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On the effect of particle morphology and interaction on near wall dynamics l '

We employed evanescent wave dynamic light scattering [1] to study the Evanescent wave DLS

The effect of DLVO particle-wall interaction on diffusion constants

near wall dynamics of different types of silica particles, i. e. full spheres, Normalized parallel diffusion constants of
spherical shells and spheres with surface roughness, with the objective to monodisperse particles, interacting with a
investigate the effect of particle morphology on their near wall dynamics. 0.9- e ° 0 wall. The Interaction potentials are defined
i i : i - - ® o by the parameters indicated in the legend
While the dynamics of spherical particles and hollow shells is in 08 /. g and R=100nm, x5'=100 nm. The effect of
agreement with theoretical predictions for hard sphere colloids [2] within £  ediction for gravitation was found to be negligible.
experimental error, the rough particles show slower dynamics than —~ 07~ [;ard %ph?/res Due to hydrodynamic interaction with the
- g . . . v ' o =0m
expected for spheres. As the latter finding is at conflict with :M: 0.6 o \Pz=_0_5 iy wall. the near wall diffusion of hard
hydrodynamic theory, we further investigated the influence of static 3 ; 5' o Wo=-1mV spheres is always smaller than the bulk
particle wall interaction on the dynamics. Our results indicate that the I - y B We= 2 mx value, D,.
- - - @® Yeo=-5m
rough particles experience stronger van der Waals attraction than 0.4 f . ‘Pz=-10mv At high surface potentials, the diffusion is
particles with a smooth surface, which may contribute to settle an open Q=k, —k, . 3' | e w;=20mv__ | fasterthan expected for hard spheres, and
question in literature concerning the effect of particle roughness on ,((? scattering VEC?rh | 0 1 2 3 4 5 6 7 8 9 ‘S’gsarat‘i’:r':sﬁ}Staﬁfgaﬁs&ee?Toartiac‘l’:rzgg
. . . wave vector of the scattered wave
interaction and adhesion [3, 4]. kz wave vector of the evanescent wave 2/IkRy wall increases |%;| and consequently the
QJ_ normal Component of Q hydrOdynamiC wall effect is reduced.
Figure 2. Sketch of the EWDLS set-up.
: Q, parallel component of Q
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— . . . Results
Particle The initial slope of the field correlation function
type Ry (hm)  (R)1gp (nm) o
When particles diffuse near a wall under the influence of an interacting potential ®(z), the The hollow (HSiI) and smooth (SSi)
initial slope of EWDLS time correlation function is given by: 684 = spherical particles exhibit dynamics similar
Rough 86 75 0.05 N I R S S to hard sphere within experimental error.
fR dz exp{— ®(z)} exp{—kz} [D” (2) QHZ +D,(2) (Q% + K2/4)] o 0.7- o) Taking into account an interaction potential
[ = foo 17 expl—B D(2)] explrz) ol ;;Vith Y= -1.9 mV art])d A = 0.5 KgT, inghtI31
R s etter agreement between experimenta
Smooth 73 75 0.05 v i -
where z is the particle center to surface distance. With the average diffusion constants defined X 0.6- ?at?ha”r? :1I10del Eredlctlon can be achieved
as ~ : or the hollow spheres.
00 O HSi
dz expi—pf ®(z)} expi—k z} Dy, (z S - - . .
Hollow 137 124 0.03 (D, ) (2) = Jr _ pi=f ©(2)} expi—k z} Dy, (2) > U L5 = The rough surface particles (RSi) show
T fR dz exp{—f ®(z)} exp{—«k z} — - - -HS-prediction significantly slower dynamics than the
0.4 - — ¥=-1.9mV, A;=0.5k;T, R,=137 nm| hard  sphere prediction. Acceptable
the following linear relation is obtained: 7 & T Fem20mV, A3 OkeT, Ry=86 nm ;gerer(relqueenlt igegvcvﬁieer\‘/eeé(ag;'@egtalzdﬁ@ :23
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. Evanescent wave r= 020000 + (02 + Vo) Ac3kT
A laser beam that is totally reflected from a flat 4 2/kRy,
surface (of a material with refractive index n,),
which is in contact with a medium (n; <n;),  _1000——— 1 —T The interaction potential &(z)
with an Incident  angle a; > 0.pip = | N
sin~(n,/n,), creates an evanescent wave at / o ‘\\ i . . . ® -
the reflection spot that penetrates the medium _500! ‘a/.f . \\x o & The potential between partlcle_gnd wall is al® Ay =1kgT C()ﬂClUSl()nS
of n, to a limited extent. / : N 0.8 modgllgd as the supe_rposmon of a . o v.=0mV
= Ty - \ 4 o4 gravitational, an electrostatic and a van der = | @ ® ¥o=0omv There are conflicting predictions, based on theoretical and numerical approaches in literature
~ 2 m e Waals . cqntr!butlon nthe Derjaguin's ff o © N \PS:'1 mv concerning the effect of surface roughness on van der Waals interaction. While Bhattacharjee
The electric field strength decays with the N {-0.4 approximation: E ol o - : is;fomr:m/v et al. find that van der Waals interaction is reduced by roughness [3], Walz et al. predict that
distance to the interface, z, as: - | [{-038 D (2) m, . —d ) g o ° . quz_zo v the stabilizing barrier between two particles is reduced by roughness, keeping the surface
~1.2 =——0gZ+Dbexp—aKk ~ charge unchanged.
. { ) } ", iy kT  kpT g p D o g g
= Lo €XPy—3 2 : : : L
| O S afem T A {R P S ln( ’ )} 0 S —— expetionce a more pronounced van der Wl atiraction by a glass wall than smooth partcles of
2 . . . X / nm —
where k/2 = Tn\/(m sina;)? — n3 is the inverse 6 (d d+2R d + 2R - the same material. This finding appears to support the second scenario.
penetration depth of the evanescent field Figure 1. Incident, evanescent and where m,, is the buoyancy corrected particle mass, 0.00 0.25 0.50 0.75 1.00
strength. reflected electric field at a glass/air o . . R)/R D af
THe electric feld is scaftered by dielectric interface. Image taken from Woods et al. g the gravitational acceleration, d = z — R with R the (z-R) References
Y (2014) Soft Matter, 10, 1071. particle radius and k! the Debye screening length. P. Holmgyist, J. K. G. Dhont, P. R. Lang, J. Chem. Phys. 2007, 126, 044707 1-8. DOI:10.1063/1.2431175.

particles that are sufficiently close to the _ _ T _ _
interface B = B(¥,) is the amplitude of the electrostatic interaction and Ay the Hamaker constant, both in

thermal units, with the particles’ electric surface potential V..
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