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1. Evaporation on oil-coated substrate

For a droplet with a defined volume depositing on the substrate, the evaporation rate can be

obtained from the loss of volume through a liquid-air interface:!-

‘;—f= —1;) fvc-ds (S1)

Here, D is the diffusion coefficient of the vapour and p is the density of liquid. On oil-coated

hydrophobic surface, we assume the evaporation process of the sessile droplet in a constant contact

angle mode:
av _ _mRD(ec)  g(0) (S2)
dt p (1+cos 6)?2

(¢s-c,)/R is the vapour concentration gradient from the droplet to the atmosphere through the

liquid-air interface of the droplet. 8 is the contact angle at the droplet base line. g(8) is defined by

cosh2 or
sinh 2nt

g(0) = (1 + cos 6)? {tang +8 Jm tanh[z(n — )] dr}.
0

av

= —Ah(E)f (6,) (53)

dat

8(6,)
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Here, A = nD(c-cy,) / p, f(6) = h(z) = R(1 —cos4,).

Jian et al.? have reported on slippery liquid-infused surface (SLIPS), the droplet evaporation

meet the equation of (the constant contact angle):

= = —\h (S4)
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Here, hy = h (z = 0), and A, is the initial height of the sitting droplet. For droplet evaporation
on an oil-coated hydrophobic substrate, oil forms a wetting ridge around the droplet. As the
evaporation only happens above the height of wetting ridge (4,), the evaporation of droplet on the

oil-coated surface was reduced with a factor of [1 — A,/ h,],

v _ — M [1 — E] (S5)

dt h

Equation 4 can be rewritten as

av

= = =M f(6,) (56)
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O e R B (S7)

Here, V(z) = §R3ﬁ(ez), B(0,) = (1 — cos6,)*(2 + cosb,).

In Figure S2b, the evaporation curves of droplets evaporate on oil-coated surface shows a largely
delay compared with that on bare glass surface, indicating the evaporation is reduced by the oil
film; V (£)*? varies linearly with the evaporation time ¢ on both oil-coated substrate and glass

substrate.
2. Enrichment of particles at the interface and the apparent CLLA

One interesting point is, the colloids prefer to accumulate at the apparent liquid-air interface
rather than escape to the bulk liquid. This is determined by two factors: The particles were captured
by the liquid-air interface. The particles trapped by the interface hardly escaped because of the
strong binding energy AE between particles and the liquid-air interface. (1) Suspended particles
were driven to the liquid-air interface, as an upward flow generated inside droplet and captured by

the descending liquid-air interface during evaporation; (2) Particles trapped by the interface were
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in a thermodynamically stable state because of the strong binding energy AE between particles and
the liquid-air interface. For each particle trapped at the liquid-air interface, the liquid-air interface
is reduced by a radius of R, the corresponding energy for particle is AE = —nR2y0(1 -, -
yl)/yo)2 where y,, 7,, 7, is the interfacial tension of liquid-air, particle-liquid and particle-air
interface, respectively.** We assume that the particle was nearly equal affinity for water and air.
For micro-sized particles, the binding energy AE ~107'° mN-m, larger than the Brownian motion
of particles ¢ = kg7 =102! mN-m. Here, kg is the Boltzmann’s constant and T is the absolute
temperature, 7 = 298 K. Consequently, particles trapped at the liquid-air interface were more
likely to stay at the interface to keep their thermodynamic stability, as well as nano-sized particles

(AE = 10" mN-m >10-2! mN-m).

In addition, the dispersed particles were more likely to flow to the apparent CLLA, which
indicates a higher evaporation flux shown at the CLLA. According to Deegan et al. and
Gelderblom et al.,%’a higher evaporation happens near the contact line, as the evaporation flux J

R-r
Rcos 6

A =
~A(0) Dlesex) .Here,r— R, 1 = 20 . For a droplet evaporates on the oil-coated substrate,
R 2n-260

we consider the evaporation near the oil ridge are the same situation. A higher evaporation occurs
at the CLLA. One thing to note, we have neglected the particle-particle interactions at the liquid-

air interface in this study.
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3. Supplementary figures
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Figure S1. Surface wettability determines the behavior of sitting droplets and the oil film
underneath the droplets. Optical images of colloidal droplets (10 xL) on the (a) hydrophilic and
(b) hydrophobic substrates in silicon oil atmosphere (silicon oil with a viscosity of 100 cSt). An
interference pattern captured by the reflection light through the pinhole from confocal microscope
(A = 458 nm, 20x oil-immersion objective) on oil-coated hydrophobic surface(c) while no
interference pattern observed on oil-coated hydrophilic surface (d). (Bright spots: Fluorescent PS

particles, 2.5 um).
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Figure S2. Droplet evaporation on oil-coated surface. (a) A schematic of the cross-section of
droplet on an oil-coated surface. An “oil wetting ridge” formed at the base of droplet. (b) The
evolution of 0.1 L droplets evaporating on a glass substrate and oil-coated surface. The fit curves
show the volume of droplets (¥(t)*?) with the function of time. Colloidal solution (3.0 zm PS, 0.15

vol%) were deposited on surfaces to study the evaporation behaviors. The oil coated on surface

has a viscosity of 100 ¢St and the initial thickness is 20 ym.

t= 0.65 I,

Figure S3. Snapshots of 0.2 uL droplets of colloids dispersion (0.15 vol%) evaporate on (a) oil-

coated hydrophobic and (b) oil-coated hydrophilic surfaces, captured by the inverted confocal

microscope from the bottom. #r: the total evaporation time.
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Figure S4. “Phase” diagram of the suppression of coffee-ring effect on oil-coated hydrophilic
surface, depending on the thickness of oil film and the viscosity of oil. Uniform depositions are
marked as hollow triangles (A); Coffee ring patterns are represented with crosses (X ). Dashed

black lines represent the critical oil thickness.
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Figure SS. Deposition features of droplets dispersed with polystyrene particles (3 um, 0.2 L) on
oil-coated surfaces. a) Depositions on oil-coated HB surface (initial oil thickness: 20 gm). Initial
concentration of the dispersed particles from left to right are 0.015, 0.1, 0.3 to 1.5 vol%,
respectively. b) Depositions on oil-coated HL surface. Columns increasing thickness of oil film
(from 3 to 50 um); Rows present the initial concentrations of the dispersion increases from 0.015

to 1.5 vol%. Scale bars: 100 gm.
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Figure S6. Transportation of particles in an evaporating droplet. Different particles are marked in
different colors. Small arrows illustrate the direction of particles motion. Color scheme: Orange:
Fluorescent polystyrene particles; Yellow: oil phase; Cyan: reflection of interfaces. Upward

arrows: Upward flow pattern generated inside the droplet.

Figure S7. The 3D reconstruction of particle assembly inside the evaporating droplet on oil-coated
HL surface. (Initial droplet volume: 0.05 xL; initial concentration is 0.1 vol%. ¢r: The final drying

time. Imaged by inverted confocal microscope, with a 20x multi-immersion objective).
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Figure S8. Fabrication of pill-like supraparticles by evaporating polystyrene solutions with
different sizes on oil-coated hydrophobic surface. a) 486 nm, 0.1 vol%; b) 68 nm, 0.1 vol%. Left
and right images show the top and side view of the supraparticles, respectively. Insets: the

magnified images of the surface of supraparticles. Scale bars: 100 #m; Insets: 1 gm.

Video S1: 3D laser scanning confocal video sequence of droplet change due to evaporation. The
upward movement of the tracer particles (PS, 2.5 um fluorescently labelled, see main text) due to
the evaporation at the air-liquid interface is clearly visible. The oil viscosity: 100 cSt; oil
thickness: 20 um. The initial volume of the droplet: 0.05 uL. Observed with a 20x multi-

immersion objective, in xzt mode.
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