Sensors 2001, 1, 13-17

SENS0rs

| SSN 1424-8220
© 2001 by MDPI
http:/AMww.mdpi.nd/sensors

Affinity sensors in non-equilibrium conditions. highly selective
chemosensing by means of low selective chemosensors

Vladimir M. Mirsky

University of Regensburg, Institute of Analytical Chemistry, Chemo- and Biosensors,
D-93040 Regensburg, Germany. E-mail: vladimir.mirsky@chemie.uni-regensburg.de

Received: 6 June 2001 / Accepted: 18 June 2001 / Published: 20 June 2001

Abstract: The selectivity of measurements by means of affinity sensors in
(quasi)equilibrium conditions and in non-equilibrium conditions was compared. The results
show that the measurements in non-equilibrium conditions can reduce or even eliminate a
relative contribution of interferentsto a sensor signal.
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I ntroduction

Affinity sensors represent one of the largest group of chemical and biological sensors [1 - 6].
Such sensors consist of an immobilized receptor layer (containing, for example, ionophores,
antibodies, oligonucleotides or other chemical or biological receptors) and deliver a signal which
depends on the adsorbed amount of species on the electrode. A type of this dependence (usualy, a
proportionality) is determined by the transducer used and by physical or/and chemical properties
(mass, dielectrical or optical properties, etc.) of the adsorbed species.

Such sensors are usualy used in quasi-equilibrium conditions, where the amount of adsorbed
species is completely determined by the binding constant of a receptor. An intensive development of
flow-injection analysis [7] during last decade provides a perfect instrumental feasibility to perform
measurements under precisely controlled non-equilibrium conditions. As we show in this paper, it can
provide a considerable improvement of selectivity of analysis.
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M odel

Let us consider a simple model of adsorption, where reactions at the interface are limiting
stages d the whole processAdsorgion raes fo a compétive adsorpon o an analye A and ¢ an
interfering specie B onto idenicd binding stes (accordig to Langmir's adsorpon isotherm can be
descibed as fdlowing:

do
—th :kA,aCA(l‘@A ‘@B) —Kad©a
(1
do
—dtB =kB,aCB(1‘@A ‘@B) —Kg 4Op

where ©5 and ©g are mola fradiond coverags d senso binding stes by the speciesA and B.
Corregpondingl, ka o and kg 5 are the adsorpon rae @mnstans for A andB, while ka4 and kg 4 are
desorpion rat mnstans for A andB andca andcg are bulk corcertration o A andB, respetively.

By analogy toa seletivity defintion used in chromatognahy and ecanmended by IURC
[8], let us define a sel¢iwity of affinity sensos as a o of an amoun of reagem and d interferent
associatd with receptori.e.a seletvity of a senspto a reagehA reldive interfeing reagenB is

C]
Sap = @)

OF
Another approach to define the selectivity of affinity sensor as a ratio of partial selectivities
related to an analy and © interfaing compound [9, 1Q or by using ¢ alineaized analoge d the
Nikolski equaion [1] would give a value dfering fram (2) by a constan facta only. This caredion
isnat essetial for the comparive analysis preserdenere.

M easurements under (quasi)equilibrium conditions
. - .. O, _dOg ,
A solution of (1) and (2) for equilibrium conditions ( T:TZO ) resuts in a sensor

seledivity unde equilibrium Sagequ) :

Opequ _ Cakaakpgd

)

Sam = =
(equ) B,equ Cp I<A,d kB,a
wher Oaequ and Opequ are molar fractional coverages by the species A and B at equilibrium
condtions.

This seletvity value is vdid for most d the measurementsy mears d affinity sensos that
are desobed so far.
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M easur ements during an adsor ption phase

In some cases, especially if adsorption rates are slow and an equilibrium can not be reached
during a reasonable time, measurements are performed during the initial phase of adsorption; in such
conditions, the effects of a competitive adsorption and the effects of a desorption are negligible, and a
solution of (1) and (2) resultsin avalue of selectivity for the initial phase of adsorption Sa/g(ads):

caka,
SAIB (ady = FB: (4)

Therefore,

Sa/B(ady _Kagd

)

SaBeq Ked

Therefore, a measurement at an initial phase of adsorption kinetics leads to an increase of the
selectivity, if adesorption rate for analyte exceeds a desorption rate for interfering species.

M easur ements during a desor ption phase

Let us consider a selectivity of measurements during desorption of species A and B from the
electrode after an equilibrium has been reached. At zero initial bulk concentrations of A and B its
desorption kinetics can be described as:

Op =Op equeXP (_ kA,dt)
(6)
Op = G)B,equ exp (_kB,dt)

Therefore, the selectivity of measurement after a desorption time tq can be calculated from (2) and (6)
with substitution O equ/Og from (3):

Caka aKp 4
S AB(des) = m [(kB,d _kA,d)td] (7

The increase of the selectivity of measurement is described as

SamB(
S e - eXp[(kB,d ~Kagd) td] (8)
A/B(equ)

If the desorption time tq corresponds to a desorption of 50 % of the analyte A,

Ky O
4 10
SalB(des) _ okaa O

SA/B(equ)
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For affinity sensors which have a proportional dependence between their signal and occupation
of binding sites, this result means that a desorption of analyte corresponding to only 50% decrease of
the sensor signal can lead to an essential increase of selectivity of measurement: the ratio of the
desorption rate constants of A and B of 4, 10 or 16 times results in an increase in selectivity over the
conventional equilibrium selectivity by afactor of 8, 512 or 32768 respectively.

Results of the numerical calculation of selectivities during several adsorption/desorption cycles
areillustrated in Fig 1. If a (quasi)equilibrium adsorption was not achieved during the first adsorption
cycle, amaximal selectivity can beincreased by using of several adsorption/desorption cycles.
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Figure 1. Calculated fractional coverages of receptor layer (© o and ©g) and itsratio (Oa / Og)
for competitive adsorption of species A and B during severa adsorption/desorption cycles.
Parameters: CAkA,a =0.2, CBkB,a =0.1, kA'd =0.01, kB,d = 0.05.

Analytical aspects

This article demonstrates that a selectivity of analysis performed by means of affinity chemo-
and biosensors depends on the mode of analysis. Measurements under non-equilibrium conditions can
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provide a higher selectivity than under equilibrium ones. A choice of optimal measurement conditions
depend on cesorpion rae mnstans for analye and interfeing sgecies.

If the rate onstam of analye desorpon is highe than tha of interfering sgecies an analysis
during an intial part d adsorpion sta@ piovides some increasé seledivity. This increase isqud to
the rdio o the respetive rate onstants.

If the desorpon d an analye is slowe than tha of interfering sgcies ore can reah a
consideral# impiovemen of selecivity performing an analysiafte partial cesorgion d speciesbond
to a sensosurface A quartitative value ¢ this seletivity improvemenh depexds on desorpion raes
and desoriion time and is limited only by anacceptal®@ atenuaion o a sensp signd due to
desorpion d analyte This idea ca be gplied to any tye d affinity chem@ensos and bicsensors,
including bicsensos with ampifi cation cascadesApplicaions in flow-injedion immunosensos and
gere sensorsin which esorpgion praesses are shoenough to ke nonitored and cotrolled qute
precisel/, seen to be paticularly useful.
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