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Surface coating technologies used nowadays tocktlernano-scale patterning is a main issue to figets.

To make structured patterns, people use differemthads: from the top-down point of view,
photolithography and electron-beam lithography wed-developed. However, the parallelization and 2-
limitations are challenges for the next generatierom the bottom-up point of view, self-assembly by
evaporation is one of the promising ideas to faltecnano-scale patterns [1-3]. Droplet drying hesnb
widely investigated in fundamental studies [4-5Pdor various applications, like biochemical oné$.
Despite the simplicity of this geometry, its phydidescription remains quite complicated. Indeeddtying

of a droplet is a non stationary phenomenon sitgevolume decreases and the non volatile solute
concentration increases. In dip-coating configorati[7], also widely used in industrial coatinggesses,
the concentration of the liquid bath remains camsto that a stationary phenomenon can be observed.
Moreover, it offers a new experimental parametet th the velocity at which the plate is withdrafmom

the bath. This configuration can then help to beattescribe and control the different phenomena dnat
exhibited in patterning.

In our study, a dip-coating-liked setup was coreded. The benefits compare to spin coating andleli®p
drying are 1. to control several parameters “indelatly” ” (contact line velocity, evaporation rataulk
concentration) 2. to get a steady regime. At higeesl, the viscous force dominates; the coating $oam
continuous layer and the thickness is proportibmahe speed to the power 2/3 (Landau-Levich redifije
At low speed (low capillary number), stick-slip noot and stripe patterns are obtained. This is malok to
evaporation and convective self-assembling prodeghis paper, we focus on low capillary numbet@4.
We use silica suspension in water. Based on owiqure results [8-9], we studied the pinning foroel ghe
pattern periodicity by systematically varying selgrarameters: the receding contact line velogéarticle
concentration, and pH of the solution. Results skimat there is a power law governing the pinningédo
the electrical surface charge changes the deposit@phologies significantly, but not the pinnirgde.

Experimental setup:

Unlike in classical dip-coating method where a #uaibe is withdrawn from a reservoir which contains
coating materials we do the opposite way —i.e. pgmp out the solution from the reservoir and fig th
position of the substrate. Figurel shows the masigh of our experimental setup: a sandwich deviade

of two paralleled glass plates separated by 1mrespa vertically immersed into a reservoir whicntins
the colloidal suspensions. Due to the 1mme-thin gagxe is a spontaneous capillary rise. By pumpurighe
solution, the contact line velocity has been vafiedn 0.5um/s to 20um/s. The planar dimensionshef t
reservoir are 3.06 cm x 8.52 cm. This is sufficiéort the reservoir to be assumed infinite. An &
(0.77m/s-1m/s) is controlled by a fan. The wholstes is put into a closed box thermally insolatéere
the temperature and humidity are controlled by $istem. Temperature can be varied frd@ & 70C,
and humidity from 10% to 80%. By adjusting the temgture, humidity and the air flow speed, we can
control the evaporation rate in the range 0.01—3r2s.

We used commercial suspensions of silica particlesater (Klebosol from AZmaterials). Particle sige
92nm (Std=9nm) measured by dynamic light scatterlfgyprepare the desired concentration we use pure
water to dilute the initial solution. A pH 2 buffevas prepared by diluting Nitric Acid (sigma-aldric
438073) in pure water; while Acetic Acid (sigma+atth 320099) was used for ph4.
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Fig. 1. Scheme of the experimental s.

Glass plates are cleaned by “Piranha” solutior2@min then dried by nitrogen flow. At the beginnioigthe
experiment, the receding contact angle i°-15° degree due to contamination by the environment.
record the movement of the contact line duringtadl experiment by a CCD camera (AVT Marlin F13.
with resolution 1280 x 1024 pixel. Images are armedly by Igor software. The dried deposits
characerized by optical profilometry.

Resultsand Discussion
1. Pinning force measurement

For very low velocities, a strong st-slip motion of the contact line is observed. Anrapée of the contac
line displacement versus time is shown in Figueed line) where a periodic movement can be obse
What we define as the stick motion is the periodrmiuwhich the velocity is much smaller than thermage
velocity (blue arrows)the slip motion is the period during which the \o#ipis much larger than the avere
velocity (black arrows). Theelocity shown by a green dash lireconsidered as the equilibrium posit
that would be obtained for pure water. We measwartaximum pinning force by using the deviatiomhai
contact line from the equilibrium position, justftse unpinning occurs:, = %2 pgeAh, wherep is the
suspension density, g is gravity, e is the distdrte/een the two glass ple. In previous studie performed
at pH 9 with 76nm silica particles-9], the following empirical law has been obtainedthe pinning force

(1)
Fo _ 4PV
. . H/ VvV . .
wherey is the surface tension of watab, the solute volume fraction, e, the evaporation ratand V the
contact line velocity.
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Fig. 2. Definition of stickslip andpinning force



2. pH effect on pinning force

To study the influence of theH valu¢, we change it from pH1 to pH9. Tleéectrophores versus the pH
value is shown in the inset figure &. Despite the clear effect of pH on electrophoresibitity, the pinning
force does not depend on the pH and all the pgatiser around the same master e shown by the solid
black line, whichrepresents parameters relation in Ec
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Fig. 3.Scaled pinning force as a function of velocity normalized by evaporation rate and volume frat.
Inset figure is the electrophoresis mobiof the colloidal suspensiorersus the ptvalue.

3. pH effect on morphologies

To control the coating morphology is one of ourgmges. While the pH does not modify the pinningédc

it can affect the deposit morphology significantlhe two following images f the deposition of silica
colloidal suspensions have been obtained with @ineesreceding velocity, evaporation rate and partcte
[Fig.4.]. The left image is at pt and the right one is at pHAs can be seen, foH9 the cross section of the
depositshown below the 3D image has smoother contour.elongve length, and qu symmetric shape.
For pH2 the deposit is much sharper at one side; whichsnggest an important influence of the pH on
formation of the deposit.
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Fig.4. 3D images obtained from profilemeter measer® of the colloidal depositions under differeft
values. The lower images are the cross sectiorouptibe of the morphologie



In figure 5 we plot the wavelength versus the ndimad velocity. The wavelengths obtained with hjgt
are always larger than the ones obtained with sphéll
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Fig. 5. Wave length of colloidal deposit under éiéfint pH values. Particle diameter is 92nm.

Conclusions

For low capillary numbers, we have studied thekstlgpp motion of nano colloidal systems when drying
drives convective self-assembly. The results shwat with different pH values, we get the same pigni

force but different wavelength and morphologieseSénpreliminary results ask for deeper investigatib
the formation of the deposit.
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