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ABSTRACT

The tetramethylthiuram monosulphide (TMTMS) and tetraethylthiuram disulphide (TETDS) explored as suitable
ionophores to investigate the interaction of thiuram ligands with heavy metal ions. lon selective sandwich
membrane method was used to determine stability constants. It displays good logp,., (for Ag+ with TMTMS and
TETDS~6.7 and for Hg+ with TMTMS and TETDS ~6). The response time and life times are 14 s and eight weeks
respectively over a wide pH range (3.5 - 9.5). Interference from other metal ionsis very low and it can be used as
indicator electrode in the potentiometric titration of silver and mercury ions and to determine their concentrations
in agricultural soil water samples.

Keywords. Sandwich Membrane Method, lonophore, Heavy Metas IDetections

INTRODUCTION

Molecular associations between a receptor or hadécule (ionophores) and a substrate or guest migldmetal
ion) to form metal ligand complexes have been widgldied and different techniques have been iigetsd to
determine the stability constant [1-3]. Stabilignstants are well known tools for solution chemibischemists
and chemists in general to help determine the ptiegeof metal-ligand reactions in water and bidtaf systems
[2-4]. A number of methods are today available te@asure ion — ionophore stability constantske
spectrophotometric method on thin plasticized geigyl chloride) (PVC) films was used to determithe apparent
complex stability constants of ion carriers dingatlithin the polymeric phase [5,6]. An analogousentiometric
method to determine effective complex formationstants in the organic membrane phase was repategla[7].
The two methods do have some drawbacks. Firstse¢lective ionophores may not behave ideally in nramd
matrices. Second, careful pH control is requiredc& a large number of ions are only soluble withilimited pH
window, it limits the application of these method#ird, these methods cannot be used for anioretheteand
electrically charged ionophores. Complex stabilitgnstants have also been determined with voltanmenetr
experiments at liquid—liquid interfaces [8]. Whil®ltammetry is intrinsically a kinetic method, atferefore,
perhaps less reliable than potentiometry in thépeet, no rigorous study has been performed o feliow whether
voltammetry is a truly viable alternative.

Carrier-based ion-selective electrodes (ISEs) iteggimple, low cost and very effective for theedir selective
detection of ionic species in complex samples [P-E2r this type of electrodes, the stability camstof the ion—
ionophore complex within the membrane phase isaiv@portant parameter that dictates the pracgegctivity of
the sensor. The sandwich membrane is the membrade by pressing two individual membranes (ordigariie
without ionophore and one with the same componants an additional ionophore) together immediatdtgra
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blotting [13-15]. The membrane potential is indegamt of the incorporated ionophore since the camaton

changes at both interfaces are symmetrical. Inrttéthod, the two phase boundary potentials areupied from

each other by fusing two membranes, with only angaining the ionophore, to form a sandwich. Iftbobntacting
aqueous solutions have identical composition, titeal membrane potential is a direct function loé &activity ratio
in both membrane segments. The ionophore will degréhe ion activity in one segment by orders ofmitade

relative to the one that contains no ionophore. Mieasured potential difference of the sandwich nmramdand a
single membrane is, therefore, conveniently usexatoulate the complex stability constant.

Thiuram sulfides can be used to extract metal gaisctively. Thiuram is a dimethyl dithiocarbamatempound
used as a fungicide to prevent crop damage inighe &nd to protect harvested crops from detelimnain storage
or transport [16]. In this study tetramethylthiuramonosulphide (TMTMS) and tetraethylthiuram disudigh
(TETDS) Fig. 1 are used as ionophores. Kanmsagdh,, proposed that the fungicidal effect of thiuram wasnected
with their ability to form complexes with the heametal ions [17,18]. It thus seemed interestinqit@stigate the
stability constants values of thiuram compounds$ witetal ions in order to study the mode of its dowtion with
metal ions [19-20].

[ .

Fig. 1 Structure of tetramethylthiuram monosulphide (TM TMS) and tetraethylthiuram disulphide (TETDS) ionophore
EXPERIMENTAL SECTION

2.1 Reagents

Sodium tetraphenyl borate (NaTPB), o-nitrophenyllmther (NPOE) was obtained from sigma Aldrich, thig
molecular weight PVC and tetrahydrofuran (THF).dphores TMTMS (tetramethylthiuram monosulphide) and
TMTDS (tetraethylthiuram disulphide) were purchademn Sigma-Aldrich. Metal salts AI(N{s;, Cu(NG),,
Ni(NO3),, Fe(NQ),, Ca(NQ),, Hg(NOs),, Zn(NGs), and Pb(NG), were purchased from Sdfine, NaCl from Loba
chem and AgN@were purchased from Qualizen. Aqueous solution$ @) were prepared by dissolving the
appropriate salts in distilled water.

2.2 Preparation of Membranes

2.2.1 Preparation of poly(vinyl chloride) based membranes

Of the various binders used for preparing heteregas solid-state membranes, PVC has been mostywideHd
due to its relatively cheap cost, good mechanicapgrties, inertness and amenability to plastiginat An
important requirement for making PVC membranes ofieatral ionophore is that the ionophore, PVC and
plasticizers should be soluble in some fast evdparasolvent. Therefore, the membranes were prepéare
dissolving different amounts of ionophore, PVC sgildizer and ion excluder in THF. After thorouglsgblution, the
homogeneous mixture was concentrated by evapor@tittgand it was then poured into polyacrylates siptaced
on a smooth glass plate. The solution should begabgently so that bubbles could not form. After #vaporation
of THF, a transparent membrane of was formed anc# removed carefully from the glass plate aneédio one
end of Pyrex glass tube [21-25].

Besides the critical role of the nature of ionoghor preparing membrane-selective sensors, sonee tiportant
features of the PVC based membrane electrode, asclamount of ionophore, nature of solvent mediator,
plasticizer/PVC ratio and nature of additive usealkmown to significantly influence the sensitivagd selectivity.
Thus, the ratio of membrane ingredients, time aftact and concentration of equilibrating solutiels. were
optimized after a good deal of experimentation tovigle membranes, which generated reproducible shable
potentials. The blank membrane having only PVC ambrane ingredients was also prepared to obsere¢hemh
any background potentials were generated or not2p
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2.2.2 Preparation of sandwich membranes

lon-selective electrode membranes were cast froavealmentioned procedure. The blank membranes (utitho
ionophore) were also prepared having same comgpnosifihe sandwich membrane was made by pressing two
individual membranes (ordinarily one without ionopé and one with the same components and an asflitio
ionophore) together immediately after blotting thiedividually dry with tissue paper [28]. The olitad sandwich
membrane was visibly checked for air bubbles befooeinting in electrode body with the ionophore-eaming
segment facing the sample solutiofhe combined segmented membrane was then rapidinted on to the
electrode body and measured immediately.

2.3 Electrode setup and EMF measurements

lon selective electrode membranes were cast byldiag the ionophore and NaTPB, together with P\(@ #he
plasticizero-NPOE to give a total cocktail mass of 106 mg, iml5 of THF and pouring it into a glass riraffixed
with rubber bands onto a glass slide. The solvétf Was allowed to evaporate overnight. The rationefmbrane
ingredients, were optimized and the best membrangosition is mention in Table 1. The parent memésavere
then removed from the glass and conditioned ovhtrilgappropriate solutions: 0.1 Molar nitrate $wlns for the
transition metal ions Bg& Ni?*, CU¥*, Zr**, Ag', Hf" and 0.1 chloride solution for alkali metal ion Nand 0.1
nitrate solution for alkaline earths €aand representative metal ions’AIPKF*. All membrane electrode potential
measurements were performed at laboratory ambéemperature in unstirred salt solutions (identicathte inner
filling solution) versus a double junction referenelectrode with a 1 M KN©Obridge electrolyte. The sandwich
membrane was made by fusing two individual memlsaf@e without ionophore and one with the same
components and additional ionophore together wigsgure from a metal spatula, after blotting thedividually
dry with tissue paper. The obtained sandwich men#reas visibly checked for air bubbles before mimgnin the
same electrode body with the ionophore-containgmgreent facing the sample solution. The potentia reaorded
for five minute interval in the appropriate saltugmn. The elapsed time between sandwich fusiahexposure to
electrolyte was typically < 12 hours.

2.4 Determination of stability Constant

A selective complexation of analyte ions by iono@sois primarily responsible for the selectivity sénsors.
Despite the wide use of lipophilic and chemicattymobilized ionophores in chemical sensor applicetjonly a
limited number of experimental techniques are add to assess the binding strengths of theseyhigibctive
molecular probes directly in the polymeric matrixtioe sensor. A different approach to measure cemglability
constants in ISE membranes relies on recordingrelacpotential of segmented sandwich membraneseQal .,

Polymeric membrane electrodes primarily respondoto activities on both sides of the aqueous-orgaofiase
boundary. The incorporation of an ion carrier itite membrane phase should induce a substantiaitiatehange
at the sample-membrane phase boundary, since mhaciivity within the organic phase is dramaticalyered.
Therefore this effect could be used to determiegfdihmation constant of the ion-ionophore complex.

In present studies the stability constants aresiiyated according to method proposed by Mi andkBak1999)
using following equation [29]:

(LR [ EunF
:Bn_n_(LT le eXp( RT j

WherelL; is the total concentration of ionophore in the rhesme segmen®; is the concentration of lipophilic
ionic site additivesn is the ion-ionophore complex stoichiometry &dl andF are the gas constant, the absolute
temperature and the Faraday constant respectiadlyaa ion carries a charge ®f This relationship allows for the
convenient determination of formation constantdoofionophore complexes within the membrane phas¢he
basis of transient membrane potential measurememtéwo-layer sandwich membranes. The knowledge of
formation constants of the relevant complexes iebeial to the process of optimizing the structaféonophores
and the composition of ISE membranes for givenyaeabns.

2.5 To Find Metal-Ligand Stochiometry (Mole Ratio Method)

Perhaps the simplest of the spectrophotometrimntqabs that have been used for the study of confplexation
equilibria is the molar ratio method [28]. A serie$ solutions are prepared which contain equal &rm

2503



Tanveer Irshad Siddigi and Sameena M ehtab J. Chem. Pharm. Res., 2015, 7(3):2501-2506

concentrations of a metal ion but different forntaincentrations of the complexing agent. The rafidhese
concentrations should usually vary from about 6.1Q or 20. The absorbance of each solution is theasured. If
only the complex absorbs at the wavelength wherasorements are taken then these absorbance’sog@rponal

to the equilibrium concentrations of the complex io the solutions, and a plot of the absorbaneénstythe ratio
of the number of moles of ligand to the number aflen of metal ion (which is the same as the rafidhe

corresponding total or formal concentrations).

The method is analogous to a spectrophotometratitin if one plots the absorbance, corrected ilotidn, against
the ratio of the number of moles of the ligand tetah ion. Note that, as in a spectrophotometri@ttiin, this

method yields results if the ligand or metal ios@tbs at the wavelength used for measurementhbewhape of
the curve is different. The extent of the curvatimethe vicinity of the end point depends on theyrde of

dissociation of the complex. However, the stoichetne formula of the complex can be found by exttaping the

straight-line portions of the graph, which is ty fizat the point at which these lines intersectesponds directly to
the ratio of ligand to metal ion in the complex.is'hbrocedure works very well for weakly dissociafed. mostly

associated) complexes. But if the dissociation tmmf the complex is too large, the molar rafiat wvill become

a smooth continuous curve and it will be imposstbléocate the stoichiometric point. In such cabetter results
can often be secured by the slope-ratio or contist@riations methods. Within a certain ratherrigtsd range,
however, the curvature around the "end point" wfddar ratio plot can be turned to good advantageused for the
calculation of the dissociation constant of the ptar. Another advantage of the mole ratio methoer dke method
of continuous variations is its increased accuiadifferentiating MLs vs. MLg type complexes.

RESULTSAND DISCUSSION

For the simple case of equal charge of the priraadinterfering ion and equal stoichiometry of tremplexes,
the selectivity coefficient is an equilibrium coast and independent of the membrane concentratibimnophore
and lipophilic ionic sites, as long as the ionoghi@r present in excess relative to the sites. Hsemwed selectivity
is then directly proportional to the ratio of thalkslity constants of the involved complexes. Buitthis case, the
relationship between selectivity and complex stigbitonstants is also dependent on the concentsatad the
relevant membrane components, and mathematicak&sipns are available that relate these paramieterach
other for membrane optimization purposes.

In order to know the stochiometry of ligands witletad ion, in preliminary experiments TMTMS and TIES were
used as suitable ligands in spectrophotometriaiigales for the study of complex formation equikbby the molar
ratio method. A series of solutions were preparéichv contain equal formal concentrations of a maial and
formal concentrations of the complexing agent. dsviound that the ratio of the concentrations wiahous metal
ions (stochiometry) was approximately 1:1. Variatiof Absorbance v/s concentration of ligand/conagitn of
metal is presented in Figs. 2 and 3.

The composition of membrane with different plagiées and additive, performing best is given alontp wtheir
characteristics in Table 1. Among the three diffie@asticizers (NPOE, DBP, TBA), the NPOE is a eneffective
solvent mediator in preparing the selective membralectrode. To investigate stability constants tlifeerent
membrane with composition 4 mg lonophore, 2 mg N&T& mg NPOE and 33 mg PVC were prepare with
TMTMS and TMTDS as ionophores. Experimental valaegEMF for TMTMS and TETDS of PVC (blank) and
sandwich membranes in metal ion solution (0.1 M)rapresented in Tables 2 and 3.

Table. 1 Optimized composition of various componentsfor membrane preparation

S.No. Compound Composition (mg)
1 Poly(vinyl)chloride
2 TMTMS or TETDS 4.0
3 2-Nitrophenyl octyl ether 99 % 67
4 Sodiumtetraphenylborate 99.5 Po 2.0

Among different tested cations, Apn gives best stability constant (6.79) with TMBMnd H§ with TETDS. The
stability constant obtained for all other testedioza were lower than these for silver and mercwgsi The
determined formation constants (I8g,) for the examined cations were recorded in Table 4

2504



Tanveer Irshad Siddigi and Sameena M ehtab

J. Chem. Pharm. Res,, 2015, 7(3):2501-2506

124

o
@
1
n

Absorbance
o
>
1
"

0.4 .

024

144

124

104

0.84

Absorbance

0.6

0.4+

0.2+

T T T

T T T T
0.0 0.5 1.0 15 2.0

crc,

c /e,

Fig. 2 Deter mination of stochiometry (~1:1) between TMTM Sand TETM Swith Ag" ions

124

o
@
1
u

Absor bance
o
>
1
| |
Absorbance

0.4 .

0.24

.
0.0 0.5 1.0 15 20
crc,

084

0.74

0.6

054

0.4+

034

0.2

T T T T T T T
0.4 06 0.8 1.0 12 1.4 16 18

c/c

™

Fig. 3 Determination of stochiometry (~1:1) between TMTM Sand TETM Swith Hg"ion

Table. 2 Experimental valuesof EMF for TMTMS and TETDSfor PVC (blank) and sandwich membranesin Ag*(0.1M) solution

S No. | Time (min) EMF of PVC (Blank) Membranein AgNO3(0.1 Molar) | EMF of Sandwich Membranein AgNO3(0.1 Molar)

T For TMTMS For TETDS For TMTMS For TETDS
1 0 -0.014 0.025 0.000 0.025
2 5 -0.012 0.035 0.004 0.029
3 10 -0.007 0.040 0.008 0.033
4 15 -0.005 0.045 0.011 0.038
5 2C 0.000 0.04% 0.01: 0.04:

6 25 0.000 0.049 0.015 0.048
7 30 0.000 0.050 0.016 0.053
8 35 0.000 0.051 0.017 0.058
9 40 0.000 0.052 0.018 0.063
10 45 0.000 0.052 0.019 0.068
11 50 0.00C 0.05: 0.01¢ 0.07:

12 55 0.00C 0.052 0.020 0.076

Table. 3 Experimental valuesof EMF for TMTMSand TETDSfor PVC (blank) and sandwich membranesin Hg* (0.1 M) solution

SNo | Time(min) EMF of PVC(Blank) Membranein Hgx(NO3),(0.1M) | EMF of Sandwich Membranein Hgy(NO3),(0.1 M)

) For TMTMS For TETDS For TMTMS For TETDS

1 0 0.017 0.000 0.014 0.000

2 5 0.022 0.002 0.015 0.006

3 10 0.025 0.005 0.016 0.009

4 15 0.026 0.008 0.017 0.011

5 20 0.027 0.011 0.018 0.014

6 25 0.028 0.014 0.019 0.018

7 30 0.028 0.017 0.020 0.018

8 35 0.028 0.017 0.020 0.018
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Table. 4 Experimental results of stability constant (logp.,) for TMTMSand TETDSas ionophore with different metal ions

. Stability constant log S
Metalions |~ \iTMS | For TETDS
Fe* 4.691 6.1014
Ni%* 3.720 5.350
cuw 5.059 5.380
zn? 5.212 5.387
Ag' 6.790 6.659
Hg" 5919 6.229
P 5.045 5.045
ca’ 4.993 5.789
Na’ 5.380 4.981
Al 5.858 5.556
CONCLUSION

We have used TMTMS and TETDS thiuram as ion cafi@rophores) for construction of a sandwich PVGduh
membrane sensor to determine stability constamtseeeral metals. It was found that these ionoghsh®w best
responses with NPOE plasticizer and NaTPB aniodititi@e in PVC matrix. The considerably high valuefs
stability constant for silver and mercury ions wesdculated by sandwich PVC membranes that con$imong
binding with these ionophores. Further, in futune proposed sensors can also be used for the dedtion of
silver and mercury ions in several real samplesyaisa especially in agricultural soil water sangple
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