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Abstract

The structural coefficients of bare and protein-coated polystyrene particles aggregating at different electrolyte concentrations were deter-
mined by light scattering techniques. The time dependence of the average diffusion coefficient could be fitted considering a simple form for the
aggregation kernel. The fits allowed the structural coefficient to be determined. This parameter was then used to obtain the surface-to-surface
separation between the monomers contained within the clusters. The results show that this distance is directly related to the size of the adsorbec
protein molecules.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction one. ltis, however, an important factor for a complete quanti-
tative characterization of fractal aggregates. In fact, clusters

The structural and dynamical properties of colloidal with identicalds, Ry and Rp contain less primary particles
aggregates play an important role in fields such as polymerwhen they have a smaller structural coefficient. A larger dis-
and colloid science, food industries and biophysics, among tance should then exist among the monomeric particles con-
others. The structure of the formed clusters is strongly relatedtained within the clusters. Consequently, the structural coeffi-
to the mechanism and kinetics of aggregation. For example,cientkg must be related to that distance. Oh and Sorefen
relatively open branched clusters grow under pure diffusion expressed this dependencykgs= kél)sdfywherea = 2Ro/!
limited growth conditions while reaction limited aggregation s the monomer overlag, the center-to-center distance of
processes give rise to more compact structures. Although col-two adjacent monomers anff? is the structural coefficient
loidal aggregates are of very complex nature, the descriptionfor particles that are in direct surface to surface contact. The
Of their internal structure can be Signiﬁcantly Slmp|lfled Using above mentioned re'ationship ShOWS C|ear|y ﬂ@ancreases

fractal geometry1]. The fractal dimension;, links thenum- ith increasing monomer overlap. This agrees with simula-
ber of primary particles per cluster, to the aggregate radius  tions and experiments from stereoviews of three-dimensional
of gyration,Rg, according to the relationship: (3D) aggregates for which higl values were founfB]. The
R\ & monomer overlag may also be expressed as:
g
n=to( 1) M
Ro 2Ro

)

. . . ) §= ——
whereRg is the monomer radius agis the structural coeffi- 2Ro+ S

cient. The latter parameter is often neglected and simply set to i . )
whereS is the surface-to-surface distance of two adjacent

* Corresponding author. monomers[4]. In this relationshipS is positive for sepa-
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previous work, we studied surfactant-covered particles aggre-to the incident beam. The aggregate structure faff@Rg)

gating under diffusive conditions and the obtaiSe@lues of
about twice the thickness of the adsorbed surfactant [d}er

accounts for the spatial distribution of individual particles
within the clusters. FoRg > g1 > Ro, Eq. (3) may be

Information about the structural properties of aggregates expressed g$]:
can be obtained in many different ways. Scattering methodsl R~ 4
are probably the most frequently employed techniques for (@) ~ (gRq) 4)

this purpose. They have been widely used to characterizejf one assumes that the monomers are sufficiently small so
the fractal nature of clusters and to study the underlying that their form facto(¢Ro) becomes unity. Eq4) allows
aggregation kinetic§5—7]. The fractal dimension of col-  the cluster fractal dimension to be determined directly by
loidal clusters is usually determined by means of static light means of SLS measurements in the adecuatmge.
scattering. The structural coefficient, however, is quite dif-  The aggregation kinetics is usually studied by means of
ficult to determine experimentally. The aggregation kinetics pL.S. On the one hand, the electric field autocorrelation

is normally expressed in terms of an aggregation kernel, i.e., function for a polydisperse system of diffusing particles is
a set of kinetic rate constants for all possible cluster—cluster modelled theoretical 46]:

reactions. Since most aggregations kernels are homogeneous -~

functions of the cluster size, they may be classified by the 1 2

well-known van Dongen—Ernst homogeneity exporiej]. 8(r) = @ZN"O)” S(gRg) PlaRo)exp(=177)
In this work, the structural coefficient for bare and protein- n=t

covered particles aggregating at different electrolyte condi- Where the decay raté;,, for ann-size cluster is linked to its

tions will be determined. The mean diffusion coefficient will ~translational D,,, and rotational D}, diffusion coefficients

be employed as experimental parameter for monitoring the according tqd9]:

aggregation kinetics. The fractfal dimension_ of the formed I, = Dyg? + 6D ©6)

aggregates and the homogeneity parameteill be deter- "

mined by means of static light scattering (SLS) and dynamic ~ Assuming thatD, ¢ > 6D for all cluster sizeg10],

light scattering (DLS). The results will then be used to calcu- the following expression may be obtained for the logarithmic

late the separation between adjacent monomers contained irerivative ofg(z) in the limitz — 0

the clusters and to estimate the adsorbed protein layer thick- S0 N (0128 (gRe) Dug?

ness. A thorough discussion of the obtained results will Show = |n g(7)|,_, g = &= 209 )ond

that the structural coefficient and the homogeneity exponent 97 Yoz Na(0n2S(gRg)

provide useful additional information on the cluster structure

and aggregation kinetics that could not be obtained otherwise.  On the other hand, the experimentally obtained autocorre-
The paper is structured as follows: the first section is this lation functions are usually fitted according to the expression

introduction. The theoretical background is resumed briefly [11]:

in Section2. The following section details the materials and

methods used for the experiments. The results are presented(t) = A €xp

and discussed in SectidnFinally, the conclusions are tack-

led in Sectiorb.

()

(7)

1
(—Far + érbfz + - ) (8)
which is known as cumulant analysis. Hefeis a constant,
I3 the average decay rate ahg is related to the degree of
polydispersity. Evindently, the limit — 0 of the logarithmic

2. Theoretical background derivative ofg(r) becomes:

d
Information on the cluster structure is frequently obtained a'” g(D)l—0=—Ta 9
by means of SLS. The light intensit§(g), scattered by a . . i _
system with a given cluster-size distributiav,, is given by Combining Eqgs(7) and (9)yields finally [6]:
L6l: Iag) _ SaaNa()nS(gRg) Dy 10)

(D(g. 1) =

q° > nzaNa(0)n?S(qRg)
where the finite character of the aggregation processes has
been considered introducing a cut-off sizg, This cut-off
size corresponds to the largest aggregates present in the sys-

1(g) ~ S Nan®S(gRg) P(gRo) 3

n=1

wheren is the number of monomeric particles per cluster,

S(qRg) the aggregate structure fact@(gRo) the monomer
form factor,Rg the monomer radiu®y the aggregate radius
of gyration andg is the modulus of the scattering vector.
For elastic light scattering,is given byg = (47/)\)sin@/2),
where is the wavelength of the incident beam in the sur-
rounding medium and is the scattering angle with respect

tem. Evidentlyy, rises as the clusters grow. §40) means
that the average diffusion coefficient, obtained from exper-
iments asl"4(¢)/q°, may be calculated theoretically as the
average of the diffusion coefficienf3,, of individual aggre-
gates weighted by the corresponding scattering intensity and
cluster mass distribution at any given time.
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