CO2Wetting on Pillar -Nanostructured Substrates

Jianyang W " Ingrid Snustad; 3Asmund Ervikd Amy Brunsvold Jianying Hé andZhiliang Zhang”
INTNU Nanomechanical Lab, Norwegian University of Science and Technology (NTNU), Trondheim 7491,
Norway
2Department of Physics, Research Institute for Biomimetics and Soft Matter, Jiujiang Résstitude and
Fujian Provincial Key Laboratory for Soft Functional Materials Research, Xiamen University, Xiamen
361005, FR. China

3SINTEF EnergyResearch, P.O. Box 4761 Sluppen, 7465 Trondheim, Norway

Abstract: CO» captureby dropwise CQ condensation on cokblidsurfaces is a promising technology.
Understandinghe role of nanoscale surface and topographical features on theér@et wetting
characteristics is of importance for €€apture by this technology, but thismains unexplored yet.
Here, using largscale molecular dynamics (MD) simulatiotig contact angle and wettibghaviors

of CO; droplets on pillasstructured Cdike surfacesare for the first time investigated. Dynamic

wetting simulations show that, lehanging the strength of the seliduid attractione;, o, , Smooth

Cu-like surface offersitransition from C@-philic to CQ-phobic. Byperiodically pillared roughening

of the Culike surfaces, however, a higher contact angle and a smaller spreading exponent of liquid
COc droplet are realized. Particularly, a critical crossover of-gi@lic to CQ-phobic can appear. The
wetting of pillar@l surfaces by liquid C&droplet is noruniformly proceeded. The liquid Gd@roplet

is capable of exhibiting a transition from the Cassie state to the Wenzel staiecvetisinge,, o,

increasing intepillar distance and increasing pitl width The wetting morphologies of metastable
Wenzel state of the CGQdroplet are very different from each other. The findings wmilborm the
ongoing desigmf COx-phobic solid surfaces for practical dropwise condensditased C@capture

applications
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1. Introduction

Carbon dioxide (C@) is one of thgaredominantgreenhousgasesn strengthemg the global climate
changeRemarkableeductionin anthropogenic releasé CO; gasis urgently requiretb mitigateand
reversethe global warming proce$sr environmental protection and sustainable developr@nthe
other handCQyis also an importardubstancdor versatilepracticalapplicatiors, for example, as a
carbon source for producing many chemital€arbon capture and storage (CCS) from lacae
emission sources not only bringsonomic benefits balsomitigates global climate change concérns
°. As a key step in the CCS process, the Edpturedominates the total c§sfTherefore, developing

a practical and economically viable approach fop €bture is currently not only a scientific research

interest but also a social issue for environmental protection.

In the past few decades, there have been a number of techniques proposed daptGr@,
including physical/chemical absorption, adsorption, membrane, gas hydréte, Htevever, each
standalone technology is facing several challenges. For instance, the drawbacks of alimsgtion
technique include high corrosion rate of equipment, degradation of solvent, negative environmental
impact ofsolvent emission, etc®1%. Adsorptionbased C@capture process shows disadvantages of
relatively low CQ selectivity, low adsorption rate, sorbent degradation, attrition in cyclic operation,
intermittent operation, and so A2, Membranebased approach is plagued with requirement of
compression for driving force, requirement of high selectivity, fouling effect, high surface area of
membrane, moisture induced low permeability of polymembrane, et¢!’. Hydratebased CQ@
capture shows low efficiency due to other molecules trapped iclatieratecage structures and
secondary pollution aflathratehydrate promotéf2°. As a result, there is thus still a request to develop

alternative caseffective methods for largecale CQ capture.

Very recently, inspired by that bulk water is collected from fog or humid air atmosphere through
water droplet condensation on solid surfaces with hydrophoBicpr hierarchical nanostructurés

24 apromisingtechnology ofCO; capture based on dropwise £&ndensation on cooled structures
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was accordingly sygested?®. Similar to the case of water, it is expected that liquic @Oplets
nucleate onteold CG-phobic surfaces in a G@apor environment. Undéhe action of gravity and

gas streams, nucleated/condensed droplets can be readily collected from the surfaces, enabling ¢
potentially improved lowtemperature capture technique.key advantage ofhe lowtemperature
process is that the captured £i® produced directly in the liquid state and does not need energy
intensive processing before it can be transported aWabenefitof CO, capture by this technology

is controlled by the C&phobicityof contacting surfaces. Particularly, the wettability, evaporation and
condensation of Cgsolid wall systems play a key role in this novel technology. Becausés©@en

utilized in petroleum engineering, for example, Zhanced gas and oil recovéyO,-EGR and
CO»-EOR) in depleting petroleum fieltls°, a large number of experimental and theoretical
investigationshave focused orthe wetting properties in confined structures under different
environment&“°. As an example, using molecular simulatioih® microstructuresjynamics, and
recovery rate of COEOR innanochannels were investigatedsing largescale molecular dynamics

(MD) simulations, in the presence of a bulk agueous phase, supercriticdbi@@ a nonAwetting

droplet above the hydrophilic kaolinite surface, wheiiadhe presence of bulk supercritical £@on

wetting agueous droplets interact with the hydrophobic kaolinite surface via a mixture of adsorbed
COz and HO molecule¥. It is also revealed that the presence ot G&s alters the wetting behaviors

of water droplet on solid surfac&s3® 442,

To date, howevefundamentatesearclonthe wetting, evaporation and condensation behaviors
on solid substances 0O, atmospheravithout confinemenarelargely limited, but this is of crucial
for dropwise condensatiemased CQ@captureAs is welkknown, by engineering micrnanactextured
surfaces, hydrophobic surfaces can become more hydrophobic, or evetyirpphobié¢>*6. A
guestion immediatelyresses as to whether textured structures will alteardranceéheir CQ-phobicity

similar to hydrophobic surfaces? In the present work, the contact angle and wetting behaviors of a CO
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droplet onCu-like solid substrate with pillastructured surfaces are for the first time characterized by

means of largscale MD simulations.
2. Models and Method

Because copper (Cu) material shows excellent heat transport properties, a Cu substance is considere:
into investigéion in this study. To examine the effects of surface roughness on the wetting
characteristics of C&droplets, five distinct nanotextured surfaces that are structwtasdisacterized

by a square pillar array with constant height 100.0A, varying widthw and intefpillar spacingw

in the range of around 10:771.4 A, are generated. In addition, a flat surface is also created as a
reference. Figure 1a and b sksthie molecular models containing a smooth surface and a pillared
surface withw = 71.4A, respectively. All investigated substrates are composed of Cu atoms with face
centereecubic fcc) latticedarrangemerdnd show identical horizontay dimensions of 428.6 428.6

A2. The top surfaces of all substrates are the (100) surface that showsrfave energy. A cuboid

CO, droplet withfcc latticed arrangement is initially placed over the surface with a gap Af The
droplet relaxes into a spherical liquid shape in the initial part of the simulation before touching the
solid surfaceFigure 1gresents an atomic model of partial piructured surface witH = 100.03

andw = 71.4A.

To describe the interactions of atoms in the systems, a hybrid forcefield is employed fEo€the
substrate, a maryody forcefield of the embeddedommethod (EAM) is utilized to mimic the
atomic interactiorfé. Based on this EM potential, the total potential energy of a metallic system is
expressed 4%

1.. .
E=~4 u(y)+ au(r)
) ) ®

whereU (r,) andU (7;)are a pairwise potential with respective to the atomic distance ofiatnth

|, and he embeddingnergyfor placing an atominto the host electron density that is calculated from
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other atoms in the system. This EAM forcefield reproduces the structural and mechanical properties

of perfect and defectsontained Cu materidis

With regard to the case of GG coarseyrained (CG) forcefield nameas SAFT-0 Mie potentiaf®
is employed to describe the intermolecular interactions of thes@€em. The function of the SAFT
2 Mie potential is mathematically written“ds

Bs 5 A
(4 a)

e(d)=ec( £ JES § 2

with

®3)

whered, eand s are the distancbetween CG C®molecules, the well depth of th\die potential

and the diameter of the CG g@olecules, respectively. In this study, the parameterg, and/,

in the Mie potential of CG CQ@ particles are taken as 3.741, 6.66 and 23.0, respeéfivitlyvas
showed that the SAFJ Mie potential with those parameters can efficiently and accurately predict the

structural and dynamics properties of vapor, liquid and vhgoid CO, system#& °051,

Asfor the unlikepair atomic interactions between substrates ang tbéMie potential is also used.
To well investigatehe wetting morphology of C{droplet, the ctical energy interactioparameter
is simply changed from 0.005).015 eV for fully covering the wetting properties of-like surface
from CQx-phobic to CG-philic. A cutoff of 15.0A is assigned for the interactions of tee potential,

which is over 4folds ofboth s for the CO Mie and for the unlike interactions

For the CQ/Cu systems as shown in Figure 1a and b, periodic boundary conditions (PBCs) are
adopted in the horizontal 2By dimensions, while the verticaldirection is noAPBC to avoid the

interatomic interactions between top £R@olecules and bottom layers of strage. To maintain a
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constant volume, a virtual wall is placed at the top with vertical position of #00[0 prevent C@
molecules fleeing to the vacuum space, this virtual wall is able torepetsiveforce onto each CO

molecule with the magnitudsefined by

%0, r¢R (4)

wherek is an effectively spring force constant, anig the distance from CQarticle to the virtual

wall. R is the cutoff at which the waparticle interaction energy is zero. In this study, the spring
constank and the cutofR are taken as 0.1 kcal/(mefe?) and 5.08, respectivelylt is noted that the

setup of those values of parameters in our MD simulations effectively prevent the escape of CO

molecules and does not affect the morphologies of liquigddz@plet by the virtual wall.

MD simulations are performed at 223.15 K undananical NVT (constant number of atoms,
constant volume and constant temperature) ensemble, where the temperature is controlléd by Nos
Hoover thermostaEven though NVT is used, note that since the system is in-igpait equilibrium,
the liquid dropléwill exchange molecules with the gas until the pressure in the system corresponds to
the vapor pressure at 223.15 ®he equation of atomic motions with a timestep of 5 fs is integrated
by the velocityVerlet method. Within the MD simulations, atoms lire tsubstrate are fixed without
integration of motion. A MD simulation time of 50 nsused for equilibrating the systestynamics
of the CQ droplet. All the MD calculations are carried out by using the laage atomignolecular

massively parallel simator (LAMMPS) code package.

3. Results andDiscussion
Initially, the wetting behaviors of a Gdroplet containing 144000 G@nolecules on smooth surface
of Cu are studied. Figure 2a shows the si@gved configurations of a GQiroplet interacting with

the flat Cu-surface with varying energy interaction parametgr ., from 0.0050.012 eV after

simulation time of 50 ns. Clearly, a vagdmuid-solid mixed system is achieved for each case. The
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wetting morphology of the C{droplet is markedly connected &, ., - AS &, o, changes from
0.005-0.012 eV, the surfaces of liquid G@roplets are spherical, whereas &, ., = 0.012 eV, a

liquid film forms, separating the GQapor phase and the Cu substrate. It is noted that there is strong
exchange of C&molecules between vapand liquid CQ phase in all systems, corresponding to the
equilibrium dynamics of C®evaporation and condensation. Figure 2b plots the development of

potential energy of CEXE., ) in the systems as a function D simulation time. ltiis found that

E.o, oscillates at constant values after very short time of MD relaxation, indicative of equilibrium
dynamics of the vapdiquid CO; systems. Interestingly, as,, ., varies from 0.008€.009 eV, the
systems show almost similar total, but different droplet geometries at equilibrium state. This is
mainly explained by the fact that the totl, is contributed by the vapor and ligysthases of C®

in those systems. Ag., o, becomes larger, howevek., is smaller because of stronger interacting

with solid surface of C® Figure 2c presents the centdrmassz positions (COMPSs) of Cfas a
functionof MD simulation time. Similarly, as the systems reach to equilibrium state within short time,

the CQ COMPs fluctuate at constant values. The fluctuation OMPs is stronger ag, o, is

smaller. The different COCOMPs indicate different wetting morphologies of liquid Z{Doplet as
shown in Figure 2a. To quantitatively differentiate the adsorbed layersonGi@cules on the solid

surfaces with differente., o , the density distribution profiles of COare plotted in Figure 3.
Apparently, differente., o, result in different density distribution profiles, suggesting different
structures of adsorbed layers. The number of obvious peaks reduegs.gsis decreased. For
example, where, ., = 0.005 eV, only one peak can be observed, howeveg, ag, = 0.012 eV,

five peaks can be identified. The peaks are indicative of the adsorkddye® and higher valuaf

Ecu- co, FeSUlts in higher planar density of the adsorbed layers. Interestingly, the location of peaks is
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also connected witle,, ., . As &, o, iNcreases from 0.0080.012 eV, the location of the first peak

monotonically declines fra around 3.22 2.96A, indicating different gaps between surface and the
first CQ layer. For all cases, however, the neighboring distances between peaks are arodnd 3.50

which is insensitive teg., o, -

Figure 4a compares the sidewed wetting morphologsof a CQ droplet on a pillasstructured

Cu surface with differeng;, ., afterMD simulation time of total 50 ns. Similar to the smooth surface,

a vapotliquid-solid system is realized and the contact area betweedi©@let and top surface varies

with &, o, - However, there are clear differences between the wetting morphologies of droplet on
smooth and pillared surfaces with identi@al o - AS &, o, changes from 0.(80- 0.009 eV, the

liquid COxdroplet shows partially spherical shapes above the pillared surface, preferring Wenzel state.

In the Wenzel state, the space between pillars is filled withga@® As €., ., reaches to 0.010 eV

however, liquidCO; droplet is able to partially permeate into the groove, demonstrating a Cassie state.
The part of liquid droplet above the pillared surface still shows partially spherical geometry. Finally,

when e, ., is over 0.010 eV, the liquid C@roplet fully permeates into the groove, illustrating that

the pillared surface is fully wet by the e@roplet. It is also noted that strong exchange o CO
molecules between vapor and liquid £21@curs in those systems, similar to the case of smooth surface

systems. Figure 4b plots the evolution of tdg), of the CQ/pillared surface systems during the MD
simulation under NVT ensemble. Initially, the changesip are pronounced, mainly originating
from evaporation and geometry change o@quid droplet. Whene, .., varies from 0.0050.009
eV, E., rapidly reaches to a constant value, indicating that the system reacstable state. It is
also found that the equilibriur., increases with increasing., . For &, o, = 0.015 eV, marked

reduction in theE., initially occurs, and then reaches to a constant valueeAg, = 0.012 eV,
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however, E., initially increases, then declines, and finally reaches to a constant value. Particularly,
as &g, co, = 0.010 eV,E., monotonically increases within the whole simulation time. This suggests

that the system does not reach its equilibrium state. The Cassie state as shown in Figure 4a is ar
intermediate metastable state. Figure 4c plotg-thisectional COMPs of CQ againstMD simulation

time ase, o, increases from 0.0080.015 eV. Excepg,, o, = 0.010 eV, the-directional COMPs

are unchanged when tMD simulation time is over 20 ns. This clearly reveals that ther@@ecular
systems reach the equilibrium state at 50 ns. Similar to the casesshf06th surface systems,

smallere;, .o, causes larger amplitude in the fluctuatioz-dfrectional COMPs. Interestingly, when
€cu.co, = 0.010eV, the z-directional COMP declines during the entiddD simulation time. fe

wetting is slowed in this case by the motion of the contact line, so it is very hard to reach true

equilibrium in the Wenzel state.

The contact angle is commonly utilized toagtitatively characterize the wettability of a solid
surface by a liquid droplét To extract the contact angle afiquid CO, dropleton Culike surface
the 2D density map is accordingly obtained as follows. Initially, the COMP of the vaporqalics li
COz phases is calculated. The 2D COMRg/) are considered as the COMPs of the liquic @Oplet
system J, z). The surrounding local CQlensity is then achieved by counting the nuntbef CO;
molecules in a finite circular shell with radius, widand height of, qr andqz, i.e } = N/(2" rqrq®)
whereqr = gz = 1A are chosen. To diminish the fluctuation effect of local densities, the global CO
relative density map is finally realized by averaging densities from 50 sampleglindrical
coordinates. Figure 5a and b shows two examples of representative density contougsoafaO

smooth and a pillastructured surfaces witk, ., = 0.008 eV, respectively. Clearly, the density

contour in Figure 5a shows evidenot redandwhite lines adjacent to the smooth Cu surface,
indicating multilayered CQ structures adsorbed on the surface that can also be quantified by the

density profilesas shown in Figure 3. In contrast, the local £@ensities adjacent to the pilar
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structured surface are less enhanced as a result of less contact area between liquid droplet and soli
surface. The number of G@yers close to the pillestructured surface is less than that near the smooth
one. However, slightly below the top pillsiructured surfacez(< 0 A), the local CQdensity is over

that of vapor C@ This corresponds to the suspended surface of liquid droplet within the region of

pillared groove.

The contact angles of the ¢@roplet on the Clike surfaces are determined by using a
geometrical constructidh 3 In this method, a circular function is utilized to fit the density contour
of the CQ droplet. Here, an isdensity line of 0.01 moleculd$? is adoptedo identify the surface of
liquid CO; droplet A tangential line near the contact edge is drawn from the circulaf ditoplet
surfacefor determining the contact angle. Figure 6 presents the calculated contact angle of liguid CO

droplet as a function of, ., for both flat and pillasstructured surfagewith w = 10.7A. As is
expected, the contact angle of £@oplet is strongly dependent &, ., - When CQ droplet is

placed on smooth Clike surfaces, the contact angle linearly reduces from arount-1@% as

€cu- co, IS Increased from 0.0050.011 eV, covering the critical point of transitionrfr COp-phobic
to CQ-philic. A critical valueof e, ,, = 0.009 eV is considered as the boundary betweest CO

phobic to CQ@-philic behavior. Intriguingly, as Cdroplet is placed on pillastructured Ctlike
surfaces, the contact angle of £@oplet monotonically declines from appnmately 180 - 100

with increasing &, o, from 0.005- 0.011 eV, differing from the case of smooth-like surface. It

is clearly observed that the contact angle of @©plet is greatly enhanced as the solidli€e surface

becomes pildr-structured rough. For instance, wheg ., = 0.005 eV, the contact angle of £€0

droplet is able to increase from 40180 with the contact surface changing from smooth to pillar

structured. Such pillestructured surface shows full GPhobicity. Moreoverwhen &;, ., = 0.010

eV, by pillarstructuring of the Clike surface,a shift of transition from C@philicity to COp-

phobicity can be also achieved. This clearly demonstrates that the wettabilityli&e Gurface by
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liquid CO» can be finely tuned by pillsstructuring engineering. Such tunability in wettability by
surface roughenin@pas previously beenbserved for both natural and artificial liquid water/solid

surface systen§?2 242543

Both experimental and theoretical investigations revealed that the topography of the solid
substrates shows influence on the wetting state and the contact angle of water*tfoidfs To
examine whether there is a variation of wetting behavior of liquid @@plet with the charey of
surface topography, pillastructured Cdike surfaces with varying integillar spacingw and pillar
width w from 10.7- 71.4 A are constructed. It is noted that all piltructured surfaces maintain
identical top surface area. Figure-dahows tk sideviewed snapshots of GQiroplets on pillar

structured Ctlike surfaces withe;, ., = 0.008 eV, 0.009 eV, 0.010 eV and 0.011 eV at50 ns

from MD simulations, respectively. It is observed wettmgde multiplicity that is pronouncedly

sensitive to the topography of the{ike surface ande, ., - When e, o, = 0.008 eV (0.009 eV),

a critical transitiorfrom the Cassie to the Wenzel state occurs, depending on theilt@edistance

w and pillar widthw. Asw < 71.4A (42.9A), the liquid CQ droplet favors the Cassie state, while it
adopts the Wenzel statea)71.4A (42.9A). For the Cassie state, wheris small, the liquid C@
droplet does not permeate into the ifpélared groove. This is due to the fact that the small gaps
restrict the liquid C@cluster to move down intggillared groove. Once is enlarged to critidavalue,

for examplew = 42.9A, partial liquid CQ droplet permeates into the ingitlared groove, although

the liquid CQ droplet is in the Cassie state. This partial permeation results in negligible change in the
contact angle of the liquid CQ@roplet. Whenw is large enough, the liquid G@roplet becomes the

Wenzel state. With regard &., ., = 0.010 eV, the liquid C&xdroplet does not favor the Cassie state.

Instead, all pillared surfaces with different topographies show the Watarelof the supported liquid
CQO, droplet. However, the Weel state C@droplets display different morpholeg Similarly, as

€cu-co, = 0.011 eV, the liquid Cgdroplets are in the Wenzel state but show different morphology for
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all pillared surfaces. Intriguingly, for the two smallesthe liquid CQ droplets completely permeate
into the pillaredgroove, showing fully wetting behavior. With regard to langéowever, the pillar

structured surfaces are partially wet by the liquicc @@plet. To examiné the transition is caused
by the ratio between pillar distance and droplet size, a big@esimulation with a bigger droplet at

w=5.36 nmand &, o, = 0.011 eMs performed (see bottom of Figure 7d and Supporting information

video 1). This additional simulation reveals tt@s effect remains at larger droplet size, i.e. it is an
effect due to ratio between droplet size and pillar. Sikes implies that macroscopic G@roplet tends
to remainWenzel staten aspecificnanopillared surfaceyhich is promising fothe practical C@

capture by C@condensation onanostructure surfaces.

Figure 8ad shows the development of interactionrgygebetween C@and Culike substances
Ecu. co, With &, o, = 0.008 eV, 0.009 eV, 0.010 eV and 0.011 eV during the MD simulation of 50
ns, respectively. Apparently, the evolutiontf, ., is strongly dependemin the topography of the

Cu-like surface, indicating their distinct wetting proces$8ased on the curves, two wetting stages
can be roughly identified. The first wetting stage is characterized by the remarkable variations of

Ecu-co, IN the curves. In this stag&., ., declines stepwise with MD relaxation time, explaining
that the wetting of Glike surface is nomniformly proceeded. A sudden drop Bf, ,, corresponds

to a rapid wetting process ofllared surfaces by the liquid G@roplet. This rapid wetting results in
notable change in COMP and morphology of the liquid @Oplet. The second stage is characterized

by slight oscillations ofg., ., at constant values. This indicatedative stability of the dynamic

wetting behaviors. Accordingly, it is revealed that the MD relaxation time requiring to reach to a stable

wetting state is greatly dependent on the coupled topography-bkeCsurface ande., o, . For
exanple, the CQ liquid droplet wetting of pillasstructured surface witle, o, = 0.011 eV anav =

71.4A requires maximunMD relaxation time o35 ns. By comparisorit is observed that different
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simulated systems result in differences in g ., of the second stage. For pilstructured
surfaces with a givew, the big different magnitudes &f, .., primarily come from differene, ., -
As for pillar-structured surfaces with a give, ., , the significant differences dt., .,, explain
their different wetting morphologsof the liquid CQ droplet. For example, wheg., ., =0.008 eV,
Ecu.co, INcreases withw varying from 10.7- 53.6 A due to different solidiquid contact areas,
whereas fow = 71.4A, E_, co, INversely drops to minimum value ef75 eV because the Wenzel
state of the liquid Cedroplet significantly increases the seliquid contact area.

4. Conclusiorns

Largescale classic MD simulations are performed to reveal the roleanbscale surface and
topographical features on theetting characteristic of CQiroplet on Cdike surfaces. For reference,
the wetting morphology of liquid CQiroplet on smooth CGlike surface is initially investigated. As a

result of vaporization,hie distribution between vapor and liquid £8 govened by the phase

equilibrium The wetting morphology of liquid GOdroplet is strongly sensitive te, ., -
Specifically, a linear relationship between the intrinsic contact angle of liquidi@plet ande,, o,
is revealed. For a giver, ., , however, Ctlike surfaces with periodically pillared structures

significantly rise the contact angle of liquid €@roplet, resulting fronthat less liquigsolid contact
area leads taveaker interactiosm between liquid CQ droplet and the solid substrate. Notably, by
pillared nanostructuringf surface it is observed a critical transition of @philic to CQ-phobic.

Interestingly, by either changing., ., or structural parameter of pillatesurfaces, a crossover of

wetting state from the Cassie state to the Wenzel state appears. It can be inferred that the wetting state
on a solid substrate can be tuned by surface roughening. The results of this work provide important

insights into the coact angle and wetting behaviors of liquid £doplet on solid surfaces that is
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difficult to obtain by experimental characterizapmwhich will enlighten future attempts to design

CO»-phobic surfaces for important G@apture applications.
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Figures and captiors

(

Figure llnitial configurations of C@wetting simulations on (a) a flat €ike surface (b) aillar-

structured Cdike surface. (c) Atomic models afpillar-structured Cdike surface.
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Figure 2CO, wetting on Cdlike substrates. (a) Wetting morphoiegof a CQ droplet on smooth Gu

like surface with interaction energy parametgy ., between C@and Culike surface varying from
0.005- 0.012 eV. (b) The total potential enegE_, develops with MD simulation times in the

CO./Cu-like surface systems. (c) Change inzk@ectionalcenterof-mass positions (COMPS) of GO

with MD simulation times for Ce)Cu-like surface systems.
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Figure 3Relative density profiles of COrom the Culike surface to the top GQrapor phase. Inset is

the zoomedn plots of relative density profiles near the-like surfaces.
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Figure4 Wetting characteristics of a G@roplet on a nanopillastructured sugce with structural
parametew = 10.7A. (a) Wetting morpholdgs of a CQ droplet with varying interaction energy

parametere;, .o, from 0.005- 0.012 eV. (b) The development of total potential elesr&., during

the whole MD simulation for the GZCu-like surface systems. (c) Variation of thdirectionalcenter

of-masgositions (COMPs) of C&uring the MD wettig simulation for C@Cu-like surface systems.
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Figure5 Two representative relative density contours op @@plet on (apsmooth Cdike surface

and (b)a pillar-structured surface with structural parameter 10.7A. Both systems have identical

interaction energy parametéf,. co, = 0.008 eV.
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