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Kinetic crossover of rough surface growth in a colloidal system
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The scaling behavior of the surface of polystyrene colloidal particles depositing on the contact line between
the colloidal latex film and the glass substrate is studied. We analyzed the morphology of the formed surface
and the scaling exponentsand 3, defining the surface widtv(L,t)~L*f(t/L*?). The value of roughness
exponenta changes from 0.5 in a time regime to 0.71 at later times of the depositing process. To our
knowledge, this is the first experimental evidence of a crossover phenomenon of rough surface growth in a
colloidal system. The underlying physical reason for this phenomenon is sugd&itef3-651X96)10410-4

PACS numbsgs): 68.45-v, 05.40+j, 82.70.Dd

I. INTRODUCTION tion with visible light. Motivated by the rapidly increasing

interest in rough surface growth and far-from-equilibrium

Stochastic growth phenomena observed in a wide variet henomena, we use a colloidal system as a model of molecu
of natural and industrial dynamic processes such as cryst ’ y
ar level surface growth.

growth, vapor deposition, electroplating, etc., lead to the for- . ) i i
mation of rough surfaces and interfadd3. Understanding Here we present experiments in which polystyrene colloi-
the dynamics of the formation and growth kinetics of roughd@l spheres deposit to the solution wedge close to the contact
surfaces is one of the most challenging problems in surfackn€ between the colloidal latex thin film and the glass slide.
science. Recently, it has been realized that stochasticallf) these experiments the colloidal particles form a rough sur-
growing surfaces exhibit nontrivial scaling behavior andface. The analysis of the surface profile and the exponents
evolve naturally to steady state having no characteristic tim@btained support the scaling theory. The experimental results
and spatial scales. So, the general scaling theory has be#icate the presence of two regimes of scaling behavior dur-
employed to describe and understand such surf@je®ar-  ing the rough surface growth process. Initially, the growth
ticularly, the fluctuation on surface can be described by the&an be described by the standard EW md8él The rough-
function h(x,t), which gives the height of the surface at ness exponent maintains 0.5 for a period of time before a
position x and timet from the original flat surface. In the crossover tax=0.71 sets in.
case where the surface cannot be expressed by a single value

function ofx, the functionh(x,t) gives the maximum height

of the surface ak. The surface width on length scaleat

time t is defined as the standard deviatiom(L,t) video
=((h?—(h)?)’2, and is expected to obey the scaling law I

w(L,t)=Lef(t/LYP), (1)

wherea and 8 are the dynamic exponents, and the scaling

function ,
micro-
scope
f xP for x<1
X)~ 2
(x) const for x>1. @
Initially, the surface width grows with time due to the vedge
build-up of fluctuations according (L ,t)~t#. After some
time, the surface reaches a steady state, and the width obeys -0 0 0 o=
a power laww(L,t)~L“. A considerable number of com- l glass substrate ]

puter simulation and theoretical stud{ds-7] have been car-
ried out, but there is far less experimental evidef&je

The colloidal system is a good model system for the study FIG. 1. Experimental setup of rough surface growth, the colloi-
of the dynamics of crystallization and aggregatih due to  dal spheres deposit to the liquid contact wedge and form a rough
the slow growth rate of colloidal crystals and easy observasurface.
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FIG. 2. Snapshots of depositing process form-
ing a rough surface, the arrow (o) shows where
surface diffusion takes place.

(d) 170 sec (e) 204 sec (f) 306 sec

Il. EXPERIMENTAL SETUP The monomers still are driven into the surface, instead of
random ballistic deposition, the particles transport trajecto-

The polystyrene latex spheres 6f0.8 um diameter, r_ies now are Brownian.

which we used in our experiments, are synthesized by emu The video pictures are digitized with a resolution of

sion pqumerization. The polydispersity is better than 2%’512>< 512 pixels. The surface is defined as the set of the
which is stabl_e due tq the double charge Igyers on the Surﬁighest positions in columns of the occupied pixels from a
faces of colloidal particles. The particles will not aggregate traight reference line. The exponedas obtained by de-
in the usual case. Before experiments, the latex is purifie :

: o RS .~ termining the standard deviation of the surface heights ver-
g;?gstovfrga\éegcjgfggf;;ugtr:: as free emulsifying, INOrgaNICy s time. Figure 3 shows that the surface width grows with

. . . time. From the power law fitted to the data we get the value
The experiments are performed on a colloidal solution

- ; ; of B. The scaling exponeng=0.26+0.03, averaging over
thin film mounted on a glass slidesee Fig. 1 The glass five different samples.

slide is well cleaned so that the solution wets on it to form a . .
To extract the roughness exponentwe investigated the

very thin film. The colloidal spheres deposit to the liquid . )
contact wedge once the thin film is formed. The process iéength scale dependenpe of the rms widift.) of the satu
rated surface where, in the experiments at hdnds the

observedin situ through an optical microscope equipped length of line segment under examination, smaller than the

with a video system for imaging processing. straight contact line to avoid boundary effects. Figure 4
shows the plots of saturation width as a function of length
IIl. EXPERIMENTAL RESULTS AND DISCUSSIONS scale at different times. Figure 5 depicts that during the
) ) ) .. whole deposition process, the valuesmithanges with time.

Direct observations show that once the colloidal thin film e results for different samples are the same.

is formed, the colloidal particles begin to rain into the con-  Erom the results obtained above, it can be seen that the

tact wedge. The thickness at the center of the film is mea-

sured to be about 10@m, whereas near the edge of the film

it is much thinner. The volume concentrati@uarticle num- 1.2

ber density is controlled to be about 5%. The deposited

spheres form a two-dimensional colloidal crystal along the

contact wedge. The typical surface in a deposition process is

shown in Fig. 2, from which it can be seen that the particles

move from top to bottom and deposit in the wedge forminga <<=

close-packed two-dimensional crystal. The surface we study <

in this paper is the up surface of the crystal. It is not clear 2

now what mechanism makes the colloidal particles aggregate =

near the contact wedge. We also observed the phenomenon

that particles landing on the pedkss indicated by the arrow

in Fig. 2(c)] would tend to roll down to valleys, which means

that the valleys may receive more particles. We think that . L . . . .

this phenomenon is expected to lead to a smoother overall

surface just like the gravity smoothening effect in the EW In t

model. At the beginning of the deposition process, the sur-

face is being driven through the colloidal solution film so  FIG. 3. In-In plot of the surface width versus timefor one

fluently that there are no severe pinning events. After a pesample. The line fit of the data is the value@fB=0.267 for this

riod of time (about 200 seg¢ the surface is advancing slowly. typical case.
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FIG. 5. The variation of thexr with time during the depositing
FIG. 4. Double log, plot of w(l) andl. The roughness expo- ,.ncess. A crossover af from 0.51 to 0.71 is evident.
nenta describing the scaling of the surface is determined from the

slope of the straight line to the dat@ «=0.51 att=100 sec;(b)
a=0.71 att=300 sec. Here,F is the driving force, which may be originated from
the water flow from the center of the solution film to
rough surface growth in the colloidal particle deposition pro-the contact wedgeF decreases with time in the whole
cess obeys the scaling Id&q. (1)]. What surprises us is that depositing process. In earlier times, the advancing surface
the roughness exponent changes from 0.5 to 0.71. is strongly pushed by the driving forcd&>(7?). Here,
A physically reasonable model for describing the evolu-we can write h=h+Ft, so Eg. (5 becomes
tion of the profile in the surface growth was first proposed by jiy; 5: — , v

Zh+ p(x,Ft) [13]. In this regime the surface i
Edwards and Wilkinsoh3], 7(x,Ft) [13]. In this regi sur 1S

being driven quickly and fluently; the particles randomly de-
posit to the surface with ballistic trajectories. Equati@n

oh =1V 2h+ p(x,t), (3)  reduces to the usual EW scenario with uncorrelated stochas-

ot tic noise[Eq. (3)], with the standard EWor KPZ) saturation

width exponenta=0.5. After a period of time, the driving

whereh(x,t) is the height of a growing surface thdimen-  force decreases noticeably. So once the advancing surface
sion spacey is the_ relaxation coefficient, angl is the sto- ~encounters an obstacle, it becomes temporarily pinned at a
chastic noise driving the growth. The above EW equationaicylar site. At the same time, nearby opposing segments
includes both random deposition process and surface relax the syrface continue advancing and will pinch off the pin,
ation, by |n'clud|ng the (;hffusmn tgrm. Employing Fourier effectively generating the lateral growth mechanism associ-
transformations, calculating(L,t) yields that ated with the {7h)?2 term. In this growth regime, the height-
height correlation of the surface becomes stronger. So the
roughness exponemnt becomes larger. In numerical studies
based on Eq(5) [12] the calculated exponeni is close to
oﬂgf value 0.71 which we found experimentally.

a=(3—d)/2, B=(3—-d)/4. 4

In our cased=2, 8=0.25, andae=0.5. KPZ theory gives
the same results. It can be seen that the exponents obtaine
earlier times in our experiments are approximately equal to
the theoretical results, which shows that the E§V KPZ2)
model captures the essential physics of the random deposi- IV. CONCLUSION
tion process with the finite surface diffusion. Unfortunately,
the scaling behavior at later times cannot be explained by th
EW (or KP2) theory.

Motivated by the fact that in later times of our experi-

We present a colloidal system which displays a rough
Surface growth processn situ observation shows that the
surface growth can be separated into two regimes. In the
. i : earlier times, the random deposition and the surface smooth-
ment; the particles move to the surface with Brownian tra"mg effect due to the surface diffusion are two characteristics
jectories and some pinning events are obseryed at the 9rowt the growth. In this regime, the scaling exponeatand
ing surface, we try the following EW equation subject tOB are calculated to be 0.5 and 0.26, respectively, which is in
quenched noisgl1,12: agreement with the ordinary EW model. In the later period of

time, the surface is being driven through the colloidal solu-
@=vvzh+n(x,h)+F (5) tion film and there are some pi_nnin_g events. This feature
at leads to lateral growth mechanism in the surface. In this
situation,« is 0.71.
with In order to explain the crossover phenomenon between
these two dynamic scaling behaviors, we apply E5).to
(n(x,h)n(x",h"))=8(x—x")8(h—h"). (6)  describe the growth. The scaling behaviorasf 0.5 can be
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