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Figure S1. FTIR-ATR characterization of the leaves of R. canescens. The mainly surface

composition of dried leaves of R. canescens is cellulose.
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Figure S2. Contact angles of flat surfaces and WMPSs before and after hydrolysis. Cellulose
acetate represents the sample without alkaline hydrolysis treatment. Cellulose (dry) represents
the sample after alkaline hydrolysis, followed by oven-drying at 60°C for 1 h to remove moisture.

Cellulose (wet) represents the hydrolyzed sample stored in water, with only surface moisture
blown off before measurement.
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Figure S3. Representative SEM images of WMPS prepared with pre-stretching strains ¢ = 0,
10%, 20%, 30%, 40%, and 50%.
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Figure S4. Variation in spreading velocity on different surfaces. WS refers to the wrinkled

surfaces without micropillar arrays. The superspreading process is enabled by the hydrophilic
micropillar array, while the wrinkles accelerate this process.
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Figure S5. Spreading kinetics of different liquids on WMPS.
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Figure S6. Theoretical model for dynamic water spreading on WMPS. (a) Side view of the

microscopic spreading process. (b) Top view of the microscopic spreading process. The dashed-

line box defines a structural unit, which is a square with side length p.
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Figure S7. Weight loss curves of water in dark environment.
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Figure S8. The water film on the wet-state WMPS creates a slippery interface, enabling oil
droplets to slide off.
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Figure S9. Roll-off angles of various oil droplets on the slippery WMPS surface.
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Figure S10. Demonstration of the self-cleaning capability of the WMPS against oil droplets.

After immersion in water, the oil droplet on the WMPS dewets and detaches spontaneously,

whereas on other structured surfaces, the droplet ultimately remains pinned.
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Figure S11. SEM image of the WMPS fabricated using PVA hydrogel as the casting material.
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Comparison of water dynamic spreading on WMPS and SMPS.

We first consider dynamic spreading in the SMPS, that is, smooth micropillar array arranged

inside the square lattice.! The roughness (») occupied by the pillars is expressed as

mdh
r=1+——

p’ (S1)
where d, h and p represent the diameter, the height and the pitch of micropillars, respectively.

The volume fraction of the solids () is expressed as

nd?
p,=—=0.09

4p* (S2)

The evolution of the front can be derived from the Onsager principle.> Assuming the wetted area

has a length L and a width W, the free energy of the system is expressed as
E=yLW[(1-¢,) - (r-¢)cos ] (S3)

where y is the surface tension of the liquid and @ is the intrinsic contact angle of the substrate
material.

Substitute Equation (S1) and Equation (S2) into Equation (S3), the free energy of the system is
expressed as

Lw
E =-ndhycos 6 —
p (S4)

The change rate of the free energy is expressed as

w.
E=-mndhycos @ —L
p (S5)

The resistance during liquid spreading on micropillar-arrayed surfaces originates from two
distinct mechanisms: micropillar-induced shear resistance and substrate interfacial resistance. For

a square array of cylinder, the frictional force on one cylinder is expressed as

F. = hf(pguv (S6)
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where f ((ps) is a numerical factor.3 For #s = 0'09, f ((ps) ~ 25. The dissipation @, caused by
micropillar-induced shear resistance is expressed as

., LW

D, =Shf(Q)ul”—-
p

N| -

(S7)

The substrate resistance per structural unit, derived from Newtonian shear stress formulation 7 =

u(0u/oy), is expressed as

P ;w(4p2 - rtdz)
b 4h (S8)

The dissipation @, caused by substrate interfacial resistance is expressed as

1 2 g2y
= p@p”-nd) 15
8 2
hp (S9)

The evolution of the dynamic spreading front is given by d/dZ (£+ @) = 0. This leads to

. 4ndh2ycos (7
LL= 2 2 2
ﬂ[4h f(gos) + 4p° - nd ] (SIO)

The front propagation follows the standard Lucas-Washburn scaling

/ 8ndh2ycos 6 .
\/u[ll-hzf((ps) + 4}?2 - ”dz] (S11)

L;=

where L; is the dynamic spreading distance in the micropillar array.

Then, we take the surface wrinkles into consideration. We assume the WMPS surface has
uniform sinusoidal wrinkles, where the arc length S in one wrinkle period 4 satisfies the

geometric constraint
S=ni(n>1) (S12)

The roughness (") occupied by the pillars and wrinkled is expressed as

nmdh
2

p (S13)
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The volume fraction of the solids (¥s ) is considered to remain unchanged

nd?
(ps = (ps - _2
4p (S14)
the free energy of the system is expressed as
LW
E' =-nmdh ycos 08 —
p (S15)
The change rate of the free energy is expressed as
. w.
E'=-nndh ycos 8 - L
p (S16)

1

The dissipation P, caused by wrinkled-micropillar-induced shear resistance is expressed as

-, LW

@, = nhf(p,)u >
p

N|

(S17)

The dissipation Py caused by wrinkled-substrate interfacial resistance is expressed as

. 1n,u(4p2 - ndz) Y
o, —8—2L Lw
hp (S18)

The evolution of the dynamic spreading front is again expressed as

/ 8nndh2yc059
L”:\/ 2 (p) + n(ap?—ndD)]
Ii[ f(‘Ps) n(4p®-n )] (819)

Therefore, the ratio of spreading speeds on WMPS (Vii) and SMPS (Vi) can be concluded

Vi Ly j 4(n- 1)h2f(<Ps)
= [1+

v.oL 4R f (@) + n(4p® - nd?) (S20)
Given the geometric constraint P = d, 1> 1 and fes) > 0, our analysis proves
V>V (S21)
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This fundamental analysis demonstrates that the engineered wrinkles on WMPS enhance the
water spreading velocity compared to SMPS.
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