimate the concentration magnesium ions concentration in pharmaceutical preparations. The obtained
results by the developed sensor were statistically analyzed and compared with those of other different
reported methods.

Keywords: A triazacyclo complex, Membrane sensor, magnesium estimation, pharmaceutical
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1. INTRODUCTION

The very important role of magnesium in human body including many functions helping with
muscle and nervous system, it binds in reactions of over than 300 enzyme, supporting the immune
system and regulating blood pressure. Doctors relate its deficiency with a wide range of health
complications. Therefore, people should aim to take their daily recommended amounts of magnesium
[1-3]. It is one of seven essential macro minerals that people need to consume at least 100 milligrams
per day. Getting enough amount of magnesium can help in treatment many chronic diseases, such as
type- 2 diabetes, migraine, cardiovascular and diseases.

The methods for the trace amounts of magnesium ions determination are atomic absorption
spectrophotometry, (AAS) [4, 5], inductively coupled plasma mass spectrometry (ICP-MS) [6],
inductively  coupled plasma atomic  emission  spectrometry, ICP-AES [7], liquid
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chromatography/inductively coupled plasma atomic emission spectrometry, (LC/ICP-AES) [8], mass
spectrometry, MS [9], isotope dilution mass spectrometry [10], X-ray fluorescence spectrometry [11].
There were many kinds of magnesium determination in the literature including selective membrane
sensors[12-31]. However, most of the developed sensors have a very narrow working concentration
range and suffer from calcium interference.

A number of new specific ligands related to heterodiazo dyes which form stable chelating
complexes with many active metal ions were prepared to estimate them in pharmaceutical preparations
by new, selective and very sensitive spectrophotometric estimation [32-33].

The reagent 1,4,7-triazacyclononane-1,4,7-tris-methylene methylphosphinic acid., CNTMMP
which forms the relatively most stable complex with magnesium. has not only good sensitivity but also
a very good selectivity coefficient. So, without frequency we took our decition to use its analytical
usefulness in the construction of a magnesium membrane sensor. It has proven to be the best using
ligand for magnesium ions estimation [34].

2. EXPERIMENTAL

2.1. Materials and Reagents

Sulphates of magnesium, zinc and nickel , chlorides of cobalt, cadmium, sodium and calcium,
hydrogen peroxide, ammonium and sodium hydroxide. PVC and TEHP [ tri - (2 - ethylhexyl)
phosphate ] were Aldrich products. Sulfuric , hydrochloric acids and TBP ( tributylphosphate) from
Merck [Germany]. Pharmaceutical formulations containing magnesium; Vita Force 21-Plus,
Magnesium Gluconate, Magnesium Aspartate, Magnesium Citrate, Magnesium with B6 and
Magnesium Orotate were obtained from local markets in Egypt and Saudia Arabia.

2.2. Stock Solutions Preparation

Sulphate stock solutions of magnesium, nickel and zinc and chloride stock of cobalt,
cadmium, calcium and sodium of 10 molar solutions were prepared by dissolving the required
weighed quantities of each salt in bidistilled water. Solutions of 10°- 10" molar concentration were
prepared by dilution.

Magnesium sulphate standard solutions used in estimation of magnesium in pharmaceutical
formulations were prepared by dissolving a calculated quantity of the salt in 5 x 102 molar sodium
chloride and dilution.

2.3. Mineralization of the Pharmaceutical Preparations

The required solutions for potentiometric measurements were prepared as follow: a content of
pharmaceutical formulations ( Vita Force 21-Plus, magnesium gluconate, magnesium aspartate,
magnesium citrate, magnesium with vitamin B6 and magnesium orotate) was transferred into a
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conical flask, adding 10 ml 30 % H.O> and left to stand till dissolving. Then, adding 1 ml of
concentrated H>SOs , heating until H20. analized. This step was repeated six times. After
mineralization adding 25 ml water and 10 ml ammonia solution , left to stand for on hour. After that
filter the solution quantitatively and diluted with bidistilled water.

2.4. Construction of the Sensor

The construction of the sensor membrane was introduced as described previously [35]. The
sensor includes a teflon exchangable coloumn electrode and a body full of a membrane liquid phase +
an internal reference Ag/Ag Cl electrode.

2.5. The Liquid-Membrane Layer Active component

The reagent 1,4,7-triazacyclononane-1,4,7-tris-methylene methylphosphinic acid., CNTMMP
is a white powder active membrane component. It dissolved completly in 10 % alkaline solutions; the
stablility constant of its magnesium complex (log K = 12.5).

2.6. The Potential Layer Preparation

An accurate weight mixture of 0.01g active component [ Mg (CNTMMP ). ], , 0.45g TEHP,
0.08g PVC and 0.45g TBP and perform the sensor’s layer membrane. A sensor teflon with an electrode
of Ag/AgCl was filled with the freshly prepared mixture, then transforming to gel by heating at 375 K
of temperature for 20 minute. After cooling, the electrode was soaked for 30 minutes in 0.001 M
magnesium ions solution.

2.7. Measurements of the EM F

The measurements of the EMF of magnesium sensor system an Orion 90-02 reference
electrode was used with a mechanical stirrer to give an accuracy of 0.1 mV at room temperature. An
Orion 90-00-01 solution containing 1.5 M potassium nitrate, 0.55 M potassium chloridel,0.05 M
sodium chloride and 40 % formaldhyde 1 ml was used to fill the stable reference electrode’s bridge.

3. RESULTS AND DISCUSSION

The basic analytical parameters of the constructed magnesium sensor were studied to detect its
importance applications in analytical estimation.The selectivity, dependence of pH on the sensor’s

potential, response time, detection limit and the characteristics slope were reported.
3.1. Calibration curves

Fig.1 shown the magnesium sensor’s calibration curves estimated in magnesium and its
interfering ions of 10-10"* molar solutions.



Int. J. Electrochem. Sci., Vol. 15, 2020 9226

The magnesium sensor’s characteristics slope is 30.5 mV ,the detection limit is 6.2 x 107" molar
and the measuring range is 10° — 101 M. Table 1 presented the analytical characteristic parameters of
the proposed magnesium sensor.
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Figure 1. Calibration curves of magnesium sensor, ( A ) Mg, (B) Cu, (C) Cd, (D) Ni, (E) Co and (F)
Ca cations estimated in magnesium and its interfering ions of 10°-10 molar solutions

Table 1. Analytical characteristics parameters of the magnesium sensor matrix (reference electrode
Ag/AgCl) membrane sensor preparation.

Slope of the characteristics / mV 30.5+0.1
Intercept / mV -68.7+0.4
Limit of detection / mol dm= 6.2 x 107
Measuring range / mol dm™ 1x10°-7.3x10?
Response time / s 15
Lifetime /d 180
pH range 55-8.2

3.2. Selectivity Coefficients Sensor’s Measurements

The selectivity coefficients of the magnesium sensor with reference to interfering ions were
estimated by the separate solution or by the MP, (matched potential) methods described by Gadzekpo
and Christian [36] using the equations:

logk* = —EZ; E. (A_

ai
-Dlog g, . KPvgim = i
] zj
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By using the separate solution method, at the value of EMF with

concentration 0.001 M and, the potential -160 mV. For the MPM method, the equation is:

ai

pot —
K mgm = —
al—
zj

The obtained data are shown in Table 2.

9227

magnesium ions

Table 2. Selectivity coefficients ( K') of the magnesium sensor matrix (reference electrode Ag/AgCl)
membrane sensor preparation.

Separate solution method
K Ei= Ej ai = g MPM
MgCl» 0.315 + 0.021 0.376 + 0.01 0.343 + 0.03
NiCl; 0.234 + 0.006 0.311 + 0.02 0.274 + 0.012
CoCl; 0.074 + 0.002 0.132 + 0.004 0.263 + 0.015
ZnCl, 0.012 + 0.0005 0.032 + 0.005 0.005 + 0.0003
CdCl; 0.253 + 0.007 0.326 + 0.02 0.286 + 0.009
CaCly 0.013 + 0.0006 0.048 + 0.003 0.014 + 0.0005
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Figure 2. The response time of the sensor in magnesium ions concentration [ 10°- 10t M 1].

3.3. Response Time

For analytical applications, the response time of a fabricated sensor is of critical
importance. The average time required for the electrode to reach a steady potential response within +1
mV of the final equilibrium value after successive injection of a series of magnesium ion solutions,
each having a 10-fold difference in concentration. After injecting the standard concentrated solution,
adding water ( 1:1 ) for dilution. Solutions used for evaluation of the investigated sensor response
time has these conditions: c1:c2 =1:100, v1:v2=1:20, where cl is the sample concentration, c2
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, the standard concentration, v1 is the sample volume and v2 is the standard volume. The results
obtained are introduced in Fig. 2. The response of the sensor is stabilized after 15 second of the
mercury addition. The timer is started at the instant of injection of the concentrated sample, this fast
and stable potential reading is reflected on the time needed for complete titration process.

3.4. Effect of pH on EMF

The effect of potential of the sensor on pH was studied according to the chemical character of
magnesium salts. Hydrochloric acid or drops of sodium hydroxide were added to the 0.001 M
magnesium ions concentration sample under investigation. After each addition of the acid or base the
pH was measured, the ratio of the EMF of the magnesium sensor systemn / reference electrode was
read after the sensor’s response stabilised. The effect of pH on the EMF is introduced in Fig.3. Below
and above this range of pH ( 5.5 — 8.2 ) the clear decreasing in potentials may be attributed to the
hydrolysis or non-complete complex formation or magnesium ions.
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Figure 3. pH dependence of the sensor response in magnesium ions concentration [ 10°- 101 M 1.
3.5. Lifetime of the Sensor

The lifetime of the sensor under investigation was tested by measuring the characteristics
slopes of the sensor stored in drying air. The regular examinations were carried out in a systematic way
once a week, in freshly prepared solutions. According to the basis of the obtained data, the lifetime of
the sensor is aproximatly six months.
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3.6. Magnesium Estimation in Pharmaceutical Products
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Estimation of magnesium in pharmaceutical preparations was carried out by using the prepared
sensor to test its analytical usefulness. The standard additions and the calibration curve methods of the
sample were used. The estimated data and their statistical treatment are shown in Table 3.

Table 3. Magnesium estimation results in pharmaceutical formulations using matrix (reference
electrode Ag/AgCl) membrane sensor preparation.
Product Calibration Curve Standard addition in
(‘Active principal ) Method the sample with dilution
Product | Mg* | Relative| V | Product Mg*2 Relative \Y,
Data Found | Error % Data Found Error %
mg mg % mg mg %
Vita Force 21-Plus 20 20.08 0.4 0.16 20 20.25 1.25 0.20
Magnesium Gluconate 341 341.04| 0.01 0.35 341 341.36 0.11 0.34
Magnesium Aspartate 50 50.06 0.12 1.30 50 50.65 1.30 1.75
Magnesium Citrate 75 75.12 0.16 1.54 75 75.56 0.74 1.12
Magnesium with B6 100 100.06| 0.06 1.56 100 100.42 0.42 1.14.
Magnesium Orotate 25 25.05 0.20 1.75 25 25.34 1.36 244
- The averages of 5 estimations.
- v=""1 00w,
X
3.7. Comparison with the literature
Table 4. Comparison of analytical parameters of different methods for magnesium estimation.
Method Slope Linear Range Lifetime Detection Ref.
(mV) (M) Limit (M)
Present Method " this work data " 305+0.1 1x10%-7.3x 10 Six months 6.2 x 107
Mg - Spectrophotometry | ------- 0.0-2.0x107? 2.4x10* 11
Mg - Spectrophotometry | ------ 0.5x10%-1.2x 10 1.2x10° 12
Mg - lon-Sel. Electrode 28.4 1.0x10°- 1.0x 103 Eight months 1.7x10® 13
Mg - lon-Sel. Electrode 29+0.2 1.9x10%-1.0x10* Three months 5.0x10° 14
Mg - lon-Sel. Electrode 311 1.0x 10%- 1.0x 10 Four months 2.3x10* 17
Mg - lon-Sel. Electrode 28.6+0.4 6.0x10*-1.8x 10 One week 0,1x10° 18
Mg - lon-Sel. Electrode 30 3.2x10%- 1.0x10? Onemonth | - 22
Mg - Spectrophotometry | —meemeee- 0.038x10®¢- 0.204x10% | | e 23
Mg - lon-Sel. Electrode 29.2+04 9.4x10%-1.0x10? Five months |  ------- 24
Mg - Spectrophotometry | -----eeee- 2.0x10%- 1.4x10* 1.25x 10® 25
Mg-HPLC | e 4.0 x105- 4.2x10* 2.80 x 10 26
Mg - Spectrophotometry | -----eeee- 5.0 x10%- 5.0x10* 1.66 x 10° 27
Mg - Spectrophotometry | -------- 2.91x10%-1.25x1078 241x10% 28
Mg - Spectrophotometry | ------ 3.0 x10%- 1.79x 10 3.12x10® 29
Mg - Sequential Injection | ------e-- 416 x10%- 200x10* | | e 30
Mg-ICP-OES | e 830x102 | | s 31
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The obtained results by the developed sensor method were statistically analyzed and compared
with those obtained by other different reported methods. Table 4 shows a comparison between some
characteristics of the quantitative estimation of magnesium ions using different methods cited in the
literature which applied the ISE’s, and other methods. This comparison was made to establish, whether
the proposed sensor gives reliable results and be accepted for magnesium ions analysis in
pharmaceutical preparations. It can be observed from Table 4 that The proposed sensor exhibits
comparable linear range (1 x 10®° - 7.3 x 10t M) which is superior to the methods reported for
magnesium ion- selective electrodes [ 13, 14, 17, 18, 22 and 24 ], to the spectrophotometric methods
reported for determinaation of magnesium [ 11, 12, 23, 25 and 27-29 ], HPLC- method [26 ] and those
other methods for magnesium determination sequintial injection and ICP-OES [30-31 ]. It has a long
shelf life, ( six months ) compared to the other reported sensors, [14]; ( Three months ), [ 17]; ( Four
months), [18]; ( One week ), [22]; ( One month) and [24]; ( Five months), all methods reach low
detection limits although the lowest of them all corresponds to that reported in this work (6.2 x 107).
Further, the sensor proposed has advantages as compared with others in that it is easy to construct, it is
plainly affordable. Therefore, it can be safely stated that the sensor proposed is comparable in all
senses with other sensors and methods to determine magnesium.

No interference was presented from the excipients found in the pharmaceutical preparations.
The calibration curves recovered a good linear responses on a wide suitable range. Most of the
methods show an excellent recovery with respect to the known values and there is no significant
differences for either accuracy or precision were observed.

4. CONCLUSION

An optimal composition of the magnesium sensor was introduced. The proposed sensor is
characterized by excellent analytical characteristics: for the Nernstian slope, short response time and
relatively long lifetime. The analytical properties of the investigated sensor are shown in Tables 1 and
2.

The sensor was used for magnesium ions estimation in six different pharmaceutical
preparations used in common. The calibration curve and the standard additions methods were
employed. The analysis of the results of magnesium estimation in pharmaceutical sample products
shows that the method of calibration curve is recommended in magnesium estimation while the
method of standard additions is less reliable. Therefore, the error is no bigger than 2 % due to the
obtained reproducible results. The developed sensors method was found as precise and accurate as
compared to other reported techniques which is widely used in their estimation in pharmaceutical
formulation Table 4.

Generally, the quality of the obtained data was extremly satisfied confirming the excellent of
the analytical applications using the proposed sensor. It can be used in common both in research and in
pharmaceutical industry laboratories. The consuming time needed for analyses is decreased without
any effect on the accuracy, precision and reproducibility of the results.
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