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ABSTRACT

A iiev. w.iin(,'lc ion seliHilivt; olecliude poly yvinyi clilr'iuks mernbi.ino r.unsoi fr* Mg dI' IOns
tiased on inagnesiuin Salicylate <isa new loiiophore lias been prepared arul sludietl |1he electrode
exhibits a gooo potontiometnc response tor Mg (ll) ion over a wide concentiation -;rnge 1.0x 10 to
10x10 N with a slope v<ilue ot eleclriKle i was 23 inv decade and 73 niv diHiade for electrode-il
mif fliK'tio.In can bn used over 2 months with good lepiCHtucibility the sensoi was used as an
indio.iloi elecliorle in a polenliomeinc titration of Mg (ll) ions against F;OIA tlii' snnsoi was used
to detennine tlie Mg (ll) ions in batiy food pioducts and spinadi
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INTRODUCTION

Magnosium is ossonti.il tC almost all life

mor ea th Magnesium is a heait ot the ct-iloioplivH
NMecjle, which plants used to convert the rartion

3»ox:.de to glucose M<\ynosium is found m un/yiiu
Ti prams and animals, its speed up the latr' which
certain changes takes place m tlie plants and
anro'iais Magitesiuiii is an erssential element lot
wajinans Humans take 300 to 400 my of magnesium
fc- tnair daily did Mayuesium mamly used as
f.rewotKS and medicinal purpose. Dotiency ot
medgnesium develops ttie yellowish blotcties in

plant and a person may cause some side effects
Magnesium powdei is harmful to ttie environment
lor. Selective i ieetioiic’ (ISF) is a membrane
oleetrodi' that lespoiuts seleidively to ions in the
presence o* ollieis ISf measuies the protential
ot a specific ion in solution ISE possess a higher
degree ot selectivity Ilie potential developed at
the membrane is ttie result ot either ion exchartge
0l ion iranspoit process takes place between the
membrane and solution ISE in environment analysis
otiei several advanliiges ovei other mettkKXte ot
analysis ISE are inex(iensive and simple to use and
hav(' an exliernrrly wiilo range of applications



Potontiomell icc measurement is an
elertro analytical method, which is based on the
measurement ot (ii4ential of an electrode system It
establishes the anai\lc ion ii 'the presences ot various
interfering ions fiom the sample. Potentiornetiie
mi'tliod provides intoimation about concentiation of

reactant dining the titration.

In this study, a new simple heteiogeneous
precipitate based magnesium ion selective electrode
has been piopaied and the electrode potential
peiformance of paiameters like slope, response lime,
measurement iang(,>. effect of pH, effect ot medium,
and selectivity coetticient with respect to different
intedering ions liavi' boon measured An attempt
was also made to deteimined magnesium ion in leal
sample like spinach and baby food products

Experimental process
Preparation of Magnesium Salicylate ionophore
Magnesium nitrate hexabydiato (7 01g)
and salicylic acid (0 ."Otg) was dissolved in 100ml
of methanol This leaidion mixtuie was siiirod foi 30
min with use ol magnetic stiircr: the clear solution
was obtained 2Sml ot amnionia was added to the
solution to get white prer.ipitate, which is tilloied
and dried ‘oi ,'M liouis Weight ol ciude precipitate
IS 5,959 and recrysiallisod from distilled watei

Preparation Coated lon selective electrode-1
Copper wiie was polished wnth fine emery
paper and the wire was dipped in to the solution
(0.3g of prepared lonopiiore (Magnesium Salicylate),
polyvinyl gl'iloridi* dilnityl phttiaiate sodium tefra
phmiyl boiale. and tpiia hydio furan) for 24 liouis
and dried foi overnight |he eleclrode-l was kept m
equilibrium toi 2 wih'Ks in 1N solution of Mg (NO ) .

coaled copper wiio (working electrode)

The eu'idiodc system foi the measurement can be
repiesented as

Coated copper wire Sample External
reference

(working electiode) solution electrode
AgAgCI

Preparation of Membrane

0.4g ot ionophore with 0 Ig of polyvinyl
chloiide .0 1g nt sodium tofia phenyl borate,
predetci mined ratio ot dibutyl phthalate and tefra
hydro tuian are taken and the mixture are allow to
treat m a steam Irattr still evaporate the liquids The
precipitate was mixed with aialdite (epoxy adhesive)
(Huntsman advanced materials. India, Pvt LTD) to
make a homogeneous paste whn:lr was tTien applied
on the clean watch glass. The paste was uniformly
spread over the watch glass The nrembiane was an
dried for 48 houis (Electrode -1I)

Preparation of Membrane lon selective electrode-
Il

A ciiculai piece ot this menrbrane was cut
and fixed with nrsin at one end of the Irollow glass
tube ot dianreter 2 enr and length 8 cm The tube
was tilled with saturated solution of Mg(NO,) and
rctorcnce copirer metal wire of diametci 0.8 nrm
and length 20 enr was insoiied through other end
ot the tutre in such a way that it renrained dipped in
the satuialcd solution ot Mg(NO,),. This complete
assembly will work as an ion selective electrode
ot Mg (II) ion Ilhis ion selective elcct'ode was
kept 1 IN solution of Mg (NO.) toi one week tot
equilibnum

Tire electrode system for the measurement can be represented as

Internal Internal Electro Sample External

Hr'ten'i'.'r- Hetr'K'iice Active S tiiilion Reference
| loetn.Hli.- Solution Membrane Electrode
iCu wirei (Mg(NO.) 1 (AgAqCl)

The prepaied electrode was connected to
one terminal ot a digital potentiometer (Equiptioirics
EO-602) The olhc'i terminal was connected to
the leterence (mle;In>rte (Ag'AgCl). the 1ST was

imnreised in the sample solution of IN Mg (NO.)
and the lefirtence electrode immersed in doubly

distilled waiei Ihr'solutions are conni'cted by using

Poiassuin-nitiate agai salt bnrtge



Preparation of spinach solution

S]inach was dried loi 12 hours at 80 'C in
oven and ground well lo 1g ol powdered spinach
5 nil of concentrated tINO and 2ml ot HCIO, were
added The solution digests for 40 minutes to get
final volume of 4ml and add 10ml water Filtered the
solution in a 100ml standani flask and diluted with
mdeionized water to the volume (Nikolas eta!. 1997}

Preparation of baby food products solution

10g ol baby food and 1ml of concentrated
mrvatochloiic acid is added and stirrird well This
scwuTon transferred to a standard flask and makeup
te liXrmi with oeionizod water (Seema i.Va/., 1999i

RESULTS AND DISCUSSION

Characterization
IR spectrum ol lonophore (Magnfrsium salicylate)
In the IR spectrum the peak at 1759cm
corresponding to the carbonyl group frequency
and the peak at 114torn ' attributes to the C-O-C
group The peak at 979 84cm coriesponding to the
c=C

In UV spectrum the peak al 269 32nm
corresponding li' the aromatic region

A series of aqueous solution ol magnesium
nitiale of different concentiatKkm range from IN
to 1x10 were [iiepaied |he electrode potential

Table 1: Electrode response for Electrode-1 and Electrode-ll

S-fk) Concentration of Mg(NO,)"sotution (N) Electrode-IEMF(Volts) Electrode-lIEMF(Volfs)
\ 1 0 120 0.059
2 1x10 ' 0 133 0.049
3 1x10-" 0.147 0.040
4 IxIO-' 0.153 0.033
5 1x10°’ 0 163 0.027
€ uio' 0.165 0.025
7 1x10* 0.165 0.025
Table 2: Effect of pH for Electrode-1
S.No Concentration of {MgNOj)* Electrode-IEMF(Volts) pH 4
1 1 0.120 0.120
2 1x10' 0.133 0.137
3 1x10" 0 147 0.145
4 1x10 0 153 0 148
5 1x10’ 0 163 0.161
6 1x10™ 0.165 0.165
Table 3: Effect of pH for Electrode-Il
-SJte Concentration of (MgNO”] Electrode-lIIEMF(Volts) pH 4 pH 9
% 1 0.059 0 058 0 061
it 1x10 ~ 0.049 0.047 0 052
3 1x10- 0.040 0.044 0 045
4 1x10 = 0.033 0 032 0 030
5 1x10’ 0.027 0.029 0.022
6 1x10 0.025 0 026 0.021
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Table 4: Effect of Medium for Mg”™' lons

Concentration of Mg(NO.,)j solution (N) Solvent Percentage of the solvent EMF (volts)
IN Mg(NOj.~ Ethanol 2h% 0.116
50% 0 11
Hexane 25% 0.114
50% 0 116
75% 0 118
THE 50% 0.114
DMA 50% 0.111
DME 25% 0 113
50% 0.115
Table 5: Effect of Medium for Mg”™' lons
Concentration ot Mg(NO.,)j solution (N) Solvent Percentage of the solvent EMF (volts)
IN Mg(NO.) Ethanol 25% 0.116
50% 0 111
Hexane ?5'0 0 114
50% 0 116
75% 0 118
THE 50% 0.114
DMA 50% 011
DME 25% 0.113
50% 0.115

Table 6: Selectivity Coefficient
Values for Electrode-1

S.No Cations Selectivity Coefficient
NH/ 8 6x10'
2 AE 4 3x1 O-
3 Na- 17v10-’
Table 7: Selectivity Coefficient
Values for Electrode-ll
S.No Cations Selectivity Coefficient
1 N il/ *7.1x10-’
2 AE ml 7x10'
3 Na -3.5x10'
4 K -35x10"'
5 Ni = 3.5x10-"

ol senes ot standard solutron ot Mg ion was
nieasured. Tor both the electrode (li'ill) the liner
response was observed from IN to lylO'N The
values ate tabulated in tablet. The calibration curve
was plotted using best fit method.

The slope value w'as calculated from the
calibration curve and it was found to be 23mv<decade
toi electrode-1 and 28mv'decadc foi Electiode-lIl.

Effect of pH for Electrode-1 and Electrode-Il

'he ettect of pH on the response ot
electrode (I&ll) was studied in this work. It was found
that eloctrode-l worked well in the acidic pH lange ot
4 n in the concentration ot 1y10'N Mg (Il) ions. The
olectiode-Il worked well in acidic pH range of 4.0 in
the concentration range ot 1x10”"N Mg(ll) ions and
pH range of 9.18 it wiorked well in the concentiation
ol I"1O 'N Mg (Il) ions The values are tabulated in
table 2 &3.
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Table 8; Magnesium determination in some real samples for Electrode 1

S.No Theoretical value (mg) Sample Result obtainedBy ISE (mg) Recovery
16 b Horlicks (Blue) 16 4 99%

2 65 Boost (Pink) 65 36 96%

3 79 Spinach (Brown) 79 54 99%

Table 9: Magnesium determination in some real samples for Electrode-Il

S.No Theoretical Value (mg) Sample Result obtainedBy ISE (mg) Recovery

1 16.5 Horlicks (Blue) 176 94%

2 65 Boost (Pink) 60 20 95 5%

3 79 Spinach (Brown) 73.21 9370

Effect of Medium

Ttio effect of medium on the response
of electrode (I&ll) also be done f"oi a electrode-1
ftas found that the potential remains uncnanged
vnth a standard solution of tN Mg(NC ! m a senes
of hexane(25“c.50%.75®0). ethanol<25%,50»i,).
DMF i25“».50“e), THF(5<y\.) and OMA450"B"F<JI
eiec*rode-li «vas tound ftut 9ie polanbal
Jincranged*«”as&3nda(ti9aMRr«9l tUtMAgNO~

m 3 se»j«s O#

GStkW%4 md_

“ JiexitioaK »lasrtes»*

lesponse of tfre magnesium ion selective electrode
(I&ll) to dilten nt metnl ion hav(' bi't-ii investigated
by deternv'ing tne selectivity coefficient of the
etectrodes usmg fixed inlerteience method (FIM)
based on the sem< empirical Nicolskn-Eisenman
equation and the concentratron ol mtedering ion
i set 10 JN. S»as Sound that the potential remains

®s ite pfesence o< a senes ot various

atr cations tor Eiectrode-l and

'Oa dftatfiF »*e cM onc mledefence due to
iKna gtadfcode potential were recorded
seMKxn «Mettk>d having a fixed 1N

itslpfwsarfwn (Mg ")and interference
afecsrccie-i tnjm the interference study
e"Nrisa'ns urxaffected in the presence of

Fig. 1: IR Spectrum of Magnesium Salicylate
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Fig. 2: UV spectrum of Magnesium Salicylate
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Fig, 3: Plot of log concentration Fig. 4: Plot of log concentration
of Mg(ll) ion (M) Vs EMF (volts) of Mg(ll) ion (M) Vs EMF (volts)
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Fig. 5: Plot of mean volume of Fig. 6: Plot of mean volume

EDTA (ml) Vs \E/.~V (volt/ml) of EDTA (ml) Vs \E/.\V (volt/ml)
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Fig. 7: Plot of log concentration
of Mg(ll) ion (N) Vs EMF (volts)

senes of vaiious cations like NH,', Al' .and Na For
a elt)ctrode-ll the potentiril remains unaffected in the
piesence of series of various cations like NH"', Ah',
Ni .Na .and K The values are tabulated in table

6&7.

Analytical Application

The practical application otpioposed two
electrodes was tested by using as an indicator
electrode for potentiometnc titrations of magnesium
(I1) ion witti EDTA solution To assess the applicability
ot-the sensors to real sample an attempt was made
to determine magnesium ion in baby food pioducts
(Horlicks. Boost) and spinacfi The recovery of
magnesium ion in sample analysis was formed to
bo quantitative with the recovery of magnesium ion
was found to be 99”0,96%.99"0o for electrode | and
electrode-11 was found to be 94°-0,95.5%,93% of

iig .oni fn 1"4ivin my P u||||

Fig, 8: Plot of log concentration
of Mg(ll) ion (N) Vs EMF (volts)

magnesium ion. The values are tabulated in table
8&9

CONCLUSION

A new simple method to determine the
magnesium ion developed electrochernically The
proposed two electrodes were found to work well
undei the laboiatory condition Tins metirod is
done by Potentiometiy; it is accurate, simple and
cost effective Ttie sensoi extiitiits a Neinstain
response in the concentration range 1x10 tor both
the electrodes (I&H) The effect of medium, effect of
pH selectivity and response time also measured
The magnesium (ll) ion selective membrane
sensoi effectively applied toi the determination of
magnesium ion in baby food puKlucts aiui spinacli
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