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Fluctuations in the number of irreversibly adsorbed particles
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Fluctuations in the number of colloid particles adsorbed irreversibly under pure diffusion transport
conditions were determined as a function of surface density and ionic strength of the suspension.
The experiments were carried out for monodisperse polystyrene latex particles of micrometer size
range adsorbing irreversibly at mica surface. The surface density of adsorbed particles at various
areas was determined using the direct microscope observation method. A new experimental cell was
used enablingn situ observations of particles adsorption under conditions of negligible gravity
effects. It was found that the particle density fluctuations for high ionic strength were in a good
agreement with the theoretical results derived from the random sequential ads@RSnmodel.

Also, the theoretical results stemming from the equilibrium scaled particle theory reflected the
experimental data satisfactorily. For lower ionic strength a deviation from the hard sphere behavior
was experimentally demonstrated. This effect due to the repulsive electrostatic interactions was
interpreted in terms of the effective hard particle concept. The universal dependence of variance on
particle density obtained in this way was found in a good agreement with the RSA model for all
ionic strength. These results proved that fluctuations in particle density of monolayer formed under
diffusional conditions differ fundamentally from these obtained under ballistic transport conditions.
© 2000 American Institute of Physids$0021-9606800)71547-9

I. INTRODUCTION case of external forcégravity) driven colloid particle ad-
_ _ _ _ sorption, referred to as the ballistic adsorption mechanism.

Knowledge of colloid and bioparticle adsorption mecha-The particle density fluctuations were quantitatively ex-
nisms at solid/liquid interfaces is relevant for polymer andpressed in terms of the reduced variane = a?I(N,)
colloid science, biophysics, and medicine, enabling one Qhereq is the standard deviation of the number of adsorbed
control pr-otelr? and-cell separation, enzyme 'mmf)b'l'zat'on’particles andN,) is the averaged number of particles per
thrombosis, biofouling of me_mbrane; and art|f|_C|aI_organs iven surface argaA very interesting finding of these works
etc. Furthermore, by measuring particle adsorption in mode}, o5 that, despite a considerable difference in the pair corre-
systems accessible for direct microscope studies, e.g., MONRion functions, in all cases the functional dependence?of

d|s_perse C°"°'O_' suspension, |mporta_nt |_nformat|on can b%n particle density was of similar character, close to the bal-
gained concerning mechanisms and kinetics of molecular aqi's'[ic model prediction$™* This contradiction was inter-

s_orptlon (_jlf_f!c_ult t_o study in a.d|rect way. _One of the attra_c- preted in Ref. 4 as due to finite probability of particle read-
tive possibilities is the modeling by colloid systems density . - .
sorption after an initial unsuccessful adsorption attempt.

fluctuations occurring in adsorbed molecular layers, e.g., . .
) 9 y 9 Other results reported in the literatiiffor the case of a
proteins or surfactants. It should be remembered that mo-

lecular adsorptior(including the important case of macro- weak externa! force werg '.n agreement.wnh the RSA model,
molecule and protein adsorptipis proceeding under diffu- rather than_W|th the ba_||_IStI.C model. Quite unexpectidly, the
sion controlled transport with negligible role of convection resglts pertinent to equilibrium systems also reflected thg ex-
or external force. Therefore, in order to match closely theperlmental 'd.ata well. However,. these results were obtained
molecular adsorption pathways, the model colloid adsorptiohNder conditions when the gravity and hydrodynamic effects
studies should preferably be carried out for monolayers opdue to f.|UId convection could mflugnce particle adsorption
tained under diffusion transport conditions. This would alsoM&chanism. Therefore, the motivations of the present study
minimize the irreversibility effects pertinent to colloid par- Were to determine particle density fluctuations under purely
ticle adsorption at solid interfaces. diffusion-controlled transport conditions with the external
Despite the significance of this problem, few experimenforce and convection effects entirely eliminated. This was
tal works were reported in the literature dealing with densityachieved by using a new experimental cell with the micro-
fluctuations in adsorbed colloid monolayers. The exception§cope oriented horizontally, so gravity was directed parallel
are the measurements reported in Refs. 1-4, dealing with tHe the adsorption plane. A further advantage in comparison
with previously used arrangemefitis the option ofin situ

dAuthor to whom correspondence should be addressed. Electronic maif‘.)bservatlon of adsorbed partlcle monOIayer without drymg
ncadamcz@cyf-kr.edu.pl up the sample.
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FIG. 1. A schematic view of the experimental cella)
the diffusion cell(DC); (b) the radial impinging-jet cell.
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Il. EXPERIMENT amidinopropang dihydrochloride (ABA) initiator lead to
positively charged lattice suspensions. After synthesis, the
latex was purified by steam distillation and by prolonged
Particle adsorption experiments were performed usingnembrane filtration until the conductivity of filtrate reached
the direct microscope observation method in the cell showmhe value of water used for washing. The filtrates were also
schematically in Fig. (), referred to later on as the diffusion checked for the presence of traces of initiator and nonreacted
cell (DC). The main part of the cell was a Teflon container of styrene using UV spectroscopy. The size distribution of latex
internal dimension 1.82.5xX8 cm with a rectangular win-  suspensions was determined by ZM Coulter Counter. The
dow in which a mica sheet was inserted, used as the substratgex was stored in the form of a concentrated stock suspen-
for particle adsorption. The container was placed under thejon (10% by weight which was indefinitely stable. Prior to
microscope fixed to a movable stage which could be inclineéach experiment the suspension was diluted to the desired
(rotated by an anglep varied between zer@the microscope number concentration, whose value was determined by
oriented perpendicular as uspahd 90° with the microscope Coulter Counter.
oriented horizontally. In the latter case, gravity was directed  zeta potential of latex particles was determined as a
parallel to the mica sheet. With this arrangement, particlgunction of ionic strength by microelectrophoresis using the
adsorption kinetics and distribution over mica surface couldrookhaven Zeta Pals apparatus. The crystallized KCI was
be followedin situ using a video cameréHamamatsu type ysed for preparing the electrolyte solutions in triply distilled
C-3077 coupled with an image processor and video re-water. ThepH of these suspensions was equal to 5.8.
corder. In our studies three latex samples were used: L18, L70
Except for the diffusion cell, some reference experi-(hoth negatively chargédand L+ 39 (positively charged
ments were carried out in the impinging-jet cell shown schefor the sake of convenience the basic characteristics of these
matically in Fig. 1b). The cell, used extensively before for |attices have been collected in Table I.
similar studie§,'6'1°’llconsisted of a CapiIIary tube of circular Natural ruby mica sheets, Supp"ed by Mica and Mican-
cross sectior(internal diameter 0.2 ciithrough which the jte Supplies Ltd., England, were used as substrates in the
particle suspension was driven due to hydrostatic pressurgdsorption experiments. In the case of positive latex, freshly
difference. The pressure gradient determined the volumetrigleaved mica sheets were used without any pretreatment,
flow rate Q of the suspension which was kept constant durwhereas for negative latex, mica sheets were conditioned in
ing an experiment. The suspension stream leaving the capipx 10-4 M AICI , solution for 24 h at 80 °C. This procedure
lary was directed towards a perpendicularly placed mica&onverted the natural negative charge of mica to positive
sheet held fixed to the external tubing B due to the undercharge which assured irreversible adsorption of negatively
pressure prevailing in the cell. The suspension leaving theharged latex particles. Before each experiment sheets were
external tube was discarded. In this cell, the direction ofthoroughly rinsed with distilled water and put on the top of
gravity was perpendicular and opposite to the mica/liquidthe cell without letting the liquid film to evaporate.
interface. Zeta potential of mica sheets was determined using the

A. The experimental cell

B. Materials and methods TABLE |. Colloid particle characteristics.

The colloid particles used in our adsorption studies were
polystyrene latex suspensions synthesized in a surfactant-freg, ., system
polymerization reaction carried out according to the method
described in Ref. 12. The latex suspension were charge sta—t:g 'E;g 3'2;06037 i-gg *gg
bilized by ionic groups stemr_nmg from the initiator. By using o L4390 11008 105 +50
a persulfate initiator, negatively charged suspensions were
synthesized whereas the use of the 'B2obis (2- 2Ati=10*M.

Size Density Zeta potentidl
[pm] at 20 °C dmv]
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streaming potential method in the plane-parallel cell de- M (NS =N, ]2 (N2)—(N.)2
scribed in detail elsewhefd. Two thin mica sheets were ge=—nt <Np> ol” ¢ p>N< o) ,
placed between the Teflon blocks separated by a 0.025 cm (Np) (Np)

thick Teflon gasket serving as a spacer. The parallel platesheren, is the number of subareass.

channel was formed by clamping the Teflon blocks together A very similar procedure was used for determining the

with two mica sheets and the spacer between them, using\@riance in the case of the impinging-jet cell. Particle sus-

press under constant torque conditions. pension was driven through the cell at such a @tiat the
The streaming potentid,, occurring when an electro- Reynolds number ReQ/7Rv (where v is the liquid kine-

lyte was flowing through the cell under regulated and con.matic viscosity was very low, equal to 0.6. Then, after the

stant hydrostatic pressure difference, was measured using tHgsired adsorption time calculated from previous kinetic ex-

two Ag/AgCl electrodes. The zeta potential of the micaPeriments, pure electrolyte solution was streamed through

sheets was calculated using the improved Smoluchowski fotthe cell and the variance of adsorbed particle distribution was

mula, accounting for the contribution stemming from spaceidétermined as above.

walls3 It was found that the zeta potential of bafen- Since many experiments on particle adsorption kinetics

treated mica was varied betweer 60+=5mV and — 90 have been done in the literature in a stepwise mafifiere

+8 mV, for the ionic strength 16 M and 2x 10~° M KCl have also performed a series of variance measurements in

used in our experiments. On the other hand, the fi@ated IS way. In this case, freshly cleaved mica sheet was im-
mica exhibited the zeta potential 6f30 to +60 mV for the mersed in a latex particle suspension. After a given adsorp-
same range of ionic strength tion time (ranging from 15 min to 80 hthe samples were

Particle adsorption experiments involving the DC haveremoved from the suspension and carefully rinsed with triply
distilled water without allowing the water film to evaporate.

been carried out according to a carefully elaborated proc . .
. - according . y o pro eThen, the wet sheet in contact with electrolyte for the whole
dure aimed at minimizing the nonuniform concentration dis-

tribution effects. Hence, the cell with the freshly mountedtlmfa was placed under the microscope. Images taken frqm
various areas, chosen at random, were used for evaluating

mica window was fastened on thg Mmicroscope stage and ﬂ}%e averaged surface concentration of particles and the vari-
whole set was inclined to the horizontal position. Then, the

: . . . .__ance as described above.

cell was filled with a stirred latex suspension of appropriate

particle concentration and particle adsorption was followed

in situ in real time using the video recorder system. The

recorded signal was used subsequently for evaluating the kil. RESULTS AND DISCUSSION

netic adsorption curves, i.e., the dependencies of surface con- )

centration on adsorption tinte The surface concentration of All experiments reported hereafter were Perforr_nAed at
adsorbed particle was obtained by counting the number of PH -8 forféhreepmc strength values equal to 010°,
particlesN, found over a given surface aresS, typically and ZX 107°M, f'X?d k,)y addition of a given amount ,Of KCL.
the size of a few thousanglam®. The dimensionless surface _For th|§ range of jonic §trength the latex suspensions were
coverage was then calculated @s- waZ(Np>/AS (wherea indefinitely stable, showing no presence of aggregates in the

is the particle radius an(N,) is the averaged value of,). bulk as checked in a series of preliminary experiments. Simi-

The variance of particle distributions was determined aC_IarIy, aggregat.es have very infrequently been found at the
. . ) : . surface so their presence can be neglected. This can qualita-
cording to a different procedure. First, particle adsorption

. . . tively be observed in the micrographs shown in Fig. 2 ob-
was continued until the desired surface cover@gwas at- tained for the L18 latex forl=10-*M and n,=5.16

tained (this adsorption time was estimated from previouslyxlog cm 2 (©=0.1 and 0.3, respectivelyAs can be ob-
recorded kinetic curve).s Then, the adsorptpn experiment served in this figure, particle distributions are statistically
was stopped by replacing the latex suspension by pure eIeﬁ'niform with no tendency to clustering, as is often the case

trolyte solution and images of irreversible adsorbed particle%hen the particle monolayer is dried before microscope ex-

were collected over equal-sized, nonoverlapping larger suramination. This confirms that the particles once adsorbed
face aread S chosen at random over the interface. The areagyere irreversibly bound to the surface with no tendency to

AS were divided into subareass in such a way that the |ateral motion.

averaged surface concentratiN,/As) was equal to ap- The uniformity of particle distribution was confirmed
proximately 40 or 10. The number of the areas was Varieﬁ;antitatively by a thorough variance analysis of particle sur-
betWeen 100 and 500 in Ol’der to make the OVera” number ce Concentration performed according to the method de_
particles counted equal 5000—20000. It should also begcribed above. The grid used for variance determination
pointed out that due to very large observation area of the D(N,)=10) is also shown in Fig. 2. In order to select proper
cell, comparable with cfithe overall population of adsorbed surface concentration range for variance analysis, a series of
particles was very large, exceeding®lfor ©>0.02. This  kinetic experiments has been performed in which the depen-
ensured that the explicit and implicit size effects connectedience of® on adsorption time was determined for various
with a finite number of particles within the population usedionic strength. These experiments have been discussed in
for variance analysis could be entirely neglected. The relasome detail elsewhefeHere, we present typical results ob-
tive variance of particle concentration distribution was cal-tained for the L18 latex for the above ionic strength values.
culated directly from the definition As can be seen in Fig. 3, the increasedircan be expressed
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FIG. 3. Adsorption kinetics of latex particlggshe L18 sample at mica
expressed as the coveragevs \t dependencies),=5.16x10° cm 3. (1)

¢ for 1I=10°M; (2) A for I=10"*M; (3) M for |=2X10"°M. The
continuous lines denote the exact numerical solutions of the diffusion trans-
port equation with the blocking function calculated from E2); the dotted

line shows the results stemming from the limiting formul@
=ma22nyyD.t.

surface exclusion effecfsThe blocking functiorB(®) used
for expressing the boundary conditions was taken from the
classical RSA model. It was approximated by the equation

B(®)=(1+0.812 +0.42692+0.07183)(1-0)3, (2

where ®=0/0,,, and 0, is the maximum(saturation
coverage. As can be observed in Fig. 3, the theoretical re-
sults, marked by the solid lines, describe well the experimen-
tal data for the entire range of adsorption time. A character-
istic feature of the kinetic runs shown in Fig. 3 is that for
FIG. 2. The micrographs showing the distribution of adsorbed latex parvery long adsorption time a limitingsaturation value of ®
ticles at mica obtained for=10"*M. () ©=0.1, (b)) ©=0.3. is attained © ,,,) which increases with ionic strength of the
suspension. It was determined experimentally that for ad-
sorption time of 80 h the limiting®,, values were 0.47,
0.40, and 0.34 fot=10"3, 10 4, and 2<10 °M, respec-
tively. For the sake of convenience these data are collected in
0 = 7a?2n,\D.., (1) Tablegll. Notice that the value of 0.47 determined for
whereD., is the diffusion coefficient of a particle calculated :10_ M approaches close to the I|m|t|n_g val_ue for_ hard
from the Stokes equation, equal to %.80 ° cn¥/s for the (nonlnteracn_ng_sphere_s, found by '_‘”T”_e'f'ca' s_|mulat|on 0
be 0.547. It is interesting that this limitinggmming value

L13 latex. Vall(_i|ty of this e_quatmn indicates that in our X . the same for the random sequential adsorptR@A) and
periments particle adsorption occurred under purely diffu-

sional transport mechanism with no contribution due to natu-

for short times as a linear function of the square root of time
ie.,

ral convection, as observed by Semmaeial® TABLE II. Latex L18 data.

However, for adsorption time longer than 1 h, wh@n
exceeded 0.2, the experimental data deviate significantly Omx Omx
from the square root of time dependence as a result of sur- '[M] (ka)"  h*/a  (theoretical  (experimental
face exclusion effectgoften called blocking effecjsdis- 1073 0.019 0.08 0.4¢ 0.47
cussed extensively elsewhéfeThe experimental kinetic 107 0.060 0.17 0.4¢% 0.40

. . . —5
runs were interpreted in terms of the theoretical approach 210 0.135 0.38 0.32 0.34

based on numerical solution of the bulk mass transfer equayayes calculated from Eqs3) and (4).
tion with the nonlinear boundary condition, describing thePvalues obtained from Monte Carlo simulations.
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diffusion random sequential adsorptigbRSA) models!* , 1.0 .
By contrast, in the case of the ballistic model the limitllg &N~ .
value was found to be 0.62. 08l wo,
The deviation of the value measured fer 10”3 M from N o
the hard particle jamming limit can be attributed to the elec- 06| RN
trostatic repulsion between the adsorbed and adsorbing pa
ticles. The range of these interactions is governed primarily v ™o
by the double-layer thickness given by the expression 04y v
Le/a=(xa) =(ekT/8me?la?)? 0zl Ty o,
v
where ¢ is the dielectric constant of watek,is the Boltz- v
mann constantT is absolute temperature, amrdis the el- 0.0 : : ‘ :
ementary charge. 0.0 0.1 0.2 0.3 0.4 o 0.5

The values of thé.e/a parameter calculated for the L18
latex at various ionic strength are listed in Table IlI. FIG. 4. Theo?/(N,) dependence on the covera@e the points denote
Knowing Le, one can calculate the effective range of experimental results obtained for ionic strength10"° M. M for the L

| r i inter. ionh* from h formul riv +39 Iatex,(Np):40; O for the L+39 Iatex,(Np):lo_; @ for thF.,‘ L18
electrostatic teractio 0 the formula derived latex, (Np)=40; O for the L18 latex,(Ny)=10. The inverted triangles

elsewher¢® denote the RSA simulation resultiill symbols for (N,)=40 and empty
h* u h* symbols for(N,)=10); the continuous line denotes the results stemming
0= —1| 0 -1 -0 from the SPT theory, Eq7), and the dotted line represents the theoretical
a ~ g I = (ka) Tin| 1+ } (3 predictions derived from the ballistic model.

where  h&/a=1/2(ka) *In(Up/ug),  Ug=8sa(kT/e)?
Xtapk?({e/4kT), { is the zeta potential of the particle, and correction functions. Romaat al'® have determined these
Ugn is the characteristic energy equal to 1.5%T. functions analytically up to the order @? for the RSA

As can be seen in Table Il, tHe*/a parameter varies case, whereas Sengetrall’ gave numerical fits valid for an
between 5% of particle geometrical radius fer10 3 M to arbitrary range o® in the form

36% for |=2x10"°. Using theh* concept, one can also
estimate the maximum coverage for interacting particles y,= 6i2®_7_14®2_2_22®3+9_7®4,
from the formuld 3w

1 y,=—0.7789 +3.7202— 8.489°+ 6.070". ©)
Om=0Oo7T—572- (4) = =
14 h* In our case, foKN,)=40 and® =0.05, the surface area of
the subsystem As=(Np)ma’/® was 630um?6.3

x10 %cnP); thus, the ratiora?/As was equal to 0.0011.

As can be deduced from Table Il, the theoretical predictionsryis indicates that the correction due to fhefunction was
stemming from Eq(4) agree reasonably well with our ex- paqjigible, whereas the correction stemming from the

perimental data. This behavior was observed for other e nction was 0.006, which is less than 1% of the measured
perimental systems as wéif;'! which suggests that the ef- o2 value. For(N,,) =10, the correction to the measured is
fective hard particle concept is useful for interpretation of 3, .t 1 504 Aspcan be seen in Fig. 4, the difference among
adsorption kinetic measurements involving electrostatically;, experimental data measured f(jﬁ =40 and (N,)

i i i P P
interacting particles. , ) =10 was considerably larger than this estimate, about 5%—
. One of thg goals of th.|s work was to check. if the effe-c- 10%. One may suspect, therefore, that beside the systematic
tive harq particle concept is alsc_) appllca_ble for 'me,rpreFat'o'”Ueviation connected with the boundary effects another source
of experlmeptal results concerning density fluctuations in adg¢ experimental scatter appeared. This was probably due to
sorbed particle layers. In Fig. 4 the erendencé%fpn uncertainty in assigning particles located to the boundary to a
particle coverage@_lss presented, obtained for the highest gy syrface element. This effect is expected to increase
ionic strengthl =10 *M when the correction due to electro- .q50tionally with the ratio of the number of particles close

static rep_ulsion remains rather minor. As can be seen, the) the periphery to the overall number of particles on the
data obtained fo{N,) =10 are for the entir® range studied .05 ie. to thea?/As)Y2 analogously as for thg, func-
(0.03-0.45, well above analogous data determined for; = " ’

(Np)=40. This deviation seems to confirm the theoretical .For ®=0.4, according to Eq(6), the correction stem-
predictions elaborated in Refs. 17 and 18 suggesting that dye. o - ’ _
to boundary effects the? vs ® dependence for finite-sized Urjgggsffrgrr? Nth>e:yiof uzgtg]n %qeu:éi: |?14F7|gf OSNI’_J])n”seOﬂ?: (Ijow
systems should be given be the equation ' P : R
coverage limit, this theoretical prediction is in good agree-
a2\ 112 a2 ment with experimentally observed differencedif between
) y1(®)+ 1= Va(0), (5 (Npy=40 and(N,)=10. From this estimation one may ex-
s )

pect that for higher surface covera@e, measured for sub-
whereEg is the reduced variance for an infinite subsystemsystems of very large surface argghen(N,)— ) should
As is the area of the subsystem, apd®), y,(®) are the be about 0.05 smaller than the experimental data shown in

ol=05+

As
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Fig. 4 for(Np)=40. However, a direct experimental proof of N> O RE
this predictions would be difficult due to the necessity of P %0
considering very large particle populations and limited qual- 0811 o .
ity of the image for high coverage as a result of multiple £ia ¢
light scattering. 06| oa

These analytical estimates, derived for the RSA model, ’ v .
are further supported by the good agreement of the experi 2 .
mental data with the numerical simulations, also shown in 041 v
Fig. 4 by reversed triangles. The simulations were performed v °
according to the RSA model of sdfinteracting spheres as 02} v % v Tl
described in detail elsewhe$él1®This finding is rather un- Tveyy e
expected because in the RSA model all effects associate 0.0 . . . .
with particle diffusion are neglected. One may therefore sus- 0.0 0.1 0.2 0.3 0.4 0.5
pect that the agreement is due to the limited accuracy of the )
experimental method and cannot be exploited as a decisive _ _

IG. 5. ThEUZ/(Np) vs the coverag®; the points denote experimental

prOOf to validate the RSA model. Indeed, the results derl\/'Edr:esults obtained for ionic strength=10"%M. M for the L+39 latex,

(Np)=40; & for the L+ 39 latex in the impinging-jet celt,N,)=40; 01 for

for equilibrium systems from the scaled particle thédR)

(SPT) also reflect well the experimental data for the entirethe L+39 latex,(N,)=10; @ for the L18 latex(N,)=40; O for the L18

range of coverage. In this case? is given by the analytical
formula

latex, (Np)=10, A for the L70 latex,(N,)=40. The inverted triangles
denote the RSA simulation result&ill symbols for (N,)=40 and empty

symbols for(Np)=10); the continuous line denotes the results stemming

2= mwa’kT

()

ap)—1_<1—>3

) 1+0

wherep is the 2D pressure of the equilibrium hard sphere
fluid.

analyzed boundary effect with the error associated with pa
ticle interactions described by th& /a parameter. Both ef-
fects, acting oppositely, are of the order of 0(@%absolute
numbers for the range of surface coverage 0.3-0.5.
Despite these limitations, however, the results shown i

The good agreement between experimental data and thge
SPT theory is probably due to compensation of the above

from the SPT theory, Eq7).

Fig. 4 demonstrate quite unequivocally that the dependence 5=(1+h*/a)2.

of o2 on ® measured for diffusion controlled transport con-

mental data, especially for the lowest ionic strength value.
Since this deviation is well above the experimental error
ound, one may conclude that the results shown in Figs. 5
nd 6 confirm unequivocally the significance of electrostatic
r|_nteracti0ns in fluctuation phenomena within adsorbed par-
ticle layers. A quantitative interpretation of this behavior was
attempted by introducing the above effective hard particle
concept. Within the scope of this model, the effective par-

ficle coverag@ is defined in analogy to Edq4) as follows:

®

listic model 3 depicted in Fig. 4 by the dotted line. In this Various ionic strength can be transformed to one universal

respect our results differ from previous measurements disdependence? vs ®, which is plotted in Fig. 7. As can be

cussed in Refs. 1-4. This can be attributed to the gravity
effects which were always present in those experiments.

. ; ) 1.0
The data discussed above were obtained under cond|<,2/<Np>

tions when the electrostatic interactions played a minor role
so their influence orr? was of the order of experimental
error. For lower ionic strength, due to increased value of
h*/a as discussed above, the role of electrostatic interaction:
should be more significant. This can be observed in Figs. &
and 6, where the data obtained fbe=10"% and |=2
X10 °M are collected. In Fig. 5 we have also shown for
comparison the results obtained in the impinging-jet cell at
Re=0.6. Despite the spread of experimental data, one car
deduce that there was no statistically significant difference
among results obtained for different cells and lattiggther
positively or negatively chargeéd Analogously, as forl
=10 3M, in the case of lower ionic strength the results

081

06

04 r

0.2t

0.0

<4<
a

q
<de 0
Yo
20°
e 0
°

0.0

0.1 02 0.3

0.4
(S}

obtained foN,) =40 are well below the results determined riG. 6. The ¢?/(N,) dependence on the covera@e the points denote
for (N,)=10. It also seems that the simulations performedexperimental results obtained for ionic strengith2x10"° M. M for the
according to the RSA model are in good agreement with thé *+39 latex,(Ny)=40; [J for the L+ 39 latex,(N,)=10; @ for the L18

experimental data for lower ionic strength as well. In con-
trast, the analytical results calculated from E@) for an

equilibrium hard particle system overestimate the experiihe SPT theory, Eq7).
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10 cwg— - : - The results obtained for lower ionic strength, when elec-
o*I<N> . trostatic interactions among particles become significant, can
08 % W % m | be accounted for in an approximate way by introducing the
A ig effective hard particle concept.
06 | X ko | It can bg expected that the universal graph showing the
o ‘o 0'2/(Np> vs ® dependence can be exploited for detecting any
o heterogeneities in surface charge or initial particle concentra-
047 MARNS ] tion distribution.
v " . The results obtained support the hypothesis that colloid
027 MR S ° o Yo particles susceptible for diredh situ observations can be
Sryy ¢ used as convenient systems to mimic fluctuations occurring
0.0 ‘ . . ‘ . in equilibrium systems.
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