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Polyelectrolyte—particle complex formation.
Polyelectrolyte linear charge density
and ionic concentration effects.

Monte Carlo simulations

Abstract The influence of the linear
charge density (LCD) of a polyelec-
trolyte on its adsorption on an op-
positely charged colloidal particle is
investigated by Monte Carlo simu-
lations. Adsorption characteristics
are studied at different linear charge
densities and ionic concentrations
and for a given polyelectrolyte/par-
ticle size ratio so that particle cur-
vature has full effect. The isolated
polyelectrolyte goes through a
smooth transition from a collapsed
structure to an extended rod-like
conformation with increasing the
linear charge density in the low ionic
concentration regime. In the high
ionic concentration regime, the
polyelectrolyte is less sensitive to the
increase in the linear charge density
and adopts a coil conformation. We
found that complex formation is
promoted by decreasing the ionic
concentration and increasing the
linear charge density and that large
changes in the polymer dimensions
are observed at the adsorption—
desorption limit. By adjusting the

linear charge density and ionic
strength, we demonstrate that the
adsorption—desorption limit corre-
sponds to a sharp transition from
non-adsorbed to adsorbed confor-
mations and that the mean adsorp-
tion energy per monomer has to be
less than —0.4 kT to achieve ad-
sorption. We calculated that the
linear charge density at the adsorp-
tion—desorption limit is related to
the Debye-Hiickel length according
to LCD™ ~k?. At small values of
the linear charge density and low
ionic strength (no adsorption is ob-
served at high ionic strength), a
large amount of monomers are pre-
sent in loops and tails. By increasing
LCD, the amount of monomers in
trains reaches a maximum value and
the polyelectrolyte adopt flat con-
formation at the surface of the par-
ticle.

Keywords Polyelectrolyte—particle
complex - Polyelectrolyte linear
charge density - Monte Carlo
simulation

Introduction

Destabilization/stabilization of colloidal solutions by the
use of oppositely charged polymer chains has recently
attracted the interest of many research groups over the
world because of their importance in many systems such
as waste water treatment [1], trace metals circulation in
the environment [2] or complexation of DNA by specific

proteins [3]. An important task in understanding col-
loidal mixtures is to account for the main and pertinent
interactions resulting from the different chemical entities
present in solution. For example, environmental systems
include a variety of biopolymers and polysaccharides
produced by microorganisms, phytoplankton or water
flora as well as mineral particles such as clays, silicates,
iron and manganese oxides [4]. Such a diversity of
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compounds, solution chemistry (pH, ionic strength),
aggregate formation, and sedimentation results in a va-
riety of processes and interactions such as electrostatic
interactions, van der Waals forces, hydrogen bonding,
which can be investigated separately at different levels.

As biological and natural systems generate an ex-
tensive range of phenomena involving the presence of
charged macromolecules (polyelectrolytes), the driving
forces controlling the behaviour of systems containing
polymers and colloids are mainly of electrostatic origin.
In addition the electrical colloid/solution interface
(charge density, presence of a double layer, etc.) as well
as chemical diversity of polymers makes possible a va-
riety of different charge distributions. In particular,
charges on polyelectrolytes can be of different origin.
The presence of side groups such as —-COOH or -OH can
lead to the dissociation and emergence of the corre-
sponding point charges. The adsorption of ionic species
from the solution makes possible the appearance of
electrostatic charges on neutral polymers. Physical
properties of complex biological systems such as DNA
are strongly dependent on electrostatic phenomena be-
tween that polyelectrolyte and the surrounding charged
species [5, 6, 7, 8]. It was recently suggested [9], that
proteins and DNA interact as a positively charged
sheath surrounding a negatively charged core of corre-
sponding linear charge density respectively. Charge
density distribution is then a key parameter for the un-
derstanding of interactions in biological and natural
systems.

Although a large number of papers deal with the
influence of the surface charge density of colloids on the
adsorption process [10, 11, 12, 13], only a limited num-
ber of studies were published on the effect of the linear
charge density of the polymers. Recently the influence of
polyelectrolyte linear charge density on complexation
processes of ferrihaemoglobin by different polyelectro-
lytes was investigated [14]. HS (Heparan sulfates)—pro-
tein interactions are known to be mainly electrostatic.
HS have been shown to actively participate in vital bi-
ological processes from early development to adult life
in multicellular organisms. Adar et al. [15] calculated the
charge density of Heparan sulfates motifs as the ratio of
charged to non-charged residues close to 1 and con-
cluded that the important factor is not only the charge
density but rather charge distribution that allow specific
interactions for the fine tuning of highly regulated re-
ceptor activities.

A significant linear dependence between charge den-
sity (sulphate-to-carboxyl ratio) and enzymatic activity
of Heparins as a human leukocyte elastase activity in-
hibitors was investigated by Volpi [16]. Rouzina et al.
[17] described a force induced melting of the DNA
double helix and concluded that the measured depen-
dence of DNA overstretching force on solution ionic
strength was mainly due to the differences between linear

charge densities of cross-linked and non-cross-linked
DNA. The influence of the charge density of polyelec-
trolyte on adsorption processes on spherical and cylin-
drical surfaces was also investigated by Von Goeler and
Muthukumar [18] suggesting that the density profile of
adsorbed polyelectrolytes is linked to their linear charge
density.

The importance of modelisation in chemistry has
been rapidly growing in the last years; at the same time
computer simulation has become well established as a
powerful research tool for directly relating the physico-
chemical properties of a chemical entity to its atomic
structure. Today the amazing evolution of the speed of
computer processors allows investigations of more and
more complex and large systems. Monte Carlo simula-
tions on polyelectrolyte adsorption on planar or spher-
ical surfaces have been performed by several groups. The
critical conditions necessary for adsorption of uniformly
charged polyelectrolyte on planar or spherical surface as
well as kinetics of adsorption and the role of charge
sequences in amphoteric polyelectrolytes were investi-
gated by Muthukumar [19]. Chain flexibility, linear
charge density and micelle radius were considered by
Linse et al. [20, 21] to investigate the behaviour of a
polyelectrolyte—micelle complex. Sintes [22] studied the
adsorption characteristics at different temperatures for
chains of various stiffness using semiflexible polymer
chain adsorbed on a flat, homogenous surface.

In previous work [23] we performed off-lattice Monte
Carlo simulations of strong hydrophobic polyelectro-
lytes in the Debye-Hiickel approximation. The simula-
tion showed a cascade of complex configurational
transitions with different ionic salt concentration. We
showed that such a transition could be generated by
small colloidal particles [24], which are irreversibly ad-
sorbed on the polymer chain. Recently we described in
detail the complex formation between a charged colloi-
dal particle and an oppositely charged polyelectrolyte.
The formation of a polyelectrolyte—particle complex was
investigated with special attention focused on the effect
of the particle size [25], chain length, ionic concentration
and chain intrinsic stiffness on the adsorption/desorp-
tion limit, the interfacial structure and the overcharging
issue [26].

The main purpose of this article is to make clear how
the linear charge density (LCD) of a polyelectrolyte
chain influences the formation of a complex between a
chain and an oppositely charged particle, to calculate
adsorption/desorption limits and investigate the poly-
electrolyte conformations at the particle surface. Since
screening effects of added salt are known to play a major
role in controlling the conformation and polyelectrolyte/
particle interaction, we also focused on the influence of
the ionic strength. We also investigated the transition
state between the non or partially adsorbed and totally
adsorbed polymer. The sharpness of this transition is
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discussed versus the linear charge density and ionic
strength.

Model

The basic features of the model are similar to those of ref. [26]. The
important difference in this study is the inclusion of uncharged
monomers along the chain backbone. The polymer chain is rep-
resented by an off-lattice three-dimensional pearl-necklace model.
The chain contains N freely jointed beads of diameter ¢, whose
length is equal to the Bjerrum length /5=7.14 A. The colloid and
the polymer are confined in a spherical and reflecting box with a
diameter equal to twice the totally extended polymer length. The
excluded volume interaction is assured by the impenetrable
character of both the particle and chain monomers. Monomer-
monomer interactions within the polyelectrolyte are described by a
long-range repulsive electrostatic potential. All charged monomers
interact via a screened Debye-Hiickel potential defined as:

z[z,-e2

Ua(ry) = exp(—xry) (1)

47T£1<Sorjj
where z;, z; represent the charge of i-th, j-th monomer and r; the
distance between them. The interaction between the charged
monomers and the colloidal particle is described by a Verwey-
Overbeek potential [27], which takes into account the exclusion of
ions inside the particle:
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where o}, represents the particle diameter.
The influence of the ionic strength C; is described through the
Debye screening length K:

1> = 1000e NAZ

SQSIkBT (3)

The present study was carried out on polyelectrolytes with a
fixed number of monomers (N =100), introducing a variable linear
charge density (also referred to as LCD) from 0.01 to 1 (all
monomers ionized) and considering different ionic strengths from 0
to 1 M. According to the results of previous calculations [25], the
colloid/monomer radius ratio ¢./o,, was fixed at 10 so that the
curvature of the colloid has its full effect on polymer adsorption.
The colloid has a central point charge, Q, which corresponds to a
surface charge density of + 100 [mC/m?], which is a typical value
for colloids found in natural systems. According to the Debye-
Hiickel approximation the solvent was treated as a dielectric con-
tinuum with a relative dielectric constant corresponding to water at
room temperature (¢228% = 78.5). For the purpose of this study an
algorithm allowing a regular distribution of the charge along the
polyelectrolyte was considered. Charges on the polyelectrolyte
beads were assigned in order to maintain the longest possible dis-
tance between them along the chain backbone.

The Metropolis Monte Carlo method was used to sample the
configurational space of the polyelectrolyte and polyelectrolyte/
particle complex. Reptation and internal movements such as the
pivot, kink-jump and crankshaft were used to produce efficient and
ergodic sampling. To characterize the conformational propertles of
polyelectrolyte, the mean-square radius of gyratlon <R > and
the mean-square end-to-end distance < R..>> were calculdted In
addition to these macroscopic parameters (Rg and L. give only
information on the polymer dimensions without describing any
particular configurational features), the number of monomers in
trains, loops and tails was also calculated to achieve a quantitative
picture of adsorbed chains. To determine the position of the

monomers along the coordinate radial to the surface, spherical
layers around the surface were defined. The thickness of each layer
was set to one monomer radius except for the first one, which was
set to two monomer radii to avoid volume exclusion near the
surface.

Results and discussion
Isolated polyelectrolyte chains

The electrostatic interactions between charged mono-
mers are well known as a driving force in the process of
stretching/collapse of isolated polyelectrolytes. In this
context it is interesting to know how the conformation
of the isolated chains is related to the linear charge
density. Hence we first calculated the conformational
changes of the chains (N=100) with variable LCD at
different ionic concentrations C;. In the second part of
this work these equilibrated free chains will be used as
starting conformations for the polyelectrolyte/particle
complex.

The influence of the LCD on the polymer mean-
square radius of gyration is presented in Fig. 1 a. As
expected, an increase of <Rg2> is observed with in-
creasing the linear charge density. This increase of the
<Rg2 > value with LCD is quasi linear. < Rg2> vari-
ations with LCD are less pronounced in the high salt
limit because of the screening of the repulsive monomer-
monomer interactions. The same trend is observed for
the end-to-end distance < L.>>, which is plotted
against LCD in Fig. 1b at different C; values.

We compared our results with those obtained by
Hooper et al. [28] with on-lattice simulation of hydro-
phobic electrolytes. By renormalising our < Rg2 > values
and introducing the normalized radius of gyration
< Rg2 > orms We found < Rg2 > orm Values slightly
higher at high LCD, in accordance with chain finite size
effects [26] (V=40 for Hooper and N=100 in our sim-
ulations). In contrast, our normalized end-to-end dis-
tance < Lee”> norm Values were found smaller at high
LCD values. In order to eliminate size effects we per-
formed simulations at N =40 with the same conditions
used by Hooper and co-workers. In both cases our
values of <L.>> ,orm and <Rgz>m,rm were signifi-
cantly smaller at high LCD. This effect was attributed to
the lattice influence in the Hooper’s model which could
significantly restrict some internal motion in the poly-
electrolyte and thus influence the radius of gyration and
end-to-end distances. Nevertheless, the general beha-
viour of the radius of gyration an end-to-end distance
versus linear charge density of the chain was found to be
in accordance with our results.

We also calculated the expansion factor (r= < Le.> >/
<Rg2>) which gives quantitative information on the
conformational changes and expansion degree of poly-
electrolytes (Fig. 2). For the very small values of the



792

25000 -] ' /i N
—a—0M n
——0.01M /
20000 | _a 1M - 1
—v—03M
—6—1.0M / (a)
A 15000-] 4
P / .
o
5000 - A A—A
eEaaIesT <
0 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
LCD
300000 — g
250000 | .
1 —=—0M ]
] ——001M
200000 —A—0.1M -
A, —v—03M ] (b)

« @ ] ——1.0M 1
1 150000 8
\ ] u ]

100000 / e —® -
] /.,/
-
/ | S

50000 - e A

- —e4 4 3

0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

LCD

Fig. 1. a Mean square radius of gyrdtlon <R >, and b mean
square end-to-end distance <L.’> as a functlon of the linear
charge density (LCD) for isolated chains

LCD (quasi neutral chain domain), the value of the
expansion factor r is close to 6.5 for all ionic concen-
trations C; (this value was calculated to be 6.3 for flex-
ible chains by Stevens and Kremer, 1995) while for the
chains on which all monomers are charged r asymptot-
ically reaches 10.5 in the low salt concentration regime.
This latter value is a little smaller than the predicted
r=12 for the rod like conformations due to the chain
thermal fluctuations which locally affect the monomer
distribution. That means that even for 100% charged
polyelectrolyte the rod like structure is never achieved
when 7=298 K.

To achieve a visual picture of the polyelectrolyte
conformations, snapshots of equilibrated configurations
of polymers versus C; and LCD are presented in Table 1.
Accordingly to the trends observed for <Rg2> and
< L..>> in the low salt regime (0-0.01 M), a monotonic
transition from a coiled polymer at small LCD to the
very extended structures at the high LCD is observed.
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Fig. 2. Expansion factor r= <Leez>/<Rg2> versus the linear
charge density (LCD) at different ionic concentration for the
isolated chain

As the effect of salt screening becomes more significant
at higher ionic strengths, the polymer configuration is
not sensitive to the increase of LCD. As a result, the
polyelectrolyte adopts in all cases Self Avoiding Walk
(SAW) configurations when C;>0.3 M.

Adsorbed polymers

It is well known that the presence of an attractive col-
loidal particle in the vicinity of a polyelectrolyte is ex-
pected to modify its conformation. The influence of the
LCD on the polyelectrolyte conformation is checked
with the colloidal particle. In Figs. 3a and b the mean-
square radius of gyration and mean-square end-to-end
distance are plotted versus the LCD.

The analysis of Fig. 3a shows two different regimes,
corresponding to non-adsorbed (A) and adsorbed (B)
polyelectrolytes respectively. In regime A, one observes
high < R > values (> 3x10° [Az]) which are identical to
those obtdmed for isolated chains in similar conditions.
In regime B these values are rapidly decreasing (~2><103
[A2]) immediately after polyelectrolyte adsorption. It is
worth noting that for small ionic strengths (0-0.01 M)
the polymer is always adsorbed on the surface of the
colloid. This explains the low values of the <Rg2>
which decrease smoothly with the LCD. When C; is in
the range 0.1-0.3 M, the curves show first an increase in
the <R,>> value which are the same as for the free
chains (regime A4) then a sharp transition is observed to
the lower values of < Rg2 > (regime B) corresponding to
adsorbed conformations. Finally, when C;=1.0 M the
curve exhibits the same increase in the <R, 2> value as
for the free chains. Since there is no adsorémon at this
ionic strength no transition in the <R,”> value is
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Table 1. Monte Carlo (MC) equilibrated conformations of iso-
lated charged polymers as a function of the ionic concentration C,
and polyelectrolyte Linear Charge Density (LCD). Bright mono-
mers represent charged monomers. By decreasing C; and increasing
the LCD, long range electrostatic interactions promote the for-
mation of elongated structures. Note that because of the lack of
available space different scales have been used to represent the
chains (the contour length is constant and equal to N=100
monomers)
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observed. Similar trends are also observed for the
< L..>> values. It is also interesting to explore the ex-
pansion factor r for the polyelectrolyte/particle system
(Fig. 3b). For the non-adsorbed chains the r values are
identical to the free chain values and close to 6.5. When
adsorption occurs with higher linear charge density the
value of r decreases immediately. For adsorbed poly-
mers the r values are comprised between 1 and 3.

A qualitative picture of the polyelectrolyte/particle
complexes has also been achieved by representing
equilibrated structures as a function of C; and the LCD
(Table 2). It is clearly demonstrated that the absorp-
tion/desorption limit is moved from the higher to the
lower ionic strengths with decreasing LCD. Hence,
when the linear charge density is small, adsorption is
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Fig. 3a, b. a Mean square radius of gyration < Rg2> ,and b
expansion factor r=<L.>>/< Rg2 > versus the linear charge
density (LCD) at different ionic concentration for the polyelectro-
lyte in presence of the oppositely charged particle. Non-adsorbed
(A) and adsorbed (B) regimes are delimitated by dashed lines

promoted by increasing the attractive interactions be-
tween monomers and particle. For example when
C;=1.0 M the polymer is never adsorbed on the colloid
whereas when C;=0.1 M adsorption occurs only when
LCD>0.3.

Conformation of the adsorbed polyelectrolytes

The conformation of adsorbed polymers are usually
described in terms of trains, loops and tails. In Figs. 4a,
b and c we present the average number of monomers in
trains, loops and tails as a function of C; and LCD for
the colloid/polyelectrolyte complex.

Trains

The adsorption mechanism of the polyelectrolyte at
the colloid surface can be derived by analysing curves
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Table 2. MC equilibrated conformations of polyelectrolyte/parti-
cle complexes versus C; and LCD. The LCD is clearly controlling
the adsorption/desorption limit and polymer conformation at the
particle surface. When screening is important, no adsorption is
observed
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in Fig. 4a. In absence of trains, according to our
definition of polymer adsorption, the polyelectrolyte is
never adsorbed. This is observed when C;=1.0 M. In
the others situations, after a critical value of the LCD,
one can observe a monotonic growth of monomers in
trains with the increasing LCD. At a given LCD, with
decreasing ionic strength the number of trains is
growing, which means that polyelectrolyte chains
adopt flat conformations at the interface. At this point
it is worthwhile remembering that the number of
monomers in trains reflects the adsorbed amount of
polyelectrolyte, T
N*

r== 4)
where N* represents the number of adsorbed mono-
mers lying in the first layer.
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Fig. 4a—c. a Number of monomers in trains, b loops, and c tails as
a function of the linear charge density (LCD) at different ionic
concentration for the polyelectrolyte/particle complex

Loops

According to Fig. 4b, globally the number of mono-
mers in loops decreases with increasing LCD and with
decreasing C;. Here one can also observe a sharp
transition between the non adsorbed and adsorbed re-
gime. A maximum value is reached just after adsorp-
tion, then a smooth decrease with increasing LCD is
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observed. The monomers in loops are then transferred
into trains.

Tails

When C;=0 and 0.01 M, the number of monomer in
tails monotonically decreases with the increase of LCD.
In the other cases, a maximum value is obtained at the
adsorption/desorption limit.

As the polymer is only weakly adsorbed at the small
values of LCD and low ionic strength, an important
balance is observed in favour of loops and tails instead
of configurations where the monomers are in trains. As
the three parameters are correlated, the proportional
changes can be easily observed; with increasing LCD the
amount of monomers in trains is increasing whereas the
amount of monomers in tails and loops is decreasing. At
higher values of LCD the number of monomers in trains
reaches a maximum and finally decreases slowly with
increasing further the values of LCD.

Energy of adsorption

In order to determine an optimal criterion to obtain a
realistic adsorption/desorption limit, one must carefully
check the energy variation of the polyelectrolyte/particle
system during the adsorption process. In the Monte
Carlo Metropolis algorithm, the adsorbed configuration
is accepted from an energetical criterion when (i) the AE
resulting from the MC step is negative, (i) the Me-
tropolis selection criterion p given by:

—AE

p—eXP<kBT) (5)
is greater than a randomly generated number comprised
between 0 and 1. In our simulation the configuration is
considered as “adsorbed” when at least one monomer is
positioned in the delimited volume near the surface (first
layer). According to the Metropolis algorithm the en-
ergy fluctuations of the system can give rise to a se-
quence of conformations in which one ‘“adsorbed
configuration is followed by a ‘“‘non-adsorbed” one,
where the chain may diffuse further away and leave the
particle surface. This adsorption/desorption process is
expected to be more or less pronounced depending on C;
and the LCD during the simulation time. In order to
determine when the simulation succeeded in the “aver-
age adsorbed” or “average desorbed” situation, we in-
troduced a contact probability parameter, P., which is
equal to the total amount of adsorbed configurations
over all configurations obtained during a simulation run.
At this point the polyelectrolyte is arbitrarily considered
as being “adsorbed” when P.=0.5.

To check the validity of this arbitrary choice from an
energetical point of view we estimated the mean average
adsorption energy per monomer as a function of LCD.
We considered the average value E,, which takes into
account the energy of adsorbed configurations EA% only

K
>
=1

Ex = NK (6)
where K represents the number of MC steps corre-
sponding to adsorbed configurations, EAY the adsorp-
tion energy (here the monomer—colloid electrostatic
interaction) of the corresponding complex and N the
number of monomers. This value corresponds to an
overall mean adsorption energy per monomer of simu-
lated conformations where at least one monomer is ad-
sorbed at the colloidal surface. As shown in Fig. 5, the
mean adsorption energy (given in kT units) per mono-
mer becomes more and more important by decreasing
the ionic strength. Because of the electrostatic monomer-
monomer repulsions and important electrostatic persis-
tence length of the polyelectrolyte at low C; value, the
attractive energy between the particle and the monomers
has to be large enough to overcome the chain confine-
ment energy.

When C;<0.3 M, for a given C; value the adsorption
energy slowly increases with increasing LCD. The dif-
ference between a weakly and fully ionised chain is ap-
proximately equal to 1 kT and related to the chain
conformation at the interface.

By comparing Fig. 5 values with the adsorbed con-
formations (i.e. P.>0.5), we found that adsorption oc-
curs when the mean energy per monomer is more
negative than —0.4 kKT (hatched zone in Fig. 5). This
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Fig. 5. Mean adsorption energy per monomer for the polyelectro-
lyte/particle complex as a function of C; and LCD. The points
situated within the hatched zone correspond to non-adsorbed
conformations
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value which is in agreement with theoretical and exper-
imental data [29] is slightly smaller than those found in
our previous studies where the adsorption/desorption
limit energy was estimated to be close to —1 kT. The
difference is mainly due to the calculation method. In
our previous work the energy by monomer was esti-
mated by placing one monomer on the particle at ade-
quate C; and calculating the resulting interaction. In this
study the overall energy of a given conformation is
calculated and then divided by the number of monomers
in the chain. Hence, the resulting adsorption energy is
slightly smaller since not all the monomers are exactly
positioned on the colloidal surface.

Adsorption—desorption limit

As explained above, polyelectrolyte chains were con-
sidered as adsorbed when P.=0.5. We estimated the
critical values of adsorption at different salt concentra-
tions by adjusting the linear charge density. The exam-
ination of the P. values versus LCD (Fig. 6) shows a
sharp transition which seems to be more gradual by
increasing the ionic strength. As small changes in the
LCD values generate very important changes in the
absorption ratio, we calculated the critical linear charge
density LCD®™ at which adsorption-desorption is ob-
served. We plotted the critical LCD adsorption value
versus C; in Fig. 7 and observed a linear dependence
with a slope equal to 2.5. The curve delimitates the
frontier between the desorption and the adsorption do-
mains. The critical Linear Charge Density LCD“"" de-
pendence versus x is shown in the inset of Fig. 7a. The

LCD*" is related to x according to:
LCD ! ~ i (7)

where y=2 was estimated by plotting log(LCD) vs.
log(x).
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density (LCD) between the polyelectrolyte and the particle
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Fig. 7. Critical value of the linear charge density LCD™" as a
function of C;. In the inset LCD®™" is plotted against k. Adsorption
and desorption domains are delimitated by the corresponding
curves

Outlook and conclusion

In this paper we have presented a preliminary study of
the influence of the polyelectrolyte linear charge density
on the behaviour of isolated flexible polyelectrolytes and
their adsorption on colloidal particles. Monte Carlo
simulations were used to isolate some molecular factors
that control polyelectrolyte conformations in solution,
at the interface, and the adsorption-desorption limit. We
believe that Monte Carlo simulations constitute a useful
approach to address the optimisation of colloid—poly-
mer mixtures.

Polyelectrolyte adsorption is promoted by increasing
the attractive energy between the charged monomers
and the oppositely charged particle. This is achieved by
(1) increasing the linear charge density of the polyelec-
trolyte, or/and (ii) decreasing the ionic concentration to
promote electrostatic attractive effects. Calculating the
adsorption-desorption limit, we found the critical linear
charge density LCD™" scales as LCD'~x? By fo-
cusing on the variations of the polyelectrolyte dimen-
sions and probability of contact, we found a sharp
transition at the adsorption—desorption limit, which
appears to be more gradual by increasing the ionic
strength. Adsorption occurred when the mean attrac-
tive energy par monomer is more negative than
—0.4 kT. By analysing the monomer fraction in loops,
tails and trains, we demonstrated that at small values
of the linear charge density and low ionic strength a
large amount of monomers are present in loops and
tails. By increasing the linear charge density, the
amount of monomers in trains reaches a maximum
value and polyelectrolytes adopt flat conformations at
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the particle surface. A first approach involving one
charged polyelectrolyte with a variable linear charge
density has been investigated at a given particle/
monomer size ratio, but it can be extended to more
precise modelling by including explicit counterions,
hydrophobic interactions and to concentrated systems
involving several chains and particles. We are currently

extending our investigations to examine the effect of
chain length and particle charge on the formation of
polyelectrolyte—particle complexes.
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