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On the adsorbed mass of polymers on surfaces
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It is shown that for ideal polymers interacting with a surface via the pseudo-
potential of a delta function, the number of contacts between the monomer units and the
surface as a function of concentration ¢y, is a dependence of the form [y, /(1-Cky,). The
architecture of the polymer, the degree of polymerization, the interaction energy be-
tween a monomer unit and the surface, the area of the surface and the monomer length
are embodied in the parameters Jand [1 The above dependence of the adsorbed mass of
a polymer on the concentration is confirmed by the experimental results of Takahashi
and his collaborators. For linear polystyrene of molecular weight 1340103 interacting
with a chrome plate, the parameters [ and [ are, respectively, about equal to
(89938/273) D “° m and (~19300/273) m3 kgL
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In this work, studies on the behaviour of an ideal chain!? are continued, since the
potential of a delta function leads exactly to results which approach sufficiently well the
experimental data. One of these experiments is the experiment of Takahashi and his col-
laborators.10 They studied the adsorption of polystyrene having molecular weights
from 104 to 13[110° onto a chrome plate from a cyclohexane solution at the Cltempera-
ture. On the other hand, Fu and his collaborators studied the adsorption of polystyrene
onto gold from dilute solutions under Ccondition.!! Also, Anada and Kawaguchi stud-
ied the adsorption of binary mixtures of polystyrenes onto porous and nonporous silica
surfaces.!2 In addition, Kawaguchi and Takahashi extended their studies to polymers of
more complex architecture. They studied the adsorption of a well-characterized
comb-branched polystyrene onto a chrome plate from a cyclohexane solution at the [
temperature.!3 In the above four experiments, the amount of adsorbed mass per unit
surface was studied as a function of the bulk concentration cp,. The above experimental
data gave the information that, independent of the architecture of the polymer, the ad-
sorbed mass as a function of ¢, is given by a dependence of the form [lx / (1- [k).

The aim of this Note is to show that the average number of contacts between the
monomer units and the surface bring about the above dependence as a function of ¢, So,
before, handling the theoretical background of the above proposition, it is necessary to men-
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tion that for a linear polystyrene of molecular weight 134[0 3, interacting with a chrome
plate, 10 the function Ciey,/(1-[y,) describes sufficiently well the adsorbed mass as a function
of concentration when the parameters [Jand Care about equal to (89938/273)[110-% m and
(-19300/273) m3 kg1, respectively. Indeed, for the same mass of polystyrene of molecular
weight 13400103 dissolved in different volumes of solvent so as to give the concentrations
which appear in Table I and assuming that [J=(89938/273)(110-¢ m and (0= (-19300/273)
m3 kg1, then the function Cey/(1-Cky,) renders the values which appear in column 3 of Ta-
ble 1. The corresponding experimental values!9 appear in column 2, which can be com-
pared with the theoretical values of column 3. For linear polystyrene of molecular weight
24200 4, the parameters [and (are about equal to (71258/293)(110-° m and (-15800/293)
m3 kg, respectively. The theoretical values appear in column 3 of Table II, while the cor-
responding experimental values!? appear in column 2 of Table II. In Tables I and I1, 4 is the
adsorbed mass per unit of surface.

TABLE I. Adsorption data for polystyrene of mo- TABLE II. Adsorption data for polystyrene of
lecular weight 134 [10°. The corresponding ex- molecular weight 2420010%. The corresponding
perimental values'® appear in column 2 experimental values'’ appear in column 2

cp/(kg/m3)  A(expt.)/(Cg/m?) A(theoret)/(Tg/m2)  cp/(kg/m3)  A(expt.)(Ce/m?) A(theoret)/(Ce/m?)

0.01 1.93 1.93 0.01 1.58 1.58
0.03 2.13 3.17 0.05 2.63 3.29
0.1 4.08 4.08 0.1 2.95 3.80
0.3 4.59 4.45 0.2 3.96 4.13
0.5 4.70 4.53 0.4 4.31 431

1 4.63 4.60 1 4.49 4.43

3 4.66 4.64 3 4.51 4.48

Now, one has to consider how the above dependence of the adsorbed mass on the
concentration c, was obtained. In a previous study,! it was found that the partition func-
tion of a linear chain interacting with a penetrable surface via the pseudopotential of a
delta function is given by the dependence

Zz= S (L-2 (N [3/6)05 2005 - U1 + U1 exp 2Lerfe(U) D (1)

The index [Jof the function Z; denotes that the polymer is linear. Also, in the case
of cyclic chain interacting with a penetrable surface, it was found that the partition func-
tion is given by the dependence’

Zpe =S (312ONTH0S (L — O(IN/6)05 O — exp [L2CRrfe(U)) 2)

On the other hand, for a reflecting impenetrable surface, it was found that the par-
tition function of a cyclic chain is given by the dependence>-’

Zie = S (3/20N3)05 (L — MIN/6)0-5 0.5 — exp CL2Cerfe(U)D) 3)

where U=u (6N)%-3/2 is a reduced dimensionless interaction parameter. The area of
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the available surface is given by S and V"= SLL is the volume of the system. In the
case where the surface (plane Z = 0) is penetrable, the solution extends /2 to the
right of the surface and L/2 to the left of the surface. Also, NUs the total length of the
chains and [is the effective Kuhn length. The partitions functions Z Z,,c and Zic, as
functions of L, are functions of the form al — b. Also, the partition functions of star
polymers and of marguerite polymers have the same form.!4 In other words, the
partition functions, as functions of L, are independent of the architecture of the
polymer. The architecture of the polymer, as well as all the other parameters of the
problem are included in parameters a and b.

The average number of the monomer units touching the surface is given by
=—Uit(InZ) 4

Thus, if Z is given by one of the Eq. (1), Eq. (2) or Eq. (3), then the total average
number of contacts between the polymer and the surface is given, correspondingly, by
the following functions

0= (NOL) W2 2005 Ul + (2 -U2) explU20
erfc(U) (1 — (2/L) (N[3/6)0-5 RO05 — U-1 + U1 exp20erfe(U) O (5)

Che = (WOL) - [P U exp (20erfe(U) (1 — (HL) (ON/6)0-
0 — exp (20erfe(U) O (6)

and

O = (WOL) M- [P-5 U exp 20erfe(U) (1 — (HL) (CV/6)0-5
0.5 — exp 20erfe(U) O (7

From a study of the functions q] U and U, the following can be noticed: firstly,
the functions q] )¢ and [¢ are analogous to the corresponding density profiles when Z
=0, see Refs. 1, 3 and 7; secondly, the functions qj [ and [ have the same depend-
ence on the variable Z; thirdly, [;; U,c and [¢ present the same dependence on variable
N. Also, in the above functions, the terms N /L and [NO-/L can be written as I S/ and
[NS/VNO-5, respectively. The ratio N/V expresses the concentration of the monomer
units of one chain in the solution, and it will be symbolized by cp,. Then, from the above
transformations, the function I:htakes the form

0= Chen/(1 —Cpen) ®

also the asymptotic value of []is fDEP]]D The parameters fDDand DDare given by the
following types of dependencies:

0= 08 W2 - 2095 U + (2 - U2) explU20erfe(U)0 )
O=2 (% (6N)0-5) 2305 — U1 + U1 expl20erfe(U)0 (10)

The asymptotic value of [] depends on the interaction energy between the mono-
mer units and the surface, as well as on the degree of polymerization of the chain, while
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it is independent of the monomer length and of the area of the surface with which the
polymer interacts. Obviously, the functions [}, and U of a cyclic chain have the same
dependence on the concentration ¢y, as the function [}and consequently these behave as
[} Also, the average number of contacts [y of a A-B diblock copolymer which inter-
acts with a penetrable (or impenetrable) surface, has the same dependence on the con-
centration cp. For an A—B diblock copolymer which interacts with a plane penetrable
surface, the parameters [Jand [are given by the following types of dependencies:

Oa=80.5U, 2+ 0.5Up 2 — 2(U,2 + Up?) (K05 UUp(Uy + Up)) L +
2(Uy = Up) (05 Uy (Uy + Up)) ! T(UR/20-3) + 2(Up — Uy) ([ Uy (Uy + Up)) ™!
T(Ua/205) + (1 = 2(Uy + Up)2) T(Ua/20-5) T(Up/20-5) + (0.5 Uy 2 — (Up + Up) 2

— Uyp (Ua + Up) ™) T2 (Up/299) + (0.5U372 — (Ua + Up) 2 = Uy (Ug + Up) ™))
T2 (Uy/20-5) = 2(0.5Uy 2 — (Upy + Up) 2 — Uy (Uy + Up) ™)) T(Up) — 2 (0.5U;2 -
(Ua+ Up) 2 = Up (Up + Up) 1) T (Up) O (1D

Oa-g =2 (L5/(6N)*-%) O (Ua, Up) (12)

[ Uy, Up) is a symmetrical function of the variables U, and Uy, which was cal-
culated in a previous work.8 Also T(U,) = exp[lU,20erfc(U,). The Egs. (11) and (12)
are valid for A-B diblock copolymer where the blocks A and B have the same degree of
polymerization, No = Ng = N/2. Also, U, and U}, are the interaction energies of the
monomer units of the A and B blocks with a plane surface, respectively.

The fact that the adsorbed mass of a polymer is described by a function of the form
Ue/(1 — L) irrespective of whether the polymer is linear or cyclic, an A—B diblock copol-
ymer, or a star or marguerite polymer, leads to the conclusion that Uley/(1 — Le), is a univer-
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Fig. 1: [y(1a) and Che (lb) as functions of concentratlon cp for N= 4010* (curve a), for N =301 o*
(curve b), for N= 2010* (curve ¢) and for N = 4010° (curve d) when U =— 5.5 (attractions). The

1
parameter L§ = 10" “ m”. The concentration cp is expressed in monomer units of one chain per m”.
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sal function, since its general form is independent of the architecture of the polymer. The ar-
chitecture of the polymer, the degree of polymerization, the interaction energy between the
monomer units and the surface, the area of the surface and the monomer length are embod-
ied in the parameters [1and [1 Also, another interesting factor, on which the adsorbed mass
depends, is the polydispersity of the polymeric samplg. The problem of polydispersity, in

the present theory, is confronted via sums of the form [] #;icp/(1 — Ucp;), where n; is the
il

multitude of the chains with degree of polymerization N;, and k is the number of chains with

different degrees of polymerization. Obviously, in the case of z chains of the same degree of

polymerization, which do not interact with each other, the number of contacts as a function

of concentration keeps its form.

InFig. 1aand 1b, the average numbers of contacts [ jand [j,c are shown as a func-
tion of concentration ¢y, for four values of N, when the reduced energy U=-5.5 (attrac-
tions). Remember that the reduced energy U is defined as U = u(6N)%-5/2. In both Fig-
ures, the number of contacts as a function of ¢}, increases asymptotically in agreement
with the experimental result.10 Also, it can be observed that the asymptotic values be-
come larger as N increases.

InFig. 2, the asymptotic values of the functions [ }and [}, are shown as a function
of the degree of polymerization N for two values of the energy parameter u (small U).
For a given value of u, the asymptotic values of the functions [};and [}, are increasing
functions of . Also, for given values of N and u, the asymptotic values of the function
[ (cyclic chain) are bigger than the asymptotic values of [Hlinear chain) which is in
accordance with previous results.!- In addition, for a given value of N, the asymptotic
values are larger as u becomes more negative (for larger attractions).
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Fig. 2. The asymptotic values of [}5(continuous line) and [c (broken line) as functions of N for u =
—0.04 and u =— 0.08. The parameter [$ = 10 2m3.
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Fig. 3: [a-B as function of concentration ¢y, for various values of reduced energy Up when U, = —
5.5and N =4010% The parameter [§ = 102 m®. The concentration cp is expressed in monomer
units of one chain per m’.

In Fig. 3, the average number of contacts [j_p of an A—B diblock copolymer,
which interacts with a penetrable surface, is shown as a function of concentration c, for
a given value of N and for various values of energy Uy, when the energy U, =-5.5 (at-
tractions). For the same concentration, [y_p increases as the attractions between the
monomers units of the B block and the surface become larger. Also, it can be observed
that, as the attractions become larger, the plateau region starts at lower concentrations.

n 3 B O [
O MACU AICOPBOBAHUX ITOJIMMEPA HA ITOBPIIMHAMA

GEORGIOS K. STRATOURAS

Kalypsous 15, Akropolis, Nicosia, Cyprus-2014

ITokazaHo je fa je KOj MieaJHUX MOJMMEpa, KOjU pearyjy ca HOBPUIMHOM IPEKO
Nceyao-MOTeHIKjalia AeaTa (PYHKIHje, 3aBUCHOCT Opoja KOHTaKaTa MOHOMEPHUX jeNHNALIA 1
NOBpIINHE Y (pyHIHjI KoHIeHTpammje o6muka Uep/(1— Ckp). ApXATEKTYypa HoIuMepa, CTeleH
nonuMepu3anmje, eHepruja MHTepakyje MOHOMEPHUX jeIUHNALA U HOBPILIUHE, 1y>KWUHA MOHO-
Mepa 1 lheropa nospiuHa o6yxsahenu cy napamerpuma Ju [1 HaBeneHa 3aBucHOCT ajcop-
6GoBaHe Mace IoJauMepa Off KOHIEHTpalyje NOoTBpheHa je eKCrepuMEeHTAIHUM pe3yITaTuMa
Takahashi-ja u capajiHuka. 3a TUHEapHU MOJTUCTUPEH MOJIapHE Mace 1340010° KOjH OCTBapyje
MHTEpaKIHjy ca XpoMHOM 11odoM [0 = (89938/273) (10 m, a O= (-19300/273) m® kg .

(ITpumibeno 8. enem6pa 2000, peBugupaso 6. mapra 2001)
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