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ABSTRACT

A novel Mg(ll)-responsive electrode has been constructed based on incorporation of the naturally occurring
magnesium-containing chelate, chlorophyll, in a PV C membrane plasticized with dioctyl phthalte. The sensor exhib-
ited average slope of 31.2mV/Mg concentration decade over a concentration range of 4.0x105-2.8x102M. The
performance of the electrode was not affected by the change in pH within the range 3.9-8.4. It showed high
selectivity for Mg(ll) over Ca(ll) and the other physiological cations, Na* and K*. However Li* was found to
interfere. X-ray photoel ectron spectroscopy has been applied to examine the leaching of the activeingredientsfrom

the gel layer to the bathing solution during soaking of the electrode.

INTRODUCTION

Inal typesof ion-selectiveeectrodes, aninterface
membraneisconstituted at the separation of two im-
misciblemedia Thus, it gopearsthat thegd layer formed
at themembranesurface of theelectrode actsasatran-
gtion entity between themediait separates. Insdethis
layer aphase exchange occursresulting in apotential
differencethat iscorresponding, from athermodynamic
point of view, to the change of activity of thetargted
gpecies. Thisphaseexchangefor meta cationsrequires
either lipophilicion-exchanger or anionophoreto host
the cation. Supramolecular receptors proved to be ex-
cellentionophoresfor the construction of selectivesen-
sorsfor severd cationsincluding magnesiumi**4, The
function of such sensorsishbased onionic recognition
processfollowed by potentid signal transduction. Itis
interesting that thereisasimilarity between thenervous
cell membrane, asanatural membrane, and theion-
sdlectiveliquid membranesasartificia ond'2.

Although many of the sensors based on synthetic
compounds proved high sensitivity and selectivity, a-
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most al of them require manipulation of sophisticated
organic chemistry schemesto preparetheion carrierin
addition to the high cost of the process.

In naturethere are many naturally occurring sub-
stancesthat satisfy perfectly dl therequirementsto be
employed as exchangersinion-selective electrodes.
There are good reasons to prospect that these sub-
stanceswould be highly selectiveionophoresfor cer-
tain cationsasthey arein nature. Recently fluorideion-
selective el ectrode has been successfully constructed
based onAl(I11) porphyrinsasionophores®®. Theelec-
trode exhibited enhanced potentiometric selectivity for
fluoride over morelipophilic anions, including perchlo-
rate and thiocyanate. However, such membraneelec-
trode displayed undesirabl e super-Nernstian behavior.

Chlorophyll isanatura substance, itschemicd struc-
ture containsaring system similar tothat of porphyrin
but ind udesacycl opentanonering, and oneof itspyrole
ringsispartially reduced. Themetal in chlorophyll is
magnesum.

The present article addresses the employment of
chlorophyll asion-exchanger for the construction of
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Mg?*- sdectiveelectrode. Beside beingwidely abun-
dant, easily to be extracted, prospectiveasMg(l1)-ex-
changer from structura point of view , chlorophyll is
environmentally friendly. So thework can beconsid-
ered as a contribution to the green chemistry field.
Moreover the proposed e ectrode can be used for bio-
medicd investigationasmagnesumionispivota inthe
transfer, storage and utilization of energy; it also regu-
lates and catal yzes some 300-odd enzyme systemsin
mammals. It hasnumerous physiologicd roles, among
which arecontrol of neuronal activity, cardiac excit-
ability, neuromuscul ar transmission, muscular contrac-
tion, vasomotor tone, blood pressure and periphera
blood flow!4,

The present work also aimsat finding out the cause
of thelimitation of life span of plastic membraneion
selective electrodes. Therefore X-ray photoel ectron
spectroscopy has been applied to analyze the surface
of an expired electrodein comparison to afresh one.

EXPERIMENTAL

Reagentsand solutions

Doubledidtilled water and andytica gradereagents
wereused to prepareall solutions. Poly(vinyl chloride)
(PVC) of highmolecular weight and dioctyl phthal ate
were provided by Fluka.

Prepar ation of the coating solution

Chlorophyll wasextracted with tetrahydrofuran on
cold by grinding4.0g of fresh greenleafs, collected from
Conocarpus-Lancifolia trees, and groundin ablinder
for three minutes, with two 20mL aliquots of tetrahy-
drofuran andfiltering theextract into 100mL besker. In
the extract weredissol ved 400mg of each of PVC and
DOP.

Construction of theelectrode

A slver rod of 10 cm length and 5.0mm diameter
wastightly insulated by polyethylenetubeleaving 1.0cm
at oneend for coating and 0.5cm at the other end for
connection. The 1.0cm terminal waselectrolytically
coated with AgCl. Thecoatingwascarried out in 0.1M
NaCl solution with the silver rod asthe anode and a
platinum el ectrode of 1.0cn? surface areaasthe cath-
ode. Thecoating timewas 10 minuteswith current den-
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sity of about 10mA/cn?. Thetermina of Ag/AgCI rod
was coated with the plastic membrane by quickly dip-
ping it into the chlorophyll-containing coating solution
severa timesand alowing thefilmleft onthewireto
dry inair for about one minute. The processwasre-
pesated severd timesuntil aplastic membraneof proper
thicknessisformed. The prepared electrodewas pre-
conditioned by soaking it for 24hr in 1.0x10°M solu-
tionof MgCl,

Potentiometric sudiesand dectrochemical systems

Potentiometric measurementswerecarried out with
an Orion, Model 420A pH/mV meter. Thefollowing

electrochemica systemwasemployed:
Ag/AQCI reference electrode/MgCl, test solution/Plastic
membrane/AgCl/Ag

Construction of thecalibration graphs

Suitableincrements of standard MgCl, solution
were added to 50mL of a10°M inMgCl, solution so
as to cover the Mg(Il) concentration range 10° to
5.0x102M. Inthis solution the sensor and the refer-
ence electrode were immersed and the emf was re-
corded after 10 s, at 25°C, for each addition.

Selectivity
Thesdectivity coefficientsof theMg-sdlectivedec-
trode, (KW‘MQV ") towardsdifferent cationic speciesj*

were determined by the separate solution method
(SSM)9],

X-ray photoelectr on spectroscopy (XPS)

XPS spectra were recorded on a model VG
ESCALAB 200(UK) spectrometer using MgKa
radiation(1253.6eV) operating a 300W(15kV, 20mA).
The spectraacquisition and processing were carried
out by means of an Eclipse V 2.1 data system(UK).
The plastic membrane samplewasintroducedinto the
preparation chamber with the sampleholder and de-
gassed until good vacuum achieved, thenit wastrans-
ferred into the analysischamber wherethe pressureis
reduced to 10°10° torr. The analyses were carried
out withtheparameters. step size0.1eV, Dwell time
100ms, and pass energy of 20eV. All binding energy
values were determined with respect to C1s line
(284.6eV) originating from adventitious carbon. Depth
profilingwasdonewith anAriongunwith 5kV energy
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and 1pA current.

To study the effect of prolonged soaking on the
chlorophyll content inthe gel layer of the membrane,
two replicate coating mixtureswere prepared as de-
scribed above. Each mixture was poured into a petri
dishof 7.5 diameter, and left to dry overnight. One of
the two green plastic membranesformed in the petri
disheswastaken out and its surfaceanalyzed by XPS
for Mg 1s,Mg2p, O 1s, N 1s, C 1sand Cl 2p photo-
electrons. The second petri dish wasfilled with 10°M
MgCl, and kept in aclosed vessdl for 35 days. The
soaking solution was then poured off and the mem-
brane surface was washed thoroughly with distilled
water. After being dried in ades ccator under vacuum,
the surface of themembranewasanayzed by XPSas
for thefirst membrane.

RESULTSAND DISCUSSION

Extraction of chlorophyll

Four replicate extraction process of chlorophyll
resulted in obtaining average amount of chlorophyl|
equalsto 0.0973g. The method was highly reproduc-
ible as the results showed coefficient of variation
amounting to 2.55%. Thisreveda sthat thecomposition
of the prepared membraneis 10.8% chlorophyll, 44.6%
PV C and 44.6%(w/w) plasticizer.

Response and life-time of the electrode.

Cdlibration plots(pMgvs. E, mV) were obtained
after continuoudy soaking theelectrodein 1.0x10°M
MgCl, for 24, 36 and 48h, 7, 14, 21, 28 and 35 days.
Theaveragedopewas 31.2mV/Mg concentration de-
cadeover thefirst 48hrsand remained a most constant
for thefirst 7 daysthen decreased gradually reaching
28.3,26.1, and 21.5mV/ Mg concentration decade after
14, 21 and 28 days, respectively. Thed opewent down
20 mV/concentration decade after 35 daysof continu-
ous soakingindicating that the exchange processat the
interfacial junction containing thegel layer isnolonger
efficient and that the el ectrode has become expired.

Effect of pH

Theeffect of pH of theMgCl,, solution test solution
ontheelectrode potentia isgraphically representedin
figure 1. The pH of 5.0x10*M MgCl, solutionisal-
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Figurel: Effect of pH on theresponseof thechlorophyll-

based electrode

TABLE 1: Sdectivity coefficients(KP*
selectivedectrode

) of theMg(l1)-ion

MgJz+

Interferent pot Interferent pot

JZ+ K Mg, Jz+ Jz+ K Mg,Jz+
Li* 6.91x10* Co*™* 1.86x107
Na' 7.08x10° Ni%* 1.56x10°
K* 1.99x10° cu** 3.07x10°
ca 1.10x10°3 zn* 2.11x107?
Ba** 5.89x10°3 Fe** 4.39x102
MnZ* 1.25x10°

tered by theaddition of smal volumesof HCl and NaOH
(0.1-1.0M each) and the potentia isreported asafunc-
tion of pH. Fromthecurve, itisclear that theelectrode
potential showed stability in the pH-range 3.9-8.4.
Below and abovethisregion thee ectrode potentia in-
creased and the curve as a whole had a U shape
(Figurel). Theincreasein potential below pH 3.9 may
beattributed to the transformation of chlorophyll to the
acidformwherehydroniumion phaseexchangereplaces
themagnesium exchange at themembranesurface. On
the other hand, theincrease of potentia at pH vaues
greater than 8.4 is, most probably, dueto penetration
of sodiumionsinto themembranesurface.

Selectivity of the electrode

Themgor chdlengeinthedesignof Mg?*ionophores
has been for many applicationsin thediscrimination of
Cet*. Thevaluesof thesdlectivity coefficients(K™,, ™)
presented in TABLE 1 clearly showed that the prwt
electrode exhibited distinguished sl ectivity for Mg(ll)
towards Ca?* and many other cations including the
physiologica cationsNa‘and K*. Nevertheless, there-
sults also reflects high interference of Li* (K™, MoLi
=6.91x10%) which may be attributed to the fact that
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Figure2: X-ray photoelectron spectraof fresh (—) and

expired (----) membranes

TABLE 2: Quantification of X-ray photoelectron spectra of
thesurfacelayersof fresh and expired Mg(I1) ion-selective
electrodesbased on chlorophyll asion-exchanger

Binding (Fresh) .
Energy energy -, Normalized Atomic (EXp”?d) Atomic
SF Normalized
level center peak area % %
peak area
mV (counts)
Mgls 1306.7 11.8 26.85 1.34 19.14 1.73
O1ls 5345 293 47233 23.64 253.93 22.92
N1s 4038 180 13.76 0.69 10.21 0.92
Cls 2868 1.00 1449.23 7253 797.37 71.98
Cl2p 20200 229 29.74 1.49 21.61 1.95
Mg2p 519 0.33 6.15 0.31 5.58 0.50

*Statistical factor
thetwoionshavecloseionic radiil®l.

X-ray photoelectron spectraof themembranes

Thesurfacesof two membraneswereinvestigated
by X-ray photoel ectron spectroscopy. One membrane
wasfresnly prepared while the second was an expired
one that has been soaked in 1.0x10°M solution of
Mg(Il) for 35 days. The spectrawere scanned for Mg
1s,01s,N 1s, C1s, Cl 2pand Mg 2p electrons a a
take-off angleof 35 degree. Figure 2 showstheN 1s
band while TABLE 2 comprisesthequantification data
of al thebands.

Theresultsindicated that in case of the expired
membrane, the normalized peak areaand atomic % of
Mg 1s, Mg 2p and N 1s, which may be considered as
tracersfor thechlorophyll moiety, were muchlessthan
the corresponding va uesfor thefreshmembrane. This
provesthat thelimitationinthelifetimeof theeectrode
may beattributed to leaching of theionophorefromthe
gel layer to the bathing solution. The O 1sand C 1s
peak areas and atomic % decreased also asin case of
Mg 1s, Mg 2p and N 1sbut to agreater extent. This
revea ed that not only theionophorethat leachesfrom

themembrane surface but also the plagticizer, resulting
inagreater lossin O and C contents.

Itisasonoteworthy fromfigure 2 that the band for
theN 1sphotoel ectrons, in case of the expired mem-
brane, ischaracterized with s gnificant background count
whilein case of thefresh one, theband israther soft.
Thisismost probably attributed to the effect of thedif-
ferent dectrogtatic environmentsaround theatomsre-
sulting from the hydration processes associated with
thegd layer formation which do not exist in caseof the
freshmembrane. Thisisin accordancewith previous
resultsobtained for membranes containingion-pair and
ion-associate as exchangers'”.

CONCLUSION

Naturally occurring chelateslike chlorophyll may
be employed asion exchangersfor the construction of
ion-selective electrodesfor metal cations. Chlorophyll
wasvery successful asionophorefor Mg(ll). Thelimi-
tation of thelife span of plastic membranedectrodesis
attributed toleaching of the activeingredient and plas-
ticizer tothetest solution.
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