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In this work the isotherms of particle adsorption on membranes are evaluated
theoretically. The changes of adsorption center structure and the process of parti-
cle adsorption are considered in a consistent way. It is shown that the account of
potential well deformation at adsorption process may result in qualitatively
different regimes of adsorption. Dependence on the parameters of particle inter-
action with the adsorption center allows to obtain either Longmuir or S-shaped
isotherms of adsorption.
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Introduction. The running of a number of essential membrane processes
and in the first instance the transport of particles through membranes and reception
is closely related with the particle-membrane adsorption [1, 2]. Commonly, the cell
responds to the increase in the quantity of particles adsorbed on the membrane
depending on the type of adsorption isotherm. In turn, the isotherm type depends
on both the character of interaction of adsorbed particles and the adsorption
center, and interaction of adsorbed particles. The overwhelming majority of works
focuses on the impact of interactions between absorbed particles upon the
absorption isotherm [3—5]. As shown, allowing such an interaction leads to the
adsorption isotherm different from Longmuir’s isotherm provided, interaction
of adsorbed particles is dominated by force of attraction, then the adsorption
isotherm assumes an S-shaped form, and such a case is frequently referred to as
cooperative adsorption [6]. However, this article suggests one more way of
deriving an S-shaped adsorption curve with regard only to interaction of the
adsorbed particle and the adsorption center. The work [7] highlights a theoretical
study of reversible particle membrane adsorption with regard for changes in the
adsorption center during interaction of the adsorbed particle and the adsorption
center. As demonstrated, a cooperative consideration of adsorption and changes in
the structure of the adsorption center lead to a bistable adsorption regime and
S-shaped form of adsorption isotherms.

* E-mail: v.arakelyan@ysu.am



Proc. of the Yerevan State Univ. Phys. and Mathem. Sci., 2009, Ne 2, p. 60—62. 61

Theoretical Part. In this work the adsorption process is considered as an
adsorbed particle transition to a free potential well of the adsorption center from a
potential well, located nearly the adsorption center. We assume that during adsorp-
tion the particle deforms the potential profile of the adsorption center to slightly
deepen the potential well. A potential well depth value is proportional to a
generalized conformation variable.

To determine the adsorption isotherm one should firstly define a conforma-
tion variable stationary distribution that accounts its fluctuations in relation to
stationary values. The equation for a dimensionaless conformation variable x is
given in works [7, 8]:

Tﬁ=—x+ﬂ Y

dt . exp(—x)+y M

where 7 is the relaxation time of conformation changes, £ =x,_, determines the
value of a maximal change in the conformation variable, and y = K,c depends on
the quantity of c¢ particles in near-membrane area (K, is a quasi-chemical

adsorption reaction equilibrium constant). The effective conformation potential of
a system U, (x,7,/) is determined by equation

ou . (x,7,
_dr__ Uy (7). o
dt Ox
After integrating the right side of the equation (2) and with regard for (1), we

derive the following effective conformation potential expression:
2

Ueff(x,}/,ﬁ)=%—ﬂ(x+ln|7/+exp(—x)|), 3)

Let us demonstrate that the conformation potential (3) brings to the non-
Longmuir’s isotherms adsorption of particles. One should note that the density
of equilibrium distribution of a conformation variable P(x,y, /) is as follows:

P(x,7,8)=Z"exp(-U 4 (x,7. ),

@
Z= I exp(_Ueff (X,%,B))dx-
0

The work [7] contains calculation of the adsorption center @, filling at a
given value of the conformation variable:

- r (5)
y +exp(=x)
Using (4) and averaging (5) by all the configurations of the conformation variable,
we derive the following expression for the adsorption isotherm:
0(r.p) = | —L——P(x,7,B)dx, 0<6O<L. (6)
0 7 +exp(=x)

Results and Discussion. A noteworthy result of the suggested adsorption
theory is the fact that consideration of a potential well deformation during adsorp-
tion leads to a possibility of realization of diverse-type adsorption curves. Adsorp-
tion isotherms, determined by expression (6) at different values of parameter £, are
given in Figure. As seen from curves 1 and 2, an increase in S parameters brings
to a qualitative change in the shape of the curve. Analysis of the system
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U, (x,7,p) indicates that the S parameter values, that result in Longmuir’s

isotherm (curve 1), conform to a monostable adsorption regime. In the case of
realization of bistable adsorption regime, the adsorption isotherm (curve 2) assu-
mes an S-shaped form typical for cooperative adsorption.
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Commonly, a cooperative adsorption isotherm is derived through introducing inter-
action of adsorbed particles, as earlier performed by Frumkin [8]. An S-shaped
adsorption isotherm origination mechanism is different for these two variants.
Obviously, should a mean distance between adsorbed particles be large, then inter-
action of the adsorbed particles is weak and a probability of cooperative adsorption
regime realization, according to Frumkin, is low. In the case of the suggested
mechanism the effect of cooperative adsorption regime is independent on the mean
distance between the adsorbed particles. Such a fact can underlay identification of
a mechanism of cooperative particle binding to the adsorption center.
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Punuuptbph Ypw dwuthlubph wnunppdwt hgnpbpdbpp wnunppdw
Jtunpnth jurniguspughtt thnthnunipinitibph weuyynipjudp

Upjuwwnwiipnid pipdus b punuiptbnh ypuw dwubthlubph wgunppdwi
hqnptpdtph mbuwlwb hwyguplutp, npubn huptwhwdwdwyubgyus YhEpuny
tjupugpynid i dwuthlubph wnunppnidp b wnunppdwt §Etnpnh jurnigus-
pughtt thnthnpunipyniip: 8nyg E wipdws, np wnunppdwt gphwypnid ywnunbbghw-
lughtt thnup ghdnplwughuyh weuynippniup wpunppdw mwuppkp nkdhd tkph
hpwjwbwgdwt httwpwynpnipmitt t nwjhu: 8nyg £ wpqws twl, np juhudws
wnunppudwt JEunpnuh htn hnpowgnnn dwuthjubph wupwdtnpbphg, jupkh &
unnwtiw) hyybu LEuqUniph hgnplpdp, wjtybu b wyunppdwt S-adwt Ynp:

H3oTepmbI afcopOIMy YacTHIl HA MeMOpaHax ¢ y4eTOM M3MEHEHHMA
CTPYKTYPBI aACOPOIIMOHHOTO IIEHTPa

B pabote npuBeeHbl TCOPETUUESCKUE BHIYMCICHUS U30TEPM aJCOPOIMH YaCTHIl Ha
MeMOpaHax, TII€ CaMOCOTJIACOBAaHHBIM 00pa30oM OIHCHIBAIOTCS AancopOLus YacTHIl U
U3MEHCHHUE CTPYKTYphI aJCOPOINMOHHOrO IieHTpa. Iloka3aHo, 4To yueT aedopmanuu
MOTEHIUATIBHON SIMbI TIPH aJCOPOIMH MPUBOJIUT K BO3MOXKHOCTH pPealT3aluK Pa3InuHbIX
pexxumoB ancopOiuu. [lokasaHo Takke, YTO B 3aBUCHMOCTHA OT IapaMeTpOB B3aMMO-
JICUCTBHS YaCTUIBI C aJCOPOILMOHHBIM IIEHTPOM MOXKHO MOJNYYHTh Kak n3orepmy JleHr-
MIOpa, TaK U S-00pa3Hy0 KPUBYIO aJCOPOLUU.



