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Dissolution of a polyelectrolyte-macroion complex by addition of salt
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The dissolution of complexes formed by a linear polyelectrolyte and oppositely charged macroions by
addition of salt has been examined by employing a simple model with focus on the electrostatic interactions
and solved by Monte Carlo simulations. In the absence of salt an overcharged complex appears. Upon addition
of salt, the number of complexed macroions is continuously decreasing, the effect being similar for flexible and
stiff polyelectrolytes. Regarding the flexible polyelectrolyte, the number of polyelectrolyte-macroion contacts
is reduced, whereas it remains nearly constant for the stiff polyelectrolyte as the salt content is increased. A
screened Coulomb potential of the Debyeekiel type, in which the small ions are only indirectly described,
displays a good representation of the system.
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[. INTRODUCTION instead of algebraically with distance. Thus, when adding
salt to a system, the interaction can be tuned from being long

Polyelectrolytes are polymers bearing ionizable groupsranged to short ranged. Several theories describing the com-
which, in polar solvents, can dissociate into charged polyplexation between polyelectrolytes and macroion have re-
mers and small counterions. The long-ranged character of theently been proposedl2—-15. Netz and Joanny12] have
electrostatic interactions gives polyelectrolytes specific proppresented a theory for the 1:1 complex, i.e., one polyelectro-
erties[1]. In aqueous solutions, polyelectrolytes may interactlyte and one macroion, and Kunze and NEt3] have ap-
strongly with other macroionf2—5|, and in particular they plied that on the DNA-histone complexation, whereas
tend to associate with objects of opposite charge and formiguyen and Shklovskif14] and Schiessel, Bruinsma, and
complexes. Such objects can be another polyelectrolyte, @elbarf15] have considered the complexation between one
colloidal particle, a protein, a micelle, or a vesicle formed bypolyelectrolyte and several macroions. In these approaches,
surfactants. the effects of simple salt were also included.

One common phenomenon in colloidal science is coacer- In our previous contributiongl6,17, we have presented
vation, i.e., an aqueous solution of macromolecules of opporesults from Monte Carlo simulations involving polyelectro-
site charge separates into two immiscible liquid phases. Thites complexing oppositely charged macroions. The effects
denser phase, which is relatively concentrated in the macraf macroion charge, polyelectrolyte charge, length, and stiff-
molecules, is referred to as the coacervate and is in equiliaess at different number of macroions on the complexation
rium with another liquid phase poor in the macromoleculeswere investigated. At a stoichiometric excess of macroions,
[6]. Addition of salt to the phase separated system often leadsie polyelectrolyte-macroion complex became overcharged
to the mixed state again. Such observations were made aby the macroion charges. Flexible polyelectrolytes became
ready in the 1950s, when it was discovered thatovercharged by~50%, whereas stiff polyelectrolytes dis-
polyelectrolyte-surfactant complexes could be redissolved bplayed a larger overcharging;75%.
the addition of salt. This was later exploited in the purifica- In this paper we examine how an overcharged complex
tion of polyelectrolytes, e.g., glucosamionglycans from bio-formed by one polyelectrolyte in a solution of excess mac-
logical tissue$7]. Other groups have reported similar resultsroions dissolves upon addition of simple salt using the so-
(see, e.g., Ref8]), and recently it was found that coacerva- called primitive model, in which the small ions enter explic-
tion could be both suppressed and enhanced by the additidtly. Both flexible and stiff polyelectrolytes are considered.
of salt in surfactant-polyelectrolyte systefi&s-10]. Finally,  As the salt concentration was increased, a smooth transition
a biological example is the association of DNA with oppo-from an overcharged polyelectrolyte-macroion complex, to a
sitely charged octamers of histone proteins to form a nucleoreutral complex, an undercharged complex, and finally a
some bead. At physiological salt concentrations DNA isnoncomplexed polyelectrolyte appeared. Moreover, a simpli-
tightly wrapped around the histone, whereas at much largefied screened Coulomb model, where the effect of the small
salt concentration DNA is released from the comglg&x]. ions enters only indirectly, has been employed. Comparisons

It is thus established that the tendency of forming com-have also been made between predictions of the screened
plexes and the strength of complexes can be modulated b@oulomb model and the primitive model to describe poly-
addition of low molecular salt. When a finite concentrationelectrolyte solution§18—-22 and more complex solutions
of salt is present in the solution, the Coulomb interaction[23].
between the remaining charged species becomes effectively Despite the complexity to solve the primitive model, it is
screened and the effective potential will decay exponentiallystill a simple approach with a focus on the electrostatic in-

teractions. Obviously, at high salt concentration where the
Coulomb forces are screened, some of its assumptions be-
*Email address: marie.skepo@fkem1.lu.se come less realistic. For example, other forces as the disper-
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sion force becomes importaf24,25 and the dielectric ap- u;j(ri;)

proximation as such becomes questionable. Nevertheless, we

believe that the prediction of the primitive model should first *, rj<Ri+R;

be addressed before more advanced approaches are taken. — ZZ;e* exd —«(rjj—(R+R)] 1
The outline of the paper is as follows. The model and Amege, (1L kR)(1FKR) Ipf

some simulation aspects are given in Sec. Il. In Sec. Ill, the oer ! ! 4

results regarding binding functions, complexation functions, (4)

polyelectrolyte extensions, macroion structure, and the two

_ 2 2 1/2 H
models are presented and discussed. The article ends wiff1€re k=[(e“/eoe kT)Z;Zip;]™* denotes the inverse De-
conclusions given in Sec. IV. bye screening length, in which the summaticeextends over

the small ions only wittp; denoting the number density of
small ions of typd,k is the Boltzmann constant, afddis the
Il. METHOD temperature.
In addition to the electrostatic and hard-sphere interac-
tions, the description of the polyelectrolyte includes har-
Agueous solutions containing one polyelectrolyte andmonic bond and angular potentials. The bond potential en-
eight macroions have been examined using two differenergy is given by
models. The models used di¢ the primitive model andii)
a simplified one referred to as the screened Coulomb model. bond 5
In both of them, the polyelectrolyte is described as a chain of Ubong= 21 T(ri,iﬂ_ ro), ®)
charged hard spheresegments connected by harmonic
bonds and with the intrinsic flexibility of the chain regulated where rii+1 denotes the distance between two connected
by harmonic angular potentials. The macroions are modelegegments with the equilibrium separatiog=5 A and the
as large charged hard spheres with a point charge in thrce constankpo,s=0.4 N/m and whereNge, denotes the

center. In the primitive model, all the gmall_ions are a!SOnumber of segments of the po]ye|ectr0|yte_ The angu|ar po-
represented as charged hard spheres with point charges in th&tial energy is represented by

center, while in the screened Coulomb model there are no

A. Model

Nseg~1

explicit small ions; instead the influence of them is preaver- Nseg~1 Kang ,

aged by employing a screened Coulomb potential. In both Uangie™ 22 — (@i~ ag), (6)
models, the solvent enters only through its relative permit- .

tivity. where «; is the angle formed by the vectors,;—r; and

The total potential energy of the system is given by . _ ‘made by three consecutive segments with the equi-
1) librium angle a;=180° and the force constakf,y. In ad-
dition to the angular potential, the electrostatic interaction
among the segments also contributes to the rigidity of the
where the nonbonded energy is assumed pairwise additiyeolyelectrolyte, and this electrostatic contribution is of
according to course affected by other ionic particles present.
We have considered two different chain flexibilities by
using the angular force constantk,,;=0 and 328
Unonbond:E ujj - 2) X 10724 J/ded, respectively. For a single and uncharged
<] chain, these force constants lead to the persistence lengths
l,=7 and 1480 A, respectively, where the persistence

Within the primitive model, the interaction potentiaj, for lengths are evaluated by usifgos(r—a)) and the root-
the pairij, wherei andj denote either a polyelectrolyte seg- Mean-square segment-segment separation extrapolated to an

ment(seg, a macroion M), a cation, or an anion, is given infinite long chain[26]. Hence, one flexible and one very
by stiff polyelectrolyte are considerédf. | ,~400 A for DNA).

The system volumeV=L3 with the box lengthL
=258 A is used throughout. All investigated systems contain

U = Uonbondt Upona™ U angles

®, rj<Ri+R one polyelectrolyte and eight macroions. The polyelectrolyte
ujj(rij) = zizje2 1 , (3)  hasNsg=40 segments, each with one elementary charge,
—— —, Tji=Ri+R, Zseg=1, making the polyelectrolyte chargg,=NgeZseq

Ameoe: I =40. The macroion has a radiusRf; = 15 A and possesses

ten negative elementary charges, which could correspond to
whereZ; is the charge of particlg R, is the radius of particle a micelle formed by a mixture of ionic and nonionic surfac-
i,eis the elementary chargey is the permittivity of vacuum, tants or a water-soluble globular protein. The macroion num-
ande, is the relative permittivity of water. In the screened ber density becomepy,=4.7x10" " A~2 and the corre-
Coulomb model, the summation in E@) extends only over sponding volume fractionpy, = (477/3)R§’,|p,\,| =0.0066. All

chain segments and macroions ang is given by an ex-
tended Debye-Hekel potential,

the simulations were performed &t298 K ande,=78.4.
Data of the model systems are compiled in Table I.
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TABLE |. Data of the model.
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polyelectrolyte chain, an@v) slithering move using a biased
sampling technique. The probabilities of different trial moves

Box length L=257.92A were selected such that to enable single-particle moves ca. 20
Macroion radius Ru=15A times more often than the pivot movements and the transla-
Segment radius Reeg=2 A tions of the entire chain and 10 times more often than the
Small ion radius Ron=2 A slithering movements. The particles were initially placed ran-
Macroion charge Zy=-10 domly in the simulation box, and after equilibrium, the
Segment charge Zeeg=1 length of a production run was in generak20® MC trial

Small ion charge Zion=*1 moves per particle. Despite the strong polyelectrolyte-
Number of segments Ngeg=40 macroion complex, it has previously been shown that in the
Number of macroions Ny =8 absence of added salt the present protocol produces an er-
Number of cations N gatior= 80— godic samplind16,17. ' N

Number of anions N o= 40— Reported 'un'certalntles of S|mulatgd quantltle§ are one
Salt concentration c.=0-300mm  Standard deviation of the mean as estimated by dividing the
Temperature T=298 K simulations into ten sub-batches. All simulations were using
Relative permittivity £, =78.4 the integrated Monte Carlo/molecular dynamics/Brownian

dynamics simulation packageoLsim [28].

Eight different concentrations of added salt in the range . RESULTS AND DISCUSSIONS

Csai=0—300 mM were considered. These concentrations as properties of the polyelectrolyte-macroion solution on the
well as the corresponding screening lengths are given iagis of the results from the primitive model will be dis-
Table II. Note that ats,=0 the counterions of the charged ¢ sseq first, and thereafter results obtained from the primi-

particles are present, i.e.., 40 counteric_)ns of the polyelectrdjye model and the screened Coulomb model will be com-
lyte and 80 of the macroions. At the highest salt concentra-

tion, the system contains6200 small positive and negative
ions.

A. Binding function

B. Simulation aspects As mentioned in Sec. |, it is anticipated that the compo-

The equilibrium properties of the model systems were obsition of the polyelectrolyte-macroion complex will change
tained from canonical Monte CarleMC) simulations ac- When salt is added to the system. Figure 1 displays typical
cording to the standard Metropolis algoritf@7]. The par- ~ configurations for the salt concentrationg,=0, 75, and
ticles were enclosed in a cubic box and periodical boundar00 mM for the flexiblg panels(a)—(c)] and the stiff panels
conditions were applied. The long-ranged Coulomb interactd)—(f)] polyelectrolyte. Atcs,=0 the polyelectrolytes com-
tions were handled by using the Ewald summation techniqué!ex five to six macroiongpanels(a) and(d)] (see also Ref.
with conducting boundary conditionsee Refs[16], [17]  [17]), at the intermediate,, the polyelectrolytes complex
for further details. The examination of the configurational four macroiongpanels(b) and (€)], whereas at the highest
space was accelerated by using four different types of disCsat COnsidered the complex is nearly fully dissolMgnels
placements of the polyelectrolyté) translational displace- (¢) and(f)]. Thus, the snapshots show that the compositions
ment of a single charged particl@,) pivot rotation of a part  Of the polyelectrolyte-macroion complexes vary similarly for
of the po|ye|ectro|yte chain(iii) translation of the entire the two different chain flexibilities when the salt concentra-

tion is increased.

TABLE Il. Salt concentration ¢.,), Debye screening length The number of complexed macroioN§; as a function of
(k~1Y), and averaged number of complexed segments near a congalt concentration, also referred to as a binding function, is
plexed macroiontfse9 using the primitive model. displayed in Fig. 2. A macroion is considered to be com-
plexed to the polyelectrolyte if the distance between at least

Neeg one polyelectrolyte segment and the macroion does not ex-

. i ) ceed 5 A from their hard-sphere contact separation. The dis-
Csait (MM) A Flexible Stiff tance criterion is somewhat arbitrary, but the qualitative as-
0 39.6 7.6 4.2 pects of the results are not dependent on it.
10 24.0 7.7 4.3 For both the flexible and the stiff polyelectrolytdy, de-
25 17.2 7.6 4.3 creases continuously as salt is added. Independent of the
75 10.6 71 4.2 chain flexibility, at csq~50-60 mM the binding function
100 93 70 41 displays a smooth crossover from an overcharged complex
150 76 6.2 4.0 (the absolute charge of complexed macroions exceeds that of
200 6.6 5.7 3.9 the polyelectrolytg to an undercharged one. Moreover, at
300 55 5.0 38 low cg,i the stiffer polyelectrolyte possesses a larger number

of complexed macroions as compared to the flexible one
[consistent with Figs. (B and 1d)], whereas atcqy

3 argest estimated uncertainty és=0.2.
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higher salt concentration.
The corresponding binding functions for systems contain-
ing one polyelectrolyte an@ne macroion have also been

200
Csait (mM)

300

FIG. 2. Number of complexed macroiond;) vs the salt con-

© : centration €, for the flexible(filled circles and the stiff(filled
squares polyelectrolyte using the primitive model. Largest esti-
mated uncertainty ig=0.1. The corresponding dependency for a
solution containing one polyelectrolyte and one macroion, at other-
wise identical conditions, is shown in the inset.

) the two binding functions given in Fig. 2 shows that the
® o ; higher affinity displayed by the flexible chain to bind one or
[ A ). ®e two macroions at low concentratiofi7] also prevails at

determined. In the absence of salt, such systems form a

FIG. 1. Typical configurations of systems containing one flex-
ible polyelectrolyte and eight macroions &) cgy=0 mM, (b)
Csa= 75 MM, and(c) cgy=300 mM, and one stiff polyelectrolyte
and eight macroions dtl) c.y=0 mM, () cey= 75 mM, and(f)

strong 1:1 complex16,17). The inset of Fig. 2 displays that
as long axg, remains below ca. 50 mM\§, is close to 1,
wheread\y, reduces to 0.550% chance of complexatipat

Cea=300 mM. The small dots represent polyelectrolyte segment&a- 100 mM and reduces further at higher salt concentration.

and the spheres macroions. The box length is 258 A, and the par-
ticles are drawn to scale. The small ions are omitted for clarity.
Periodic boundary conditions are applied in all three directions to
avoid surface artefacts.

>100 mM the flexible polyelectrolyte displays the larger
number of complexed macroions. At,~300 mM, Ny,
~0.8 is obtained, indicating a dominance of a 1:1 complex
as displayed in Figs.(&) and Xf). Simulation of the corre-
sponding uncharged systems gaM§ =0.1; the nonzero
value being a pure density effect.

Previously, the binding isotherms for flexible and stiff
chains as well as thdifferencein the free energy of com-
plexation macroions to flexible chains and to stiff chains at
Csq=0 were examined17]. It was concluded that aingle
macroion binds stronger to a flexible polyelectrolyte than to
a stiff one. As further macroions are complexed to the poly-
electrolyte, the difference in the complexation free energy
between flexible and stiff chains for the next macroion is
reduced and eventually changes in sign. Since, the maximum
number of macroion complexed determines at whi§hthe
complexation free energy becomes zero, this sign reversal is
consistent with the observation that a larger number of mac-
roions are complexed to the stiff chain as compared to the
flexible one aftcg, =0 (Fig. 2). As salt is added the electro-

i
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lseq
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FIG. 3. Total number of complex macroions to a segment

static attraction between the oppositely charged macromofn§,(i..9] vs segment rankifeg for (a) the flexible andb) the stiff
ecules are screened, andcafi>100 mM, at most two mac- polyelectrolyte atc.,=0, 10, 25, 75, 100, 150, 200, and 300 mM
roions are complexed to the polyelectrolyte. The crossing oftop to bottom using the primitive model.
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FIG. 4. Radius of gyration of the polyelectrolyt¢R3)?) vs
the salt concentrationc(,, for the flexible polyelectrolyte in the
presencelopen circley and absencéfilled circles of macroions
and for the stiff polyelectrolyte in the presen@pen squaresand
absence(filled squares of macroions using the primitive model.
Largest estimated uncertainties are-0.7 for the flexible and 0.4

FIG. 5. Macroion-macroion radial distribution function
[gum(r)] for the flexible (solid curve$ and the stiff (dashed
curves polyelectrolyte at indicated salt concentrations in mM using
the primitive model.

for the stiff polyelectrolyte. Ny (iseg>1 appears for the flexible chain indicating that a
. . segment can be near to more than one macroion simulta-
B. Complexation function neously[cf. Fig. 1(@]. Given the similar number of com-

The nature of the polyelectrolyte-macroion complex hasplexed macroiondNy, there are thus a larger number of
also been examined by considering the complexation funcsegments near a macroion in the case of the flexible chain.
tion ny(ised, which denotes the average number of com-This is further quantified in Table II, which provides the
plexed macroions to segmeiit,, of the polyelectrolyte number of complexed segments near a complexed macroion,
chain. For examplenS,(iseg =1.0 implies that the segment Nseg: at differentCoyy. AS Coq is increased from 0 to 300
iseqiS 0N the average bound to one macroion. MM, Ngeq reduces frqm 7.6 to 5.0nterpreted as partial un-

Figures 2a) and 3b) show the complexation function for Wrapplng_ for the flexible polyelectr_olyte and from 4.2103.8
the flexible and the stiff polyelectrolyte, respectively, at all for the stiffer one. Thus, the reduction g, asc,,yincreases
salt concentrations considered. The complexation functioni$ for the flexible chain both an effect of reduced number of
display mirror symmetry with respect to a reflectionigg, ~complexed macroionésmallerNy,) and of reduced number
= (Ngegt 1)/2, and as expected the two halves of the chairPf polyelectrolyte segments near the complexed macroion
experience on the average the same environment. (smallerngeg .

The highesny, value is achieved at,= 0, and the com-
plexation function decreases monotonically ag; is in- C. Polyelectrolyte extension

creased. The middle segments of the polyelectrolytes The gpatial extensions of the polyelectrolytes have been
(loosely referred to as the binding regjomave the highest g antified by calculating their root-mean-square radius of
probability to complex to a macroion. _ gyration(R%)Y2. Figure 4 displays the radius of gyration of
AL low Csqy, the complexation functions display peaks e olelectrolytes as a function of the salt concentration,
near the ends_of the qhams, the peaks being more accenty the corresponding simulated data for macroion-free so-
ated for the stiffer chain. The enhanced probability of macyjons are also included. Regarding the flexible polyelectro-

roions to pe complexed near the ends iS. most Iikely_ dug t?yte in the absence of macroio(ﬁz)l’2 decreases as,; IS
the repulsive macroion-macroion potential in combination.” ™’ G a

. . L . increased owing to the screening of the intrachain electro-
with a nearly linear arrangement of them, giving rise to an

outward repulsion in the same spirit as hard spheres nears'tatlc repulsion, whereas @~ 0 the addition of macroions

: X . 0 i
surface are pushed by neighboring hard spheres toward trl}%ads toa rgductloq of thezc?,";"” exte_3n5|onﬂb$5./o. How
surface. ever, most interestingly{Rg)~* remains essentially unaf-

Throughout, the end segments display a lower probabilit)’m:te.d upon .add_mon of salt to .the.: polyelectrolyte-macroion
solution, indicating that asg,; is increased the enhanced

to become complexed with the macroions signalling an ap= ina by th 0 | tched b duced chai
perance of o as. AL o, tere s  considrable ST %Y 1 S O e o 8 fehees e
difference in the magnitude off, between the central bind- ) Y, M9

ing region and the end segments, this effect being decreas t<R‘23>1/2 of the Stiﬁ. polyelectrolyte is essen_tially unaf-
when ¢ is increased, and at higtw,, it has nearly van- ected by both the addition of salt and of oppositely charged

ished. However, the number of segments being affected dodgacroions.
not seem to depend strongly og,; rather it depends more

on the chain flexibility[ 17]. D. Macroion structure
For the flexible chain, the magnitude N, is generally Figure 5 provides macroion-macroion radial distribution
larger than that of the stiff one at the samgy;. At low gy, functions gy (r) for the two different polyelectrolytes at
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6 +— 77— Monte Carlo simulations using both the primitive model and
%o (a)] the screened Coulomb mod@3]. The structure of the solu-
[ e ] tion was determined at different ratio of the positively and
4 4 negatively polyelectrolytes. Also here, the properties of the
c - ® : system as predicted by screened Coulomb model were in
Nm ot ° 1 near quantitative agreement with those obtained using the
o[ ¢ g ] primitive model.
i : F. Counterion release
0 L . f Previous investigations employing the primitive model
0 100 200 300 have shown that the complexation between polyelectrolytes
Csan (MM) and oppositely charged macroions is driven both by enthalpic
8 , : . —_ and entropic contributiong29]. It is generally accepted that
[ (b) ] the latter contribution is dominated by a release of counteri-
6l 1 ons located near the complexing species. In the primitive
- . ] model with explicit counterions, this release is of course di-
c [ 1 rectly observabl¢16,29. In the following, we will examine
Nu 4} . - how the Debye-Hckel theory accounts for this release ther-
I s ] modynamically.
2L o ] Generally, a microscopic quantity becomes temperature
i ] . ] dependent as classical degrees of freedom are integrated out.
N ? When considering the potential energy, it hence becomes a
) 100 200 300 free energy. A separation of the free enefginto enthalpic
Ceart (MM) and entropic terms can be achieved by using the standard

thermodynamic  relations U=d(BA)/98 and TS
FIG. 6. Number of complexed macroioni(;) vs the salt con- = B(JdA/dB) with f=1/(kT).
centration €4y for (a) the flexible andb) the stiff polyelectrolyte Within the framework of the Debye-Hkel theory, the
using the primitive modefilled symbol and the screened Cou- screened Coulomb potential between two charge species is

lomb model(open symbols Largest estimated uncertainties are  averaged over the positions of the small ions and is given by
=0.1 for the primitive and 0.05 for the screened Coulomb model.

. Z,Z,€% exp(— k)

. . Uf(r)= .
Csa=0 and 100 mM. The first maximum appearsrat 35 4meoe, r
and 40 A for the flexible and the stiff polyelectrolyte, respec-
tively, and it arises from pairs of macroions residing in theFor simplcity, we have here omitted the effects of the hard
complex. The shorter macroion-macroion separation for thepheredcf. Eq. (4)]. The identificationA= U®™ and the fact
flexible polyelectrolyte is attributed to the stronger accumu-that k~ Y2 lead to the separatiod ®"=U—TSwith
lation of polyelectrolyte segments near thésee Table ).

)

The magnitude of the first maximum is reduced upon addi- uef(r) exp(— «r)
tion of salt, which is related to the smaller number of mac- = .
. . . . ZlZZ| BKkT KI
roions in the complexsee Fig. 2 The locations of the
maxima are unaffected by the salt concentration, showing
that the macroion-macroion separation of nearby macroions u(r) :( _ K_r> exp(— «T) ®)
in the complex is essentially independent of the salt content. Z1Z,5lgrkT 2 kr 7
E. Primitive model versus screened Coulomb model TS(r) N
i i o ) S————==735 exXp(«r),
Figure 6 displays the binding functions of the Z,Z,lgrkT

polyelectrolyte-macroion complexes as a function of the salt
concentration using the primitive modgilled symbol3 and  wherelg=e?/(4meye,kT) denoting the Bjerrum length has
the screened Coulomb modelpen symbolsfor the flexible  been introduced. Thus, when two species of opposite charge,
[Fig. 6(@)] and the stiff{Fig. 6(b)] chain. Independent of the i.e., Z,Z,<0, are approached, the entropy increases signal-
chain flexibility, a good agreement between the two modelding a counterion release.
is obtained. Nevertheless, at intermediatg; the electro- A subsequent and analogous separatiod given by Eq.
static screening is somewhat exaggerated by screened Caoi8) into enthalpic and entropic terms can be performed by
lomb model, in particular for the flexible polyelectrolyte. noticing that alsc, is temperature dependent. Such a sepa-
Other analyse&ata not shownconfirm the similarity of the ration will provide information on the entropy of the solvent
predictions of the two models. associated with the orientational ordering of the solvent mol-
In a recent contribution, the complexation in a solution ofecules originating from the electrostatic fields of the charged
oppositely charged polyelectrolytes was investigated bycolloidal specie$30].
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IV. CONCLUSIONS salt-averaged potential. Nevertheless, the primitive model is
On the basis of Monte Carlo simulations. we have inves-Sti” a simplistic model. Its foundation has to be assessed, in
' articular at high salt content where some of its approxima-

ggagegtgrecﬁgrrnggxrit;%?og it\slvier:er; C;gfu t?c?rty\?vlﬁﬁtreogteessag?i)ons become questionable, for further advances in the under-
PP y 9 §tanding of charged colloidal solutions.

macroions at different content of simple salt. In absence o
salt, an overcharged complex is formed, and at increasing
salt content a successive release of macroions appears. This
is in line with observations that phase separated solutions of
oppositely charged macromolecules tend to mix as salt is Valuable discussions with Han Wennerstnm are grate-
added. The number of polyelectrolyte segments near &illy acknowledged. The work was supported by grants from
charged macroion reduces substantially for the flexible chairthe Foundation of Strategic Resear(®SH, through Na-
whereas remains nearly constant but at a lower value for thional Graduate School in Scientific ComputityGSSQ,
stiffer one at increasing salt content. the Swedish Research Council for Engineering Science

For the present system, the simplified screened CoulombrFR), the Swedish National Research Coun®iFR), and
model of the extended Debye-ekel type displayed results by computing resources by the Swedish Council for Planning
in good agreement with the primitive model, suggesting thaand Coordination of Resear¢dkRN) and the National Su-
the salt behavior of such systems can be examined by suchpgrcomputer CentgiNSC) Linkoping University.
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