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ABSTRACT: Proper CAD design of microsystem oriented for environment monitoring requires accurate models of  ion-selective sensors. In this work, the model describing the steady state response of the ionophore based ion-selective membranes is presented according to the theory presented in [1,3]. It takes into account single ionophore, fixed anionic sites inside the membrane as well as various differently charged cations and anions. In this paper the comparison was presented between mentioned model and Van der Bergh model basing on the theory presented in [1] and developed in [2]. The relations between both models were also presented.
INTRODUCTION

Chemically Modified Field Effect Transistors (CHEMFET’s) are devoted to detection of particular species (or compounds) in surrounding electrolyte. As it is presented in Fig.1 the metallic gate over the channel of the ordinary FET transistor is replaced (modified) by reference electrode, measured electrolyte, ion-selective membrane and PolyHEMA layer (complying the function of inner electrolyte of known composition that stabilizes the work of the CHEMFET system). Additional layer (membrane) introduced to the FET structure influences the threshold voltage of FET by contribution of membrane potential into well-known equation describing threshold voltage of the transistor.

A quantitative description of membrane processes and membrane potential was undertaken by many authors [1,2,3]. In this paper some connections between relatively complicated Van der Bergh model and simple Nikolsky-Eisenman model were investigated by attaching to the empirical parameters physical interpretation

The goal of this paper is to compare two models of ion-selective membrane. Both of them take into account the presence of single ionophore as well as presence of lypophylic salt in composition of the investigated membranes. 
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Fig.1 Cross section of  CHEMFET structure
THE MODEL

Let us consider the system of any ionic species i of activity ai in the measured electrolyte s which influences ion sensitive membrane phase. According to known theory the boundary potential drop on the electrolyte-membrane interface can be described by the following equations: 
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where:

ai(m), ai(s) – activities of certain ion in membrane and solution respectively. 

zi – electrovalence of ion i (1,2... for cations –1, –2... for anions respectively) 

F,R,T –  constants

ki – partition coefficient of ion i
Activity is connected with mole concentration by the following formula:
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where:

fi – activity coefficient is described by:



[image: image4.wmf]CJ

J

B

J

Az

i

i

i

f

+

+

-

=

)

1

/(

)

(

2

10

d


(4)

A, B, C – parameters characterising an  electrolyte, (i  – effective diameter of ion i [4],  J – ionic strength

Let us assume also, that cation Ci present in the membrane are partially complexed by the ionophore L .  
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where:

aLci – ligand ionophore-cation activity, aL  – activity of free ionophore in the membrane phase, aCi – activity of particular cation in the membrane phase, (i – complex constant.

Ligands of cation i – ionophore L create complexes with fixed lypophylic salt Y of total activity in the membrane aYTOT.  
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where:

aYLCi – ligand-lypophylic salt complexes activity in the membrane phase, aY  – free lypophylic salt activity in the membrane phase, Kai – constant.

Overall activity of cation i in the membrane – ai(m)TOT  can be described by the sum of free ion activity and complexed one as follows:

For cations:
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For anions:
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Equations (5) (6) (7a) yield:
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Where Ki can be treated as a total partition parameter:
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In our case with respect to the ionophore balance in the membrane as follow:
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aL can be derived as a function of LTOT and activity of complexed cations i in the membrane.
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Taking into account the lypophylic salt balance:
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We obtain:



[image: image14.wmf]å

å

+

+

+

=

i

Ci

i

ai

LTOT

C

i

Ci

i

C

YTOT

Y

m

a

k

a

k

m

a

k

a

a

)

(

)

1

(

1

)

)

(

1

(

1

1

b

b


(13)

Finally introducing eq (11) (13) to equation (9) we can obtain the final shape of total partition parameter for certain cation i.
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Where kC1 represents the partition coefficient of primary (main) ion.

As it was mentioned before the fixed anionic sites are present in the membrane. Its activity holds constant and equals aYtot. Assumption of electroneutrality of the membrane yields:
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Where ai(s) symbol refers to activities of all ions i in the solution

The response of the membrane electrode is given by the sum of constant reference potential E0 and concentration dependent potential difference at the electrolyte – membrane interface EB:
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Equations (15) and (16) gives a general theoretical description of a steady state response of the ion-selective electrode. Combining them the relation similar to known Nikolski-Eisenman formula which is usually used for practical purposes can be derived:
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Where modified reference potential equals:
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and selectivity coefficient equals (assuming the same valence of main and disturbing ion):
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Symbol j refers to the so-called disturbing ion influencing the membrane potential.

Described model is further called as the +Nikolski model.

Equation (17) become identical to known Nikolski-Eisenman formula (equation (20)) in two particular cases.  (a) When ions of the same charge are involved in the interfacial equilibrium (zi=zj) or (b) measured solution consists only of single disturbing ion in absence of primary ion.
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The potentiometric parameter Kij  is usually evaluated by fitting measurement curves.

RESULTS AND COMPARISON

For all models two identical sets of preliminary parameters were set. 

aYtot=5e-4, aLtot=1e-3, ki=1E-6, kj=1E-6, ka=1e-6 (i=1E9, (j=1E5, Kai=0, zi=1, zJ=1, A=0.51 , B=0.365 , C=0.1, (i=3 , (j=3

ka – partition coefficient of anions

They refer to the K+ sensitive CHEMFET with presence of secondary ion Na+. Mentioned parameters can be found in the literature.

For the model described by “standard” Nikolski-Eisenman equation (equ. 20) the Kij coefficient value was set as 3.16e-4 according to measurements performed at the Warsaw University of Technology for K+ sensitive CHEMFET and Na+ as a disturbing ion.

All models were implemented in ELDO (Hdl-a) simulator as well as HSPICE with usage of ABM option.
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Fig.2 Comparison of described above +Nikolski model and Van der Bergh model 
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Fig.3 Comparison of described above +Nikolski model to Nikolsky-Eisenman  model (eq.18)
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Fig.4 Difference between the Nikolski+ model and Van der Bergh model for disturbing ion concentration cj=0.1[mole/l]

CONCLUSIONS

The comparison between two models was presented in this paper. First one called +Nikolski refers to the physical values of certain species present in the membrane. It fits very well the Van der Bergh model in the range of low, medium and higher concentration of the main ion. For presented membrane composition this is up to 0.1[mole/l] or even further toward the rising concentrations values. As it was presented it this paper it does not cover the range which is influenced by anionic error (range of strong concentration of the measured solution).  This model connects the well-known Nikolski-Eisenman model with Van der Bergh model, and shows the physical interpretation of selectivity coefficients and reference potential in Nikolski-Eisenman equation. Mentioned model can become also the base of parameter identification.
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